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Quincy  Adams  Gillmore,  Major  in  the 
Corps  of  Engineers,  Brevet  Major-Gen- 
eral in  the  Regular  Army,  Major-General 
of  Volunteers,  and  the  great  artillerist 
and  engineer  of  the  war,  was  born  at 
Black  River,  Lorain  County,  Ohio,  on 
the  28th  of  February,  1825. 

His  parentage  was  of  mingled  Scotch- 
Irish  and  German  extraction.  His  father, 
Quartus  Gillmore,  was  in  his  earlier 
years  a  farmer  in  Massachusetts,  but  as 
early  as  1311,  while  but  21  years 
of  age,  he  moved  to  Lorain  County. 
Ohio,  and  became  a  pioneer  on  the 
"Western  Reserve."  He  married  in  1824 
Mrs.  Elizabeth  Smith,  a  widow  lady,  and 
a  native  of  New  Jersey.  Their  first  born, 
the  subject  of  our  sketch,  first  saw  the 
light  on  the  day  that  the  intelligence  was 
received  of  the  election  of  John  Quincy 
Adams  to  the  Presidential  chair.  The 
father  expressed  his  gratification  at  the 
result  of  the  election  by  at  once  naming 
his  son  Quincy  Adams. 

The  early  years  of  the  lad  were  all 
spent  in  this  agricultural  region  ;  his 
summers  while  yet  of  tender  years  being 
devoted  to  farm  labor,  and  his  winters  to 
such  mental  improvement  as  the  quarter's 
schooling  during  the  cold  months  could 
afford.  At  the  age  of  13  he  was 
sent  for  the  winter  to  Norwalk  Academy, 
some  25  miles  from  home.  His 
ambitious  spirit  seems  now  to  have  been 

*  Condensed  from  "Ohio  in  the  War  :  her  Statesmen,  her 
Generals,  and  her  Soldiers,"  by  Whitelaw  Reid.  Cincinnati: 
Moore,  Wilstach  &  Baldwin. 
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j  thoroughly  awakened  ;  his  progress  was 
such  that  he  soon  became  a  teacher  with 
some  of  his  former  classmates  for  pupils. 
He  did  not  relax  his  efforts,  however,  for 
improvement  ;  in  the  intervals  of  labor  as 
teacher,  he  was  a  student,  and  at  Elyria 
Academy  gained  the  first  place  in  Eng- 
lish composition.  This  was  in  1815, 
when  young  Gillmore  was  20  years 
of  age.  At  this  period  his  biographer  ac- 
cuses him  of  a  poem.  It  is  believed  to 
have  been  his  first  and  only  one.  In  his 
justification  it  is  urged  that  the  merit  of 
the  production  was  such  that  it  was 
offered  as  a  testimony  of  superior  talent  to 
Hon.  E.  S.  Hamlin,  member  of  Congress 
for  the  district,  and  who  was  seeking  for 
a  West  Point  student. 

The  author  of  the  poem  was  offered  the 
vacant  scholarship  ;  after  a  few  hours 
consideration  he  accepted  it  and  received 
the  warrant. 

In  the  first  year  he  gained  the  first 
place  in  his  class  in  mathematics,  and  at 
the  end  of  the  fourth  year  graduated  at 
the  head  of  it. 

He  married  in  the  year  of  his  gradua- 
tion Miss  Mary  O'Maher  of  West  Point. 

His  class  standing  determined  his  as- 
signment. He  was  made  brevet  second 
lieutenant  in  the  Corps  of  Engineers. 

After  three  years'  service  on  the  fortifi- 
tions  at  Hampton  Roads  he  was  ordered 
back  to  West  Point  to  serve  as  instructor 
of  military  engineering. 

At  this  post,  and  during  this  period, 
1852-1856,  the   experiments   with  round 
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projectiles  were  made  against  masonry, 
which  in  connection  with  Lieut.  Gill- 
more's  scientific  study  produced  such 
valuable  results  a  few  years  later.  In 
July,  I806,  he  was  promoted  to  a  first 
lieutenancy  and  ordered  to  assume  charge 
of  the  Engineer  Agency  at  New  York  city. 
Here  he  engaged  in  an  elaborate  series  of 
experiments  with  limes  and  cements  with 
special  reference  to  their  use  in  the  ma- 
sonry of  the  fortifications.  This  resulted 
in  his  well-known  book  on  "  Limes, 
Hydraulic  Cements  and  Mortars." 

During  the  same  period  he  wrote  a 
paper  on  a  cement  from  quartz  for  the 
American  Association  for  the  Advance- 
ment of  Science,  and  also  some  sugges- 
tions for  the  defence  of  the  Lake  Coast, 
which  latter  attracted  the  attention  of  the 
War  Department. 

In  August,  1861,  Lieutenant  Gillmore 
applied  for  active  field  duty.  The  war 
had  commenced,  and  the  lieutenant's 
services  were  called  in  requisition  in  aid- 
ing to  fit  out  the  expedition  against  the 
coast  defences  of  South  Carolina.  He 
was  made  captain  of  his  corps,  and  made 
chief  engineer  to  General  T.  W.  Sher- 
man. 

Through  November  and  December, 
1861,  he  was  engaged  in  fortifying  Hilton 
Head,  upon  which  the  troops  had  de- 
scended a  month  earlier,  after  the  his- 
torical bombardment  by  Admiral  Dupont. 
The  Commanding  General  next  turned 
his  attention  to  Savannah,  and  here  we 
will  quote  in  full  the  words  of  the  histo- 
rian of  this  siege. 

Fort  Pulaski  stood  in  the  way.  Situated 
on  one  of  the  marshy  islands  along  the  coast, 
neither  land  nor  water,  that  yet  offer  to 
miltary  movements  the  special  obstacles 
of  both,  it  seemed  secure  against  land  at- 
tacks. But  it  covered  both  the  channels 
of  the  Savannah  River,  and,  while  it  stood, 
the  way  to  the  threatened  city  was  closed. 
Late,  therefore,  in  November  Captain 
Gillmore  was  ordered  to  make  a  thorough 
reconnoissance  of  the  locality.  On  the 
29th  he  set  out  ;  on  the  1st  of  December 
he  made  his  report.  The  one  feature  of 
the  report  was  this  :  "I  deem  the  reduc- 
tion of  Fort  Pulaski  practicable  by  bat- 
teries of  mortars  and  rifled  guns,  estab- 
lished on  Tybee  Island."  And  five  days 
later,  in  another  communication,  he  speci- 
fied the  armament  he  would  ask  for  the 
undertaking:  "Ten  10-in.  sea-coast  mor- 


tars.    10  13-in.  do.,  8   heavy  rifled   guns, 
and  8  columbiads." 

The  assumption  of  the  young  engineer 
was  to  the  older  members  of  his  corps, 
and  to  the  officers  of  the  army  generally, 
a  matter  of  astonishment.  The  site  for 
his  proposed  breaching  batteries  was  an 
island  1,700  yards  distant  from  the  fort. 
The  limit  for  practicable  breaching  of  ma- 
sonry forts  was  supposed  to  be  1,000 
yards  ;  and,  except  under  peculiarly  fa- 
vorable circumstances,  no  one  thought 
such  an  effort  advisable  at  a  distance 
greater  than  600  or  700  yards.  Since  the 
invention  of  gunpowder,  in  no  war  and 
by  no  General  had  the  reduction  of  hos- 
tile forts  been  attempted  by  means  of 
batteries  even  1,000  yards  distant.  Here 
was  a  young  captain  of  engineers,  abso- 
lutely without  experience  in  war,  propos- 
ing to  reduce  a  fort  which  had  been 
recently  pronounced  by  a  competent 
military  critic  (Mr.  Russell,  of  the  London 
"Times")  impregnable  to  land  attack,  by 
batteries  located  nearly  three  times  as  far 
away  as  in  any  successful  bombardment 
on  record.  Confederate  Gen.  R.  E.  Lee, 
in  the  winter  of  1861-62,  assured  the 
commander  of  Fort  Pulaski,  that  he  had 
nothing  to  fear  from  Tybee  Island,  it 
being  not  within  dangerous  distance. 

The  standard  authority  of  the  army 
had  this  verdict  on  the  possibility  of  such 
an  undertaking  :  "  An  exposed  wall  may 
be  breached  with  certainty  at  distances 
of  from  500  to  700  yards,  even  when  elev- 
ated 100  ft.  above  the  breaching  battery  ; 
and  it  is  believed  that,  in  case  of  extreme 
necessity,  it  would  be  justifiable  to  attempt 
to  batter  down  an  exposed  wall  from  any 
distance  not  exceeding  1,000  yards,  but 
then  the  quantity  of  artillery  must  be  con- 
siderable, and  it  will  require  from  four  to 
seven  days'  firing,  according  to  the  number 
of  guns  in  battery,  and  the  period  of  da\T- 
light,  to  render  a  breach  practicable." 
Captain  Gillmore  proposed  to  go  700  yards 
beyond  this  extreme  limit  fixed  by  the 
authority  then  regarded  as  final  on  all 
such  engineering  questions. 

Save  his  own  experiments  with  smooth 
bores,  however,  and  the  theoretical  views 
they  had  suggested  and  confirmed,  he 
could  point  to  no  authority  to  sustain 
him.  Breaching  at  500  to  700  yards 
had  been  the  limit  to  the  undertak- 
ings of  European  armies  against  ma- 
sonry   forts.       Absolutely    no    tangible 
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progress  had  been  made,  in  actual  prac- 
tice, since  the  second  siege  of  Badajos 
in  the  Peninsular  war,  when  an  exposed 
and  weak  castle  wall  was  breached  at 
the  unheard-of  distance  of  800  yards. 
Some  noteworthy  English  and  Prussian 
experiments,  however,  had  seemed  to 
point  to  the  greater  capacity  of  rifled  ar- 
tillery. In  1860,  a  condemned  Martello 
tcwer  on  the  Coast  of  England  had  been 
battered  down  by  Armstrong  rifled  guns, 
at  a  distance  of  1,032  yards.  General 
Sir  John  Burgoyne,  in  reporting  the  fact 
to  the  British  War  Department,  added: 
"  Trials  were  subsequently  made  to  breach 
a  similar  tower  from  smooth-bored  68  and 
32  pounders  at  the  same  range  of  1,032 
yards,  and  the  result  may  be  deemed  al- 
together a  failure,  both  accuracy  of  fire 
and  velocity  of  missiles  being  quite  defi- 
cient for  such  a  range."  In  the  same 
year  the  Prussian  Government  had  con- 
ducted similar  experiments  on  certain  old 
fortifications  at  Juliers,  which  were  to  be 
demolished.  The  guns  used  were  rifled 
breech-loaders.  At  640  yards  they  had 
breached  a  brick  wall  3  ft.  thick  with  12- 
pounders.  At  50  paces  they  had  breach- 
ed the  same  wall  with  6-pounders.  And, 
at  60  yards,  they  had  breached  a  wall  6|  ft. 
thick  with  24-pounders  ;  while  subse- 
quently, with  the  same  guns,  at  a  distance 
of  90  yards,  they  had  breached  a  wall  12 
ft.  thick. 

Practically,  this  was  the  sum  of  what 
military  science  had  to  teach  on  the  sub- 
ject of  the  power  of  artillery  against  ma- 
sonry forts.  Beyond  this,  CaptaihjGrillmore 
had  progressed  a  little,  by  reason  of  his 
own  experiments  at  West  Point.  He  be- 
lieved that  the  capacity  of  rifled  guns  had 
not  been  fully  appreciated.  But  he  did 
not  yet  give  them  credit  for  their  enormous 
superiority  over  the  clumsy  columbiads 
and  other  heavy  smooth-bores  in  which 
the  chief  reliance  was  still  placed.  The 
English  Martello  tower  had  been  battered 
down  by  rifled  82  and  40-pounders,  at 
1,032  yards.  He  believed  the  American 
Parrotts,  and  other  rifles,  at  least  equal  to 
the  famous  English  gun  ;  he  was  able  to 
secure  84-pounders,  64-pounders,  48- 
pounders,  and  30-pounders  ;  and  with 
these,  relying  on  his  belief  that  rifles 
might  do  more  than  they  had  ever  yet 
been  called  upon  to  do,  he  was  willing  to 
undertake  the  reduction  of  Fort  Pulaski 
from  a  distance  more  than  a  third  greater 


than  in  the  English  experiments.  But  he 
asked  a  weight  of  metal,  in  smooth-bores 
— columbiads,  mortars,  etc. — double  as 
great  as  that  of  his  rifles. 

We  have  seen  how  contrary  to  the  max- 
ims of  the  books  Captain  Gillmore's  prop- 
osition was.  Some  of  the  leading  officers 
of  his  own  corps  united  in  their  condem- 
nation of  the  wild  scheme  which  the  young 
engineer  presented.  General  Totten  him- 
self, the  venerable  head  of  the  corps,  was 
very  decided  in  his  disapproval.  Con- 
spicuous engineers  furnished  written 
opinions,  enforcing  the  folly  of  the  pro- 
ject. But  the  General  Commanding  was 
of  a  temper  that  was  ready  to  accept  dar- 
ing innovations.  It  does  not  appear  that 
he  was  himself  fully  convinced  of  the  wis- 
dom of  his  engineer's  proposal,  but  he  was 
fully  resolved  to  let  him  try.  He  accord- 
ingly endorsed  the  plan,  and  forwarded  it 
to  the  Department  at  Washington  for  ap- 
proval. Here  it  was  some  time  delayed, 
and  even  after  the  final  consent  had  been 
obtained,  the  necessary  artillery  and  ord- 
nance stores  were  tardily  supplied. 

But  about  the  middle  of  January,  six 
weeks  after  the  scheme  was  first  proposed, 
matters  had  progressed  so  far  that  opera- 
tions began  for  the  investment  of  Fort 
Pulaski,  preparatory  to  the  establishment 
of  the  proposed  batteries  for  its  reduc- 
tion. There  were  several  tortuous  and 
uncertain  passages  by  which,  at  high  tide, 
gunboats  of  light  draft  might  evade  Pu- 
laski and  enter  the  Savannah  River. 
Through  some  of  these  it  was  determined 
to  convoy  the  flats  on  which  artillery  was 
floating,  for  batteries  above  Pulaski,  to  cut 
off  its  intercourse  with  Savannah  and  with 
the  coast.  One  cause  of  delay  intervened 
after  another,  till,  on  the  10th  of  Febru- 
ary, 1862,  after  waiting  nearly  a  month  on 
the  navy,  it  was  determined  to  attempt 
transporting  the  guns  for  these  blockad- 
ing batteries  by  land. 

Up  the  river  a  few  miles  from  Fort 
Pulaski  lies  Jones's  Island,  the  southern 
shore  of  which  forms  for  several  miles  the 
northern  bank  of  the  stream.  Near  the 
middle  of  this  stretch  rose  the  trifling  ele- 
vation of  Venus's  Point,  on  which  it  was 
proposed  to  erect  a  batteiw.  This  would 
isolate  Pulaski.  The  nearest  spot  where 
the  soil  was  sufficiently  solid  to  permit 
the  encampment  of  troops  was  Dafuskie 
Island,  4  miles  distant.  From  this  place 
there  was  water  communication  between 
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New,  Wright,  and  Mud  Rivers  to  the  shore 
of  Jones's  Island  opposite  Venus's  Point. 
Thence,  across  the  oozy,  shaking  marsh  of 
the  island  the  artillery  must  be  transport- 
ed by  hand  for  a  distance  of  about  three- 
fourths  of  a  mile.  What  was  the  nature  of 
the  route  may  be  inferred  from  Captain 
Grillruore's  description  of  the  island  :  "It 
is  nothing  but  a  mud  marsh,  covered  with 
reeds  and  tall  grass.  The  general  surface 
is  about  on  a  level  of  ordinary  high  tide. 
There  are  a  few  spots  of  limited  area, 
Venus's  Point  being  one  of  them,  that  are 
submerged  only  by  spring  tides,  or  by  or- 
dinary tides  favored  by  the  wind  ;  but  the 
character  of  the  soil  is  the  same  over  the 
whole  island.  It  is  a  soft,  unctuous  mud, 
free  of  grit  or  sand,  and  incapable  of  sup- 
porting a  heavy  weight.  Even  in  the  most 
elevated  places  the  partially  dry  crust  is 
but  3  or  4  in.  in  depth,  the  substratum 
being  a  semi-fluid  mud,  which  is  agitated 
like  jelly  by  the  falling  of  even  small  bod- 
ies upon  it,  like  the  jumping  of  men  or 
ramming  of  earth.  A  pole  or  an  oar  can 
be  forced  into  it  with  ease,  to  the  depth 
of  12  or  15  ft.  In  most  places  the  resist- 
ance diminishes  with  increase  of  penetra- 
tion. Men  walking  over  it  are  partially 
sustained  by  the  roots  of  reeds  and  grass, 
and  sink  in  only  5  or  6  in.  When  this 
top  support  gives  way,  they  go  down  from 
2  to  2|  ft.,  and  in  some  places  much  fur- 
ther." 

Across  this  uncertain  slime,  a  wheel- 
barrow track  of  plank  was  laid.  Poles 
were  cut  on  Dafuskie  Island  and  taken  by 
boats  into  Mud  River  to  make  a  wharf  for 
the  landing  of  the  guns,  and  bags  filled 
with  sand  were  carried  over  by  the  bat- 
teries. Finally,  on  the  10th  of  February, 
the  hope  of  aid  from  the  navy  being 
abandoned,  the  flats  on  which  the  guns 
were  loaded  were  towed  out  through  the 
sluggish  rivers  by  row-boats,  against  the 
tide,  and  landed  at  the  wharf.  At  the 
same  time  another  party  on  the  opposite 
side  of  the  island,'at  Venus's  Point,  was  at 
work  on  the  platforms  for  the  battery. 
First  bags  of  sand  were  laid  down  on  the 
oozy  soil,  till  the  whole  surface  was  raised 
5  cr  6  in.  Then  over  these  went  a  floor- 
ing o:'  thick  planks,  nearly  but  not  quite 
i  i  c  jntact  with  each  other.  Across  these 
at  right  angles  other  planks  were  laid, 
till,  finally,  the  platform  was  raised  some 
20  in.  above  the  natural  surface.  All  the 
while  this  work  went  on,  the  unsuspicious 


Rebel  gunboats  were  plying  up  and  down 
the  Savannah  River,  in  full  view.  Then 
at  daylight  the  work  was  left,  and  all 
hounds  went  back  to  Dafuskie. 

The  next  night  came  the  hardest  task. 
Over  the  12  ft.  deep  mud  of  Jones's  Island 
were  to  be  dragged,  from  the  wharf  back 
on  Mud  River  to  the  site  for  the  battery 
at  Venus's  Point,  3  30-pounder  Parrotts,  2 
20-pounders,  and  a  great  8  in.  siege  how- 
itzer. The  Captain  shall  tell  us  how  this 
seemingly  impossible  task  was  accomplish- 
ed ; 

"  The  work  was  done  in  the  following 
manner  :  The  pieces,  mounted  on  their 
carriages  and  limbered  up,  were  moved 
forward  on  shifting  runways  of  planks 
(about  15  ft.  long,  1  ft.  wide,  and  3  in. 
thick),  laid  end  to  end.  Lieutenant  Wil- 
son, with  a  party  of  35  men,  took  charge 
of  the  two  pieces  in  advance  (an  8-in. 
siege  howitzer  and  a  30-pounder  Pari'ott), 
and  Major  Beard  and  the  Lieutenant,  with 
a  somewhat  larger  force,  of  the  4  pieces 
in  the  rear  (2  20  and  2  30-pounder  Par- 
rotts). Each  party  had  one  pair  of  planks 
in  excess  of  the  number  required  for  the 
guns  and  limbers  to  rest  upon,  when  clos- 
ed together.  This  extra  pair  of  planks 
being  placed  in  front,  in  prolongation  of 
those  already  under  the  cai'riages,  the 
pieces  were  then  drawn  forward  with  the 
drag-ropes,  one  after  the  other,  the  length 
of  a  plank,  thus  freeing  the  two  planks  in 
the  rear,  which,  in  their  turn,  were  carried 
to  the  front.  This  labor  is  of  the  most 
fatiguing  kind.  In  most  places  the  men 
sank  to  their  knees  in  the  mud;  in  some 
places  much  deeper.  This  mud  being  of  the 
most  slippery  and  slimy  kind,  and  perfectly 
free  from  grit  or  sand,  the  planks  soon 
became  entirely  smeared  over  with  it. 
Many  delays  and  rcmch  exhausting  labor 
were  occasioned  by  the  gun-carriages  slip- 
ping off  the  planks.  When  this  occurred, 
the  wheels  would  suddenly  sink  to  the 
hubs,  and  powerful  levers  had  to  be  de- 
vised to  raise  them  up  again.  I  authoriz- 
ed the  men  to  encase  their  feet  in  sand- 
bags to  keep  the  mud  out  of  their  shoes. 
Many  did  this,  tying  the  strings  just  below 
the  knees.  The  magazines  and  platforms 
were  ready  for  service  at  daybreak." 

When  day  dawned,  therefore,  the  Savan- 
nah river  was  closed.  But  now  a  fresh 
peril  arose.  The  artillerists,  as  they  stood 
about  their  newly-planted  guns,  presently 
perceived  a  foe  creeping  up,  around,  and 
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upon  them,  against  which  their  Parrotts 
and  mortal's  were  of  no  avail.  The  tide 
rose  within  8  in.  of  the  surface!  A  high 
wind  would  have  sent  it  over.  And  the 
worst  was  not  yet,  for  the  spring  tides  were 
approaching.  Captain  Gillmore  met  this 
new  danger  by  constructing  a  levee  entire- 
ly around  the  battery,  sufficient  to  secure 
it  against  ordinary  seas.  If  storms  should 
come,  it  must  take  its  chances. 

A  few  days  later  and  other  batteries 
were  planted  to  co-operate  with  this  one 
in  completely  investing  Pulaski  below,  and 
blockading  Savannah  above.  Then  Cap- 
tain Gillmore  was  ordered  down  to  Tybee 
Island  to  undertake  his  greater  work. 

On  the  21st  of  February  the  first  of  his 
required  artillery  and  ordnance  stores  for 
the  siege  arrived.  General  Sherman  now 
determined  that  his  hopeful  young  engi- 
neer should  have  all  the  honor  of  success, 
or  bear  all  the  burden  of  defeat ;  and  he 
accordingly  authorized  him  to  act  as  a 
Brigadier-General  (pending  the  appoint- 
ment to  that  rank,  which  he  had  solicited 
f or  him  from  the  President),  and  to  as- 
sume command  of  all  the  troops  required 
for  the  siege.  Thenceforward  he  had 
matters  entirely  in  his  own  hands. 

The  point  on  which  batteries  were  now 
to  be  erected  was  not  unlike  that  at  which 
General  Gillmore  had  recently  been  labor- 
ing. Tybee  Island,  like  Jones's  Island 
above,  is  a  mud  marsh.  Several  ridges 
and  hummocks  of  firm  ground,  however, 
are  to  be  found  upon  it ;  and  along  Tybee 
Roads,  where  the  artillery  was  to  be  de- 
barked, stretched  a  skirting  of  low  sand- 
banks, formed  by  the  action  of  wind  and 
tides.  From  this  place  to  the  proposed 
site  of  the  advanced  batteries  was  a  dis- 
tance of  about  2|  miles.  The  last  mile 
was  in  full  view  of  Fort  Pulaski,  and  with- 
in the  range  of  its  guns.  It  was,  besides, 
a  low  marsh,  presenting  the  same  obsta- 
cles to  the  transportation  of  heavy  artil- 
lery that  had  been  encountered  in  the 
work  at  Venus's  Point. 

The  first  difficulty  was  met  in  landing 
the  guns.  The  beach  was  open  and  ex- 
posed, and  often  a  high  surf  was  running. 
The  guns  were  lowered  from  the  vessels 
on  which  they  had  been  sent  down  from 
the  North,  upon  lighters,  over  which  a 
strong  deck  had  been  built  from  gunwale 
to  gunwale.  Then  at  high-tide  row-boats 
towed  these  lighters  to  the  shore.  Ropes 
were  then  attached  to  them,  and  the  men 


on  shore  careened  them,  thus  rolling  the 
heavy  masses  of  iron  overboard  in  the 
surf.  When  the  tide  receded  they  were 
left  dry,  and  the  troops  then  seized  upon 
them  and  dragged  them  by  main  strength 
up  the  sand-bank,  out  of  reach  of  the  next 
high  tide. 

Then  came  the  task  of  planting  them  in 
battery  in  the  yielding  marsh,  in  sight  of 
Pulaski,  without  being  discovered.  "  No 
one,"  says  General  Gillmore,  "  except  an 
eye-witness,  can  form  any  but  a  faint  con- 
ception of  the  herculean  labor  by  which 
mortars  of  8|  tons  weight,  and  columbi- 
ads  but  a  trifle  lighter,  were  moved  in 
the  dead  of  night,  over  a  narrow  causeway, 
bordered  by  swamps  on  either  side,  and 
liable  at  any  moment  to  be  overturned, 
and  buried  in  the  mud  beyond  reach.  The 
stratum  of  mud  is  about  12  ft.  deep  ;  and 
on  several  occasions  the  heaviest  pieces, 
particularly  the  mortars,  became  detached 
from  the  sling-carts  and  were  with  great 
difficulty,  by  the  use  of  planks  and  skids, 
kept  from  sinking  to  the  bottom.  Two 
hundred  and  fifty  men  were  barely  suffi- 
cient to  move  a  single  piece,  on  sling-carts. 
The  men  were  not  allowed  to  speak  above 
a  whisper,  and  were  guided  by  the  notes 
of  a  whistle." 

The  work  went  on  without  discovery, 
and  apparently  without  even  arousing  the 
suspicions  of  the  fort.  Its  seeming  im- 
practicability was  its  safeguard.  The  bat- 
teries nearest  the  fort  were  carefully 
screened  from  observation  by  gradual  and 
almost  imperceptible  changes  in  the  ap- 
pearance of  the  brushwood  and  brushes  in 
front  of  them— no  sudden  alteration  of 
the  outline  of  the  landscape  being  permit- 
ted. Thus,  in  silence  and  in  darkness,  11 
batteries,  mounting  heavier  guns  than 
were  ever  before  used  in  the  United  States 
service,  gradually  arose  before  the  unsus- 
picious fort.  As  the  dangerous  part  of 
the  work  was  completed  less  care  was 
taken  about  discovery,  and  the  enemy 
finally  learned  the  location  of  two  of  the 
less  important  batteries  ;  of  the  very  ex- 
istence of  the  others  he  would  seem  to 
have  had  no  conception. 

By  the  1st  of  April  a  change  in  the 
command  of  the  department  had  been 
made.  The  popular  impatience  at  the 
lack  of  results  under  General  Sherman's 
management  had  led  to  his  removal.  Gen- 
eral Hunter,  on  taking  command,  found 
the  investment  of  Pulaski  complete,  and 
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the  preparations  for  opening  the  bom- 
bardment well  advanced.  He  inspected 
the  "work,  but  made  no  change  whatever. 
General  Gillmore  was  left  in  command, 
and  eight  days  later  was  ready  to  open 
fire. 

For  eight  weeks  the  troops  had  been  en- 
gaged, day  and  night,  in  the  most  exhaust- 
ing labor,  at  an  inclement  season,  and  in 
the  most  malarious  of  localities.  They  had 
completed  1 1  batteries  along  the  coast  of 
Tybee  Island  nearest  Pulaski,  at  a  distance 
from  the  fort  ranging  from  3,400  to  1,650 
yards,  and  had  mounted  36  heavy  guns,  of 
which  10  were  rifles,  as  follows  ;  Two  84- 
pounder-James,  2  64-pounder  James,  1  48 
pounder  James,  and  5  30-pound er  Par- 
rotts.  The  smooth-bores  were,  12  13-in. 
mortars,  4  10-in.  siege  mortars,  6  10-in. 
columbiads,  and  4  8-in.  columbiads.  It  was 
soon  to  be  seen  that  most  of  this  array 
of  smooth-bores,  on  which  3-4ths  of  the 
time  and  labor  had  been  spent,  was  use- 
less. The  whole  length  of  the  line  formed 
by  these  batteries  was  2,550  yards.  In 
front  of  it,  with  1\  ft.  thick  brick  walls 
standing  obliquely  to  the  line  of  lire,  on  a 
separate  little  marshy  island  a  mile  or 
more  distant,  stood  Pulaski,  isolated  from 
Savannah  by  the  batteries  up  the  river, 
but  still  able  to  keep  up  frequent  com- 
munication by  courier  through  the  swamps. 

On  the  evening  of  April  9,  1862,  Gen- 
eral Gillmore  issued  his  general  order  for 
the  bombardment.  It  was  remarkable  for 
the  precision  with  which  every  detail  was 
given.  The  directions  for  the  3  breach- 
ing batteries  will  illustrate  : 
"Battery  Sigel  (5  30-pounder  Parrotts 
and  1  48-pounder  James)  to  open,  with 
4f  second  fuses,  on  the  barbette  guns  of 
the  fort  at  the  second  discharge  from  Bat- 
tery Sherman.  Charge  for  30-pounder, 
3|  lbs.;  charge  for  48-pounder  5  lbs.,  ele- 
vation 4  deg.  .for  both  calibres.  As  soon 
as  the  barbette  fire  of  the  work  had  been 
silenced,  this  battery  will  be  directed,  with 
percussion  shells,  upon  the  walls,  to  breach 
the  pancoupe.  between  the  east  and  south- 
east faces,  and  the  embrasure  next  to  it  in 
the  south-east  face  ;  the  elevation  to  be 
varied  accordingly,  the  charge  to  remain 
the  same.  Until  the  elevation  is  actually 
determined,  each  gun  should  fire  once  in 
6  or  8  min. ;  after  that,  every  4  or  5  min. 
"Battery  McClellan  (2  84-pounders  and 
2  6i-pounder  James)  to  open  fire  imme- 
diately after  Battery  Scott.     Charge  for 


S4-pounder,  8  lbs. ;  charge  for  64-pounder, 
6  lbs. ;  elevation  for  S4-pounder,  4|  deg. ; 
for  64-pounder,  4  deg.  Each  piece  should 
fire  once  every  5  or  6  min.  after  the  eleva- 
tion has  been  established ;  charge  to  re- 
main the  same.  This  battery  should 
breach  the  work  in  the  pancoupe  between 
the  south  and  south-east  faces,  and  the 
embrasure  next  to  it  in  the  south-east  face. 
The  steel  scraper  for  the  grooves  should 
be  used  after  every  fifth  or  sixth  dis- 
charge. 

"Battery  Scott  (3  10-in.  and  1  8-in. 
columbiads)  to  fire  solid  shot,  commenc- 
ing immediately  after  the  barbette  fire  of 
the  work  has  ceased.  Charge  of  10-in. 
columbiad,  20  lbs.;  elevation  4|  deg. 
Chai-ge.  of  8-in.  columbiad,  10  lbs.;  eleva- 
tion 5  deg.  This  battery  should  breach 
the  pancoupe  between  the  south  and 
south-east  faces,  and  the  embrasure  next 
to  it  in  the  south-east  face  ;  the  elevation 
to  be  varied  accordingly,  the  charge  to 
remain  the  same.  Until  the  elevation  is 
accurately  determined,  each  gun  should 
fire  once  in  10  min. ;  after  that,  every  6  or 
8  min." 

These  instructions,  with  few  exceptions, 
were  adhered  to  throughout.  For  their 
stinking  illustration  of  the  unerring  as 
well  as  pre-estimated  results  of  applied 
science,  engineers  and  artillerists  will 
hold  them  not  among  the  least  remarka- 
ble features  of  the  siege.  They  were  ad- 
dressed to  raw  volunteer  infantry,  abso- 
lutely ignorant  of  artillery  practice  till  the 
siege  commenced,  and  taught  what  little 
they  knew  about  serving  the  guns,  in  the 
intervals  of  leisure  from  dragging  them 
over  the  beach  into  battery.  Plainly,  if 
the  young  engineer  should  succeed,  it 
would  only  be  because  adverse  circum- 
stances could  not  hinder  him. 

On  the  morning  of  the  10th  General 
Hunter  decided  to  delay  the  bombardment 
till  the  garrison  should  be  summoned,  in 
his  felicitous  phrase,  to  surrender,  and  rt  - 
store  to  the  United  States  the  fort  which 
they  held.  The  commanding  officer  terse- 
ly enough  replied  that  he  was  there  to 
defend  and  not  to  surrender  it.  General 
Hunter  quietly  read  the  response  ;  then 
stepping  to  the  door  of  his  head-quarters, 
said  :  "  General  Gillmore,  you  may  open 
fire  as  soon  as  you  please."  In  a  moment 
a  mortar  from  Battery  Halleck  flung  out 
with  a  puff  its  great  globe  of  metal,  and 
the  bombardment  had  begun.  The  enemy 
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opened   vigorously,  but  rather  wildly,  in 
reply. 

It  soon  became  evident  that  the  fire  of 
the  mortars,  comprising  nearly  one-half 
of  the  artillery  bearing  upon  the  fort,  was 
comparatively  useless.  Not  one  shell  in 
ten  fell  within  or  upon  the  fort.  The  colum- 
biads  did  not  seem  to  be  particularly  effi- 
cient, but  the  rifles  soon  began  to  indent 
the  surface  of  the  wall  near  the  south-east 
angle.  Neither  the  garrison  nor  our  own 
soldiers  saw  much  in  the  bombardment 
promising  decisive  results;  but  by  1  o'clock 
General  Gillmore  was  convinced  that  the 
fort  would  be  breached,  mainly  by  the 
rifled  projectiles,  which  the  telescope 
showed  to  be  already  penetrating  deeply 
into  the  brick-work.  It  was  also  evident 
that  on  breaching  alone,  with  perhaps  an 
assault  when  the  breech  was  practicable, 
could  dependence  be  placed.  The  garrison 
could  stand  the  mortar  fire  far  longer  than 
the  assailants  could  keep  it  up. 

At  dark  the  bombardment  ceased,  three 
mortars  and  a  rifle,  however,  keeping  up 
a  5-min.  discharge  through  the  night,  to 
prevent  the  garrison  from  making  repairs. 
Ten  and  a  half  hours  of  heavy  firing  from 
the  whole  armament  of  the  batteries  had 
apparently  resulted  only  in  a  somewhat 
shattered  appearance  of  the  wall  about  the 
angle  on  which  the  firing  had  been  directed, 
and  in  the  dismounting  of  two  barbette 
guns,  and  the  silencing  of  three  in  the 
casemates.  But,  in  fact,  the  breach  was 
almost  effected,  although  the  garrison 
does  not  seem  to  have  been  aware  of  it. 
General  Gillmore  had  selected  the  point 
for  the  breach  with  special  reference  to 
his  knowledge  of  the  location  of  the  mag- 
azine. The  moment  his  rifled  balls  pass- 
ed through  the  wall  of  the  fort,  they  would 
begin  to  strike  the  wall  of  the  powder 
magazine  on  the  opposite  side  of  the 
work. 

On  the  morning  of  the  11th  the  bom- 
bardment was  resumed.  The  damages  to 
the  wall  soon  became  conspicuous,  and 
the  heavy  shots  from  the  Columbia ds  now 
served  to  shatter  and  shake  down  the 
masonry  which  the  rifled  projectiles  had 
displaced.  By  12  o'clock  two  entire  case- 
mates had  been  opened,  and  in  the  space 
between  them  the  rifle  balls  were  plung- 
ing through  to  the  rear  of  the  magazine. 
The  danger  of  being  blown  up  became 
imminent,  and  the  commandant  hastened 
to  call  together  a  council  of  his  officers. 


They  voted  unanimously  for  surrender, 
and  just  as  their  flag  came  fluttering  slow- 
ly down,  General  Gillmore  was  giving 
his  directions  for  opening  upon  another 
embrasure.  He  passed  over  at  once  and 
received  the  surrender. 

The  loss  on  our  side  was  but  one  man 
killed,  so  perfect  had  been  the  engineer- 
ing skill  that  directed  the  construction  of 
the  defences  along  the  line  of  batteries. 
The  garrison  of  the  fort  lost  several  killed 
and  wounded  ;  360  were  surrendered. 

The  immediate  result  of  these  opera- 
tions was  the  total  blockade  of  the  port 
of  Savannah,  and  the  reduction  of  the 
principal  defence  of  the  city  against  at- 
tack from  the  sea.  But  their  remote 
consequences  were  far-reaching,  and  con- 
stituted an  era  in  military  science.  Gen- 
eral Gillmore  himself  has  set  forth  some 
of  them.  "It  is  true,  beyond  question,'' 
he  says,  "that  the  minimum  distance,  say 
from  900  to  1,000  yards,  at  which  land 
batteries  have  heretofore  been  considered 
practically  harmless  against  exposed  ma- 
sonry, must  be  at  least  trebled,  now  that 
rifled  guns  have  to  be  provided  against." 
And  he  confidently  adds:  ""With  heavy 
James  or  Parrott  guns  the  practicability 
of  breaching  the  best-constructed  brick 
scarp  at  2,300  to  2,500  yards,  with  satisfac- 
tory rapidity,  admits  of  very  little  doubt. 
Had  we  possessed  our  present  knowl- 
edge of  their  power  previous  to  the  bom- 
bardment of  Port  Pulaski,  the  eight  weeks 
of  laborious  preparation  for  its  reduction 
could  have  been  curtailed  to  one  week,  as 
heavy  mortars  and  columbiads  would 
have  been  omitted  from  the  armament  of 
the  batteries,  as  unsuitable  for  breaching 
at  long  ranges."  In  short,  he  had  shown 
the  enormous  power  of  the  new  heavy  ri- 
fled artillery  at  unprecedentedly  long 
ranges  ;  and  in  those  36  hours'  firing  had 
unsettled  the  foundations  of  half  the  forti- 
fications of  Europe  and  America. 

The  man  that  did  this  was  a  young 
Captain  of  Engineers,  who  had  never 
seen  a  gun  fired,  in  battle  till  on  this 
expedition,  who  had  nevertheless  staked 
his  success  in  his  profession  on  the 
soundness  of  his  theories  about  artil- 
lery, and  in  doing  so  had  faced  the  oppo- 
sition of  the  talent  and  experience  of  the 
entire  brilliant  corps  of  which  he  was  one 
of  the  younger  and  less  known  members. 

Within  a  fortnight  after  the  surrender 
his  provisional  appointment  as  Brigadier- 
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General  was  confirmed  by  the  President. 
His  long  exposure  to  the  malaria  of  the 
marshes  brought  on  a  fever  which  now 
prostrated  him,  and  kept  him  out  of  the 
field  till  the  ensuing  August. 

The  subsequent  services  of  General 
Gillmore  during  the  war  we  will  recount 
briefly. 

In  October  following  the  reduction  of 
Pulaski,  he  was  assigned  to  the  command 
of  the  district  of  Central  Kentucky.  The 
comparatively  light  duty  that  devolved 
upon  him  in  this  department  was  well 
performed.  He  defeated  General  Pegram 
at  the  battle  of  Somerset,  and  drove  him 
across  the  Cumberland.  For  this  service 
he  was  brevetted  Colonel  of  Engineers. 

Soon  after  this  he  was  called  to  con- 
duct the  operations  against  the  defences 
of  Charleston.  The  occupation  of  Morris 
Island,  the  capture  of  Fort  Wagner,  and 
the  reduction  of  Fort  Sumter,  constituted 
the  preliminary  steps  to  the  accomplish- 
ment of  the  ultimate  object,  the  capture 
of  Charleston. 

All  that  the  land  forces  were  expected 
to  do  was  successfully  performed.  How 
the  engineering  problem  of  mounting 
heavy  guns  above  the  ooze  of  a  soft  marsh 
was  solved  is  thus  related  by  the  biog- 
rapher. 

"As  early  as  the  15th  of  July,  reconnois- 
sances  had  been  made  to  ascertain  wheth- 
er there  was  any  possibility  of  making  this 
semi-fiuid  mud,  over  which  men  could  not 
march,  sustain  a  gun  of  10  tons  weight, 
within  shelling  distance  of  Charleston. 
The  mud  was  found  even  deeper  and  more 
treacherous  than  had  been  expected.  It 
was  so  soft  that  the  weight  of  the  iron 
sounding-rod  would  carry  it  down  half 
the  depth  by  its  own  weight,  and  it  varied 
in  depth  from  18  to  23  ft.  A  plank  thrown 
d  iwn  on  its  surface  would  shake  it  for 
hundreds  of  square  yards  around  as  if  it 
had  been  jelly.  On  this  surface  experi- 
ments were  conducted  to  discover  its  sus- 
taining power.  For  it  was  an  essential 
element  of  the  plan  that  the  gun  must  be 
mounted  without  any  use  of  obvious  ex- 
pedients like  the  common  pile-driver  ; 
since  these  would  inevitably  disclose  the 
attempt  and  bring  down  the  enemy.  Fi- 
nally, a  bed  of  round  logs  was  laid  down 
directly  on  the  surface  of  the  mud.  Across 
these,  at  right  angles,  was  placed  another 
layer  of  logs,  bolted  down  to  those  below. 
The  interstices  were  filled  with  sand.    On 


this  foundation  was  built  up  a  massive 
parapet  of  sand-bags.  The  platform  for 
the  gun  was  given  a  totally  separate  foun- 
dation. Through  both  layers  of  logs  a 
rectangular  opening  had  been  left  of  the 
proper  size  for  the  platform.  This  was 
now  shut  in  by  a  circumference  of  closely 
fitting  sheathing  piles  forced  down,  by 
the  exertions  of  the  soldiers  themselves, 
to  the  bottom  of  the  mud,  into  the  firm 
sand.  Within  the  space  thus  enclosed 
the  mud  was  covered  with  layers  of  the 
long,  coarse  grass  which  grew  over  the 
marsh.  When  this  was  thoroughly  tram- 
pled down,  two  thicknesses  of  heavy  tar- 
paulins were  spread  over  it.  Upon  these 
in  turn  was  placed  a  layer  of  sand,  well 
rammed  down,  and  15  in.  thick.  In  this 
was  laid  a  flooring  of  3-in.  pine  plank. 
Across  these  two  more  layers  of  similar 
flooring  were  placed,  and  on  the  last  was 
built  the  platform  for  the  gun.  Thus  the 
parapet  and  the  gun  were  independent. 
If  the  jar  of  the  gun's  recoil  should  cause 
its  foundation  to  sink,  the  parapet  would 
stand.  Through  all  manner  of  practical 
difficulties  these  arrangements  were  com- 
pleted, and  when  Beauregard  chose  to 
laugh  at  the  threat  to  bombard  Charles- 
ton, the  shaking  marsh  over  which  his 
soldiers  had  not  thought  it  worth  while  to 
venture,  suddenly  cast  forth  fire. 

It  was  on  the  21st  of  August  that  this 
marsh  battery  opened  on  Charleston. 
The  bombardment  of  Sumter  over  the 
heads  of  the  garrison  in  Wagner  continu- 
ed from  Morris  Island  till,  on  the  24th, 
General  Gillmore  was  able  to  report  as 
the  result  of  the  seven  days'  work,  "the 
practical  demolition  of  Fort  Sumter." 
The  distance  between  the  most  advanced 
breaching  battery  and  the  fort  was  3,428 
yards. 

The  capture  of  the  city  was  not  accom- 
plished at  this  time,  as  the  dangers  from 
torpedoes  seemed  in  the  mind  of  the 
commander  of  the  naval  forces  too  great 
to  be  rashly  encountered. 

Of  the  part  performed  by  the  subject  of 
our  sketch,  the  following  testimony  is 
quoted  by  the  historian: 

To  the  brilliancy  of  the  engineering  and 
artillery  exploits  of  General  Gillmore  in 
Charleston  Harbor,  the  whole  world  testi- 
fies. The  General-in-Chief  thought  them 
worthy  of  such  commendation  as  this  in  his 
Annual  Report  :  "  General  Gillmore's  op- 
erations have  been  characterized  by  great 
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professional  skill  and  boldness.  He  has 
overcome  difficulties  almost  unknown  in 
modern  sieges.  Indeed,  his  operations  on 
Morris  Island  constitute  a  new  era  in  the 
science  of  engineering  and  gunnery." 
The  Department  endorsed  this  praise  by 
raising  him  to  the  rank  of  Major-General 
of  Volunteers.  Not  less  emphatic  was  the 
admiring  testimony  of  Professor  Mahan, 
the  General's  old  instructor  in  engineer- 
ing at  West  Point,  and  a  critic  of  siege 
operations  not  surpassed  by  any  living 
military  authority  :  "  The  siege  of  Fort 
Wagner  forms  a  memorable  epoch  in  the 
engineer's  art,  and  presents  a  lesson  fruit- 
ful in  results.  ...  In  spite  of  these 
obstacles ;  in  spite  of  the  shifting  sand 
under  him,  over  which  the  tide  swept 
more  than  once  during  his  advances  ;  in 
spite  of  the  succor  and  relief  of  the  garri- 
son from  Charleston,  with  which  their 
communications  were  free,  General  Gill- 
more  addressed  himself  to  his  task  with 
that  preparedness  for  every  eventuality, 
and  that  tenacity  which  are  striking  traits 
of  his  character.  .  .  .  This  remarkable 
exhibition  of  skill  and  industry,  the  true 
and  always  successful  tools  with  which  the 
engineer  works,  is  a  triumph  of  American 
science  of  which  the  nation  may  well  be 
proud;  and  General  Gillmore,  in  the  re- 
duction of  Fort  Pulaski,  the  demolition  of 
Sumter,  and  the  capture  of  Wagner,  has 
fairly  earned  the  title  of  Poliorcetes."  Brit- 
ish and  French  military  critics  united  in 
similar  applause  ;  while  the  estimate  of 
the  masses  of  his  fellow-countrymen  may 
be  fitly  represented  in  this  concluding 
p  iragraph  from  a  leading  editorial  of  the 
New  York  "Tribune"  on  the  subject: 
'•  Pulaski,  Somerset,  the  landing  at  Morris 
I  iland,  the  demolition  of  Sumter — Wag- 
n  tv :  '  The  greatest  is  behind  ! '  Whatever 
m  iy  be  the  thought  of  the  many  deeds 
w  lich  may  illuminate  the  sad  story  of  this 
g  -eat  Rebellion,  the  capture  of  Wagner  by 
vieneral  Gillmore  will  be  regarded  as  the 
greatest  triumph  of  engineering  that  his- 
tory has  yet  recorded." 

After  some  service  of  lesser  importance 
before  Petersburg,  and  as  Inspector- 
General  of  Fortifications  of  the  Military 
Division  of  West  Mississippi,  he  was  re- 
turned by  the  Government  to  the  depart- 
ment in  which  his  fame  had  been  won. 
This  was  in  January,  1865. 

After  the  re-assignment  of  departments, 
h3  was  given  the  command  of  South  Car- 


olina. His  rule  here  was  judicious  and 
acceptable.  He  had  little  taste,  however, 
for  such  military  duties  in  time  of  peace. 
In  the  autumn  of  1865  he  resigned  his 
commission  in  the  volunteer  service,  and 
was  assigned  to  the  old  familiar  work  in 
the  Corps  of  Engineers.  He  bore  back 
with  him  to  his  grade  in  this  brilliant 
corps  the  clustering  honors  of  the  four 
highest  brevets  in  the  regular  army,  in  re- 
ward for  his  achievements  during  the  war. 

Brevet  Lieutenant-Colonel,  U.  S.  Army. 
"  For  gallant  and  meritorious  conduct  at 
the  capture  of  Fort  Pulaski,  April  11, 
1862." 

Brevet  Colonel  U.  S.  Army,  "  For  gal- 
lant and  meritorious  services  at  the  battle 
of  Somerset,  Kentucky,  March  31,  1863. ' 

Brevet  Brigadier-General  U.  S.  Army, 
"  For  gallant  and  meritorious  services  in 
the  assault  on  Morris  Island,  July  10, 
1863." 

Brevet  Major-General  U.  S.  Army,  "For 
gallant  and  meritorious  conduct  in  the 
capture  of  Forts  Wagner  and  Gregg,  and 
the  demolition  of  Fort  Sumter." 

General  Gillmore's  military  standing  is 
clearly  defined  by  his  career  during  the 
war.  He  never  displayed  remarkable 
merits  as  a  leader  of  troops  in  the  open 
field.  He  was  a  good,  but  not  a  brilliant 
corps  General.  If  he  committed  no  grave 
faults,  on  the  other  hand  he  never  shone 
conspicuous  above  those  that  surrounded 
him.  He  was  prudent,  judicious,  circum- 
spect, not  dashing,  scarcely  enterprising. 
It  is  only  fair  to  add  that  he  was  never 
tried  on  a  large  scale  or  under  favorable 
circumstances. 

But  in  his  proper  province  as  an  engi- 
neer and  artillerist,  he  was  as  bold  as  in 
the  field  he  was  cautious.  He  ignored 
the  limitations  of  the  books.  He  accept- 
ed theories  that  revolutionized  the  science, 
'and  staked  his  professional  standing  on 
great  operations  based  upon  them.  He 
made  himself  the  first  artillerist  of  the 
war.  If  not  also  the  foremost  engineer, 
he  was  second  to  none;  and  in  the  bold- 
ness and  originality  of  his  operations 
against  Wagner,  he  surpassed  any  similar 
achievements,  not  only  in  this  war,  but  in 
any  war  ;  so  that  now,  notwithstanding 
the  more  varied  operations  around  Rich- 
mond, and  Atlanta,  and  Yicksburg,  when 
men  speak  of  great  living  engineers,  they 
think  as  naturally  of  Gillmore  in  the  New 
World  as  of  Todleben  in  the  Old. 
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General  Gillmore's  recent  services  in  a 
professional  way  Lave  quite  as  much 
relation  to  the  arts  of  peace  as  of  war. 
His  little  work  on  Coignet  Beton,  and  the 
more  extended  one  on  Limes,  Mortars, 
and  Cements,  are  both  well  known  to 
American  engineers.  Of  the  works  now 
under  his  supervision  yet  incomplete,  we 
shall  doubtless,  as  chroniclers  of  engineer- 


ing progress,  have  yet  to  speak.  At  the 
present  time  he  is  the  Chief  Superintend- 
ing Engineer  of  the  fortifications  on 
Staten  Island,  of  those  upon  the  Atlantic 
coast  of  North  Carolina,  South  Carolina, 
Georgia,  and  Florida,  and  of  the  im- 
provement of  Charleston  Harbor,  and  the 
Savannah  and  Saint  John's  Eivers,  and 
streams  subsidiary  thereto. 


A  NEW  THEORY  OF  THE  DISCHARGE   OF   GAS  AND  STEAM 

FEOM   ORIFICES. 

By  GUSTAV  ZEUNER. 
Translated  from  "  Der  Civil-Ingenieur." 


The  hydro-dynamic  equations  deduced 
in  theoretic  mechanics,  are  of  no  practi- 
cal use,  even  in  the  simplest  case,  that  of 
discharge,  through  an  orifice,  of  water, 
gas,  or  steam,  under  constant  head.  The 
discrepancies  in  the  results  of  theory  and 
experiment  (no  regard  being  had  to  con- 
traction due  to  shape  of  orifice)  are  due 
not  merely  to  a  diminution  in  velocity 
caused  by  the  resistance  of  friction  within 
the  stream  and  at  the  orifice  ;  but  are  to 
be  attributed  to  the  false  hypotheses  from 
which  certain  formulas  have  been  de- 
duced. 

In  my  work  entitled  "  Das  Locomotiv- 
Blasrohr"  (Zurich,  1863),  I  called  atten- 
tion to  the  fact  that  the  principles  of  the 
mechanical  theory  of  heat  are  of  great 
import  in  hydraulics  and  aerostatics,  and 
gave  the  formulas  for  the  efflux  of  gas, 
saturated  steam  and  superheated  steam. 
Those  researches  showed  that  the  prob- 
lem as  usually  expressed,  i.  e.,  "to  obtain 
the  velocity  formula,  having  given  the 
pressure  and  the  temperature  of  the  fluid 
in  the  feed-vessel,  and  the  pressure  in  the 
receiver" — is  indeterminate.  A  definite 
solution  is  possible  only  when  we  have 
determined  whether  heat  is  gained  or 
lost  during  the  flow,  and  what  is  the  law 
of  gain  or  loss.  The  ordinary  case  is  that 
in  which  there  is  no  change  in  this  re- 
spect ;  and  in  this  case  we  find  a  formula 
first  derived  by  Weisbach,  and  thereafter 
generally  adopted.  This  holds  approxi- 
mately, as  will  be  shown  below,  for  satu- 
rated and  superheated  steam,  and  even 
for  fluids  ;  but  always  on  condition  that 
the  course  of  pressure  from  greater  to 
less  follows  the  adiabatic  curve  ;  in  other 
words,  that  there  is  no  loss  or  gain  of  heat 


connected  with  change  of  pressure.  In 
other  cases  Weisbach's  formula  does  not 
give  the  true  values  of  the  coefficient  of 
efflux  and  the  quantity  of  discharge  ;  and 
this  also  is  true  of  the  formulas  given  by  me 
for  steam  and  heated  fluids.  Corrections 
must  be  made  for  friction  and  contraction, 
and  these  must  depend  on  experiments. 

A  vast  number  of  such  experiments  have 
been  made  with  water,  but  it  is  only  of 
late  that  we  have  had  anything  to  help 
us  in  the  case  of  air  and  steam. 

It  was  assumed  that  the  same  coeffi- 
cients applied  to  gas  as  to  water,  until 
Weisbach,  to  whom  practical  hydraulics 
already  owed  a  large  debt,  took  the  prob- 
lem in  hand,  and  by  means  of  experiments 
brought  it  near  a  complete  solution.  Let 
us  examine  the  results  of  these  valuable 
experiments  with  the  object  of  seeing 
whether  we  may  not  find  confirmation  of 
the  principles  of  the  mechanical  theory  in 
the  fact  that  the  meaning  of  the  coeffi- 
cients of  correction  becomes  clear  in  the 
formulas.  An  attempt  in  this  direction 
was  made  by  Grashof,  but  with  reference 
only  to  the  motion  of  water  in  pipes.  He 
states  the  case  (to  be  considered  in  this 
article)  in  the  same  way  as  Weisbach, 
introducing,  as  usual,  coefficients  of  ve- 
locity and  contractions.  The  correction 
due  to  form  of  ajutage  or  contraction  can- 
not ordinarily  be  demonstrated  by  analy- 
sis, hence,  regard  will  be  had  only  to  those 
ajutages  in  which  contraction  does  not 
occur  (rounded,  short  cylindric,  or  slight- 
ly conic),  or  the  contraction  coefficient 
will  be  employed  that  is  obtained  by  the 
usual  experiment  of  measuring  the  stream 
at  the  point  of  greatest  contraction.  As 
for  the  correction  due  to  resistances  prop- 
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er,  an  attempt  will  be  made  to  deduce 
these  by  the  mechanical  theory  of  heat. 

If  a  fluid  (water,  gas,  or  steam)  flows 
through  an  orifice,  the  velocity  of  dis- 
charge is  diminished  by  internal  friction. 
The  work  of  the  flowing  mass  is  less  than 
that  deduced  by  calculation  ;  hence  there 
has  been  some  loss  of  work.  In  practical 
hydraulics  inquiry  has  not  been  pushed  to 
determine  where  this  work  goes,  but  has 
been  content  with  determining  by  exper- 
iment the  ratio  of  loss  of  work  to  the 
work  due  to  the  head,  or  the  actual  velo- 
city has  been  found  and  its  ratio  to  the 
theoretic  determined. 

This  so-called  loss  does  not  consist  ac- 
tually of  a  destruction  of  work  ;  but  it 
must  be  assumed  according  to  the  me- 
chanical theory  that  external  work  has 
been  transformed  into  internal :  that  the 
loss  has  passed  over  into  molecular  work, 
in  other  words,  into  heat,  the  stream  con- 
taining the  total  theoretic  work,  but  a 
portion  of  it  in  the  form  of  heat.  This 
must  be  shown  in  the  fact  that,  all  other 
conditions  being  the  same,  the  passage 
through  an  orifice  changes  temperature 
and  density.  And  this  must  be  especially 
observable  in  the  case  of  gas  and  steam. 
The  formulas  deduced  should  therefore 
give  quantities  corresponding  to  those 
given  by  experiments,  and  they  should 
also  enable  us  to  determine  the  condition 
of  fluid  as  well  when  in  the  plane  of  the 
orifice  as  after  discharge. 

The  following  investigation  is  intended 
to  show  that  the  new  results  and  exten- 
sions can  be  easily  introduced  into  com- 
mon theory.  Attention  will  be  confined 
to  the  simplest  case  of  efflux  through  an 
orifice  from  a  large  vessel  under  a  con- 
stant head,  so  that  technical  needs  may 
be  kept  in  view  and  the  research  may  go 
no  further  than  the  cases  in  which  its  re- 
sults are  confirmed  by  known  experi- 
ments. 

1.     DEDUCTION     OF   THE    FUNDAMENTAL    EQUA- 
TIONS. 

Let  any  fluid,  water,  gas,  or  steam, 
flow  through  a  tube  of  variable  section 
(Fig.  1)  and  horizontal  axis.  Let  equal 
weights  pass  through  all  cross  sections  in 
equal  times.  In  the  section  F,  distant  s 
from  a  fixed  point,  let  the  specific  pres- 
sure be  p  (metre  kilograms).  Represent 
the  thickness  of  an  elementary  fluid  lam- 
ina by  ds,  which  is  also   the   element  of 


space  passed  over  in  the  time  df ;    then 
the  pressure  on  the  other  side  is  p  -j-  dp  ; 


and  the  work  in  the  direction  of  the  mo- 
tion is 

F  p  -F-F  (p-\-dp=-Fdp. 

The  volume  of  the  lamina  is  F  d  s,  and 

.    F  d  .9. 
if  v  is  the  unit-volume,  the  mass  is  ~^~z 

The  quotient  gives  the  acceleration, 
v  dp 

•  0- 

vg 

If  W  is  the  velocity  through  the   section 

.    w  f]  w" 
F,  then  the  acceleration  is 


d  s 


Hence 

Let 

then 


d 


EH 


dp. 


W2 


=  h,  etc., 


d  h  =  —  d  {p  v)  -\- p  d  v.  (1.) 
This  is  the  hydrodynamic  equation  for  the 
above  simple  case.  The  right  member 
expresses  the  work  for  the  space  ds;  which, 
resistances  not  considered,  is  entirely 
spent  in  increasing  the  living  force  of  the 
unit- weight  of  fluid. 

Regarding  resistances,  and  indicating 
their  work  for  the  space  d  s  by  d  W  ;  the 
right  member  of  (1)  operates  to  increase 
the  vis  viva  by  dh,  and  also  to  overcome 
resistance.     Hence 

dh+d  W=  -  d(p  v)  -f  p  d  v.         (I. ) 

If  the  axis,  Fig.  1,  is  oblique  to  the  di- 
rection of  motion,  then  the  right  mem- 
ber is  increased  or  diminished  by  the 
work  of  gravity,  or  by  +  d  z,  i.  e.,  the  ver- 
tical distance  of  the  centre  of  gravity  of 
the  lamina  from  d  s.  We  confine  our- 
selves (having  to  do  with  short  ajutages) 
to  the  simpler  case.  But  even  then,  and 
leaving  out  of  consideration  the  resist- 
ance, equation  (1)  is  not  integrable.  The 
problem  is  still  indeterminate,  because 
the  law  of  variation  of  p  as  a  function  of 
v  is  not  known.  But  the  mechanical 
theory  of  heat  supplies  the  defect. 

If  the  unit-weight  of  a  body  receive  the 
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quantity  of  beat  d  Q,  and  it  expands  by 
d  v  under  the  pressure  p, 

dQ,  =  A(d\J  +  pdv) 
in  which  p  d  v  is  tbe  work  expended  ex- 
ternally, and  d  U  that  part  of  tbe  beat 
expressed  in  work,  wbicb  is  expended  in 
interior  work  (increasing  work  of  vibra- 
tion and  overcoming  interior  forces).  Tbe 
quantity  of  beat,  wbicb  corresponds  to 
the  unit  of  work  is  represented  by  A; 
and  in  French  measure  it  is  ^^  heat 
units.  Tbe  internal  work  U  is  to  be  re- 
garded as  a  function  of  p  and  v,  whose 
form,  for  the  fluid  under  consideration, 
may  be  regarded  as  known. 

We  assume  generally  that  during  the 
passage  through  d  s  there  is  added  from 
without  to  the  fluid,  i,  e.,  its  unit  weight, 
the  quantity  of  heat  d  Q.  Since  the  work 
of  resistance  d  W  changes  to  heat,  it  is 
an  equivalent  to  say  that  the  weight-unit 
receives  the  quantity  of  heat  d  Q -\- A.  d 
W;  hence  the  second  fundamental  equa- 
tion 

dQ+AdW=A(dU+pdv).        (II.) 
Combining  with  (I.) 

d  h  =^-  -  d  U  -  d(p  v).  (III. ) 

These  are  tbe  equations  to  be  verified 
in  the  sequel.  We  refer  to  the  special 
case  in  which  the  condition  is  introduced 
that  heat  is  not  gained  or  lost  in  tbe  ef- 
flux. In  this  instance  the  above  equa- 
tions become 

d\V  =  d\J+pdv  (Ila.) 

dh=-(dY+d(pv))         (Ilia) 

If  resistances  are  neglected  d  W  =  0, 
and  the  principles  set  forth  in  my  former 
work  are  proven. 

(2.)    GRAPHIC    ILLLUSTRATION    OF    FORMULAS. 

The  formulas  admit  of  clear  and  easy 
illustration  by  diagrams,  without  neces- 
sity of  special  knowledge  of  the  fluid  and 
its  qualities. 

Suppose  a  very  large  vessel,  in  which 
the  surface  may  be  regarded  as  at  rest. 
Let  tbe  pressure  and  specific  volume  in 
the  vessel  at  the  level  of  the  orifice  be  p2 
and  v2  ;  represent  the  external  pressure 
by  pu  extending  to  the  orifice  ;"  let  the 
fluid  pass  from  the  orifice  with  the  speci- 
fic volume  Vx.  Let  the  living  force  cor- 
responding to  the  velocity  w  be  h,  and  W 
tbe  work  of  resistance  corresponding  to 
the  unit  weight.  Then  by  integration  of 
(I.) 

h  +W  =Pzi\-Pl  vx  +1^1  pdv        (3.) 


£+w 


Suppose  p2,  px  and  v2  given  and  also  the 
law  of  change  of  pressure  during  efflux; 
then  the  above  equation  easily  determines 
/i-)-W,  while  the  curve  of  pressures  gives 
tbe  specific  volume  vx  of  tbe  fluid  at  the 
orifice. 

Now  if  to  the  fluid  unit  of  weight  dur- 
ing passage  there  is  added  the  quantity 
of  heat  Q,  and  this  is  known  by  integra- 
tion of  (II.) 

Ux-U2+flhpdv        (4.) 

"    V.2 

The  internal  work  U  is  to  be  consider- 
ed a  known  function  of  p  and  v  ;  so  that 
(4)  determines  tbe  value  of  W  ;  and  from 
(3)  h  is  found  ;  and  the  actual  efflux  ve- 
locity iv  immediately  follows.  If  G-  is  tbe 
weight  of  fluid  discharged  in  a  second,  F 
being  tbe  orifice  area, 

Gu,--=Fio  (5.) 

or  a  being  tbe  co-efficient  of  contraction 
G  v:  =  a~F  w. 

This  is  the  process  of  calculation.  For 
graphic  representation,  note  tbe  follow- 
ing.    If  p,  and  v2  (for  discharging  vessel) 


are  known,  lay  off  Fig.  3a,  the  volume  as 
abscissa,  tbe  pressure  as  Ordinate  ;  con- 
struct tbe  rectangle  of  area  p2  v2,  and 
draw  through  U2  the  curve  U2  J]x  express- 
ing the  law  of  continuous  decrease  of 
pressure  to  px.  The  corresponding  ab- 
scissa. Ovx  represents  the  volume  vx  pass- 
ing through  the  orifice,  and,  since  the 
surface  U2  Vi  vx  v„  represents  thp  integral 
of  equation  (3),  the  dotted  part  of  Fig.  3a 
represents  the  value  of  h  -j-W. 

So  equation  (4)  may  be  represented. 

In  Fig.  36  is  repeated  Fig.  3a.  Draw 
through  TJ2  the  adiabatic  curve  U2  U, 
which  gives  the  law  of  expansion  under 
condition  of  no  loss  or  gain  of  heat  ;  in 
other  words,  for  no  resistance.  Through 
Ux  draw  tbe  isodynamic  curve  ULT1}  wbicb 
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represents  the  law  of  pressure  under  the 
hypothesis  that  the  internal  work  TJ  =  F 
(p  v)  is  constant  and  equal  to  JJV  Draw 
through  the  point  of  intersection  U  the 


ordinate  U„  Fig.  36  ;  then  the  dotted  area 
gives  the  value 

The  surface  U2  Ui  vx  v.2  represents  the 
integral  pressure.  If  the  expansion  is 
without  resistance  or  gain  or  loss  of  heat 
for  equal  limiting  values  of  XJj  then  in  (4) 
Q=0  and  W=0;  and  therefore 


r 


pd  v  =  TJ2-Uu 


in  which  v  corresponds  to  the  abscissa  of 
U  and  the  variation  from  p  proceeds 
along  the  adiabatic  curve.  The  integral 
is  shown  in  Fig.  36  by  the  surface  XJ2  U  v 
v2,  and  the  dotted  area  corresponds  to  the 
value  of  the  left  member  of  equation  (4). 
We  infer  that  the  solution  of  the  prob- 
lem requires  the  knowledge  of  the  course 
of  three  curves,  and  of  the  adiabatic  and 
isodynamic  curves.  These  two  are  known 
for  given  fluids.  The  expansion  curve 
XL  Ui  involves  all  the  indetermination  of 
the  hydrodynamic  problem.  Its  course 
is  dependent  upon  the  method  of  loss  or 
gain  of  heat,  as  well  as  upon  the  magni- 
tude and  kind  of  resistance  W.  If  there 
is  no  change  in  respect  to  heat  as  will 
be  generally  assumed,  Q  =  0  ;  and  the 
curve  is  dependent  only  on  the  work  of 
resistance,  and  the  dotted  curve  in  Fig. 
36  represents  the  value  of  this  work  in 
terms  of  the  fluid  unit  of  weight.  If  the 
efflux  is  without  resistance,  i.  e.,  W  =  0, 
the  curve  ILUx  coincides  with  the  adia- 
batic line  U2  U0,  Fig  3a ;  the  surface  Ax  A, 
XL  TJ0  then  represents  the  living  force  h 
of  the  unit  of  weight  at  the  orifice.  Fig. 
da  clearly  shows  the  influence  of  resist- 
ance upon  efflux.     The  effect  is  that  the 


curve  ILTJ,  is  raised,  and  passes  over  the 
adiabatic  line  U2  U„,  while  it  approaches 
the  axis  of  abscissas  less  rapidly. 

If  px  =  p2,  and  U2  is  constant,  in  case 
of  efflux  against  resistance  the  fluid  (gas 
or  steam)  passes  through  the  orifice  with 
greater  volume  vL  than  in  the  case  of  no 
resistance  (v0  <vu  Fig.  da).  This  change 
of  specific  volume  is  followed  by  a  change 
of  temperature  of  the  stream  at  the  ori- 
fice ;  a  fact  to  be  considered  before  we 
close. 

We  close  this  division  of  the  subject 
with  a  few  general  remarks  concerning 
the  condition  of  the  stream  after  dis- 
charge. A  stream  of  gas  or  steam  ex- 
pands as  in  Fig.  2,  and  in  consequence  of 
the  constant  pressure  px  will  change  to  a 


Ti&Z; 


A-'S  NS. 


.,«-'-> 


•^ 


IS  < 


volume  Vi,  and  the  internal  work  will  pass 
from  the  value  U!  to  IT/;  the  living  force 
h  is  transformed  into  heat  ;  and  the  pro- 
cess may  be  regarded  as  if  the  quantity  of 
heat  A  h  were  imparted  to  the  unit  weight 
undergoing  expansion  under  constant 
pressure.  Under  this  hypothesis,  by  in- 
tegration of  equation  (2), 

Ah  =AtU1'-U1)+Aj)1(iV-i,i) 
From  (3)  and  (4) 

Q-A7i  =  A(U1-U2  -fp,  i'x'-Pi  vs 
Combining: 


Q_u' 


•U2+p,  Vi'-Pi  »s 


(IV.) 


From  this  equation  may  be  determined 
the  condition  of  the  fluid  after  expansion. 
Making  Q  =  0. 

Uz'  +  px  Vx  =Ua  +p2  »a  (IVoO 

It  thus  appears  that  the  final  condition  is 
entirely  independent  of  the  resistance. 
It  is  assumed  that  the  fluid  in  the  receiver 
neither  cools  nor  heats  the  expanding 
steam  ;  in  other  respects  the  last  con- 
sideration is  of  no  technical  interest. 
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(13.)    EFFLUX  OF  PERMANENT  GAS. 

Reckoning  the  temperature  of  a  gas 
from  absolute  zero,  which  is  273°  be- 
low the  zero  of  Celsius,  and  indicating  the 
absolute  temperature  by  T  =  273°-)- 1  ; 
the  Mariotte-Gay-Lassac  law  may  be 
written  in  the  form 

pv  =  RT, 
R  being  a  constant  magnitude,  known  for 
the  several  gases.  If  cp  is  the  specific 
heat  of  the  gas  under  constant  pressure, 
and  cv,  for  constant  volume,  then  from 
the  mechanical  theory  of  heat 


AR. 


Finding  R,  and  putting  - —  =  k  (for  per- 

ruanent  gases  generally,  &  =  1,410),  sub- 
stitution gives 

k— 1 
Apv  =  cP. —  .T  (7.) 

a  convenient  form  for  subsequent  investi- 
gations. The  mechanical  theory  gives  as 
value  of  the  increment  of  heat  for  a  unit 
weight,  the  volume  being  increased  by  d  v, 
the  pressure  by  dp, 

dQ  =  — {v  d  p-\-p  d  v) 

From  equation  (3) 

dQ  =  A  (dTJ  +  kpdv) 
hence  by  equating  to  internal  work 

dXJ  =  ^-ld(pv)  (9.) 

and  by  integration,  the  internal  work 


U  = 


p  v 
k-1 


\-TS< 


(10.) 


in  which  U  is  the  constant  of  integration 
whose  value  for  the  various  gases  is  not 
known  ;  but  which  will  be  considered  in 
the  course  of  this  article.  "YVe  now  pass 
to  the  problem. 

Suppose  a  permanent  gas  in  a  large 
vessel  with  tension  £>2,  volume  v2,  and  tem- 
perature T2,  under  constant  pressure ; 
that,  receiving  no  heat  from  without,  it 
flows  through  an  opening  into  a  receiver 
where  the  pressure  pl  is  kept  constant ; 
then  from  (Ila)  and  (9) 

dW  =—~d{pv +pdv)  (11.) 

from  (Ilia) 

dh=-k~j<-Hpv)  (12.) 

from  (10)  and  (IVa) 

P-z  v1'=p2  v2  (13.) 

and  from  (7) 

T,'=T2. 
The  last  result  signifies  that  the  gas 
after  expansion  in  the  receiver  and  com- 


ing to  rest,  resumes  the  same  temperature 
which  it  had  in  the  reservoir,  whatever  the 
resistances  overcome  in  passage. 

This  is  so  obvious  that  Weisbach  as- 
sumed it  in  his  investigations.  But  the 
principle  holds  only  for  fixed  gases,  not 
for  saturated  and  superheated  steam,  as 
will  appear. 

From  (13)  is  found  the  volume  v/  of 
the  unit  weight  after  expansion  ;  but  it 
must  be  observed  that  this  differs  from 
that  with  which  it  passes  the  orifice- 
plane.     This  volume  i;/  is  easily  found  by 


construction.  In  Fig.  3c  are  included 
Figs.  3a  and  36.  Through  U2  draw  an 
equilateral  hyperbola,  and  find  the  inter- 
section B  with  the  horizontal  Ax  UL  :  then 
Ax  B  represents  the  volume  vx  after  ex- 
pansion. The  three  volumes  v2,  v1}  and 
vL'  must  be  carefully  distinguished  ;  and 
for  this  reason  it  seems  improper  to  meas- 
ure the  efflux  of  gas  and  steam  in  units 
of  volume,  as  has  been  done  hitherto  ;  a 
method  which  requires  that  the  exact 
place  of  measurement  should  be  known. 
The  better  way  is  to  measure  by  weight- 
units. 

More  important  than  what  precedes  is 
the  investigation  of  (11)  and  (12).  The 
first  may  be  written 

d  W  =  j-—-(v  dp-\-  kpdv)  (14.) 

and  the  second  may  be  integrated.  If  vi 
is  the  specific  volume  at  the  orifice 

k 
h  =  ^—j(p2  v2  -pL  v,)  (15.) 

or  from  (7) 

AA  =  Cp(Ts-T1)  (16.) 

Tx  being  the  absolute  temperature  of  the 
gas  at  the  orifice-plane. 

The  formulas  in  this  form  are  not  to  be 
verified,  because  vx  and  T2  are  not  known 
as  long  as  the  law  of  the  pressure-curve 
TJ2  TJi  is  unknown.  In  one  case  the  equa- 
tions may  be  applied,  i.  e.,  when  there  is 
no  resistance.  Then  d  W  =  0  and 
v  dp  -)-  kpdv  =0 
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dividing  by  p  v 

p  vk  =p2  v2k  =p,  u,ft  (17.) 

i.e.  the  equation  of  the  adiabatic  curve 
(U2U0inFig.  3  a). 

Equation  (17)  gives  the  specific  volume 
v-l  of  the  gas  at  the  orifice,  for  p2,  v2,  pt  may 
be  considered  as  known.  This  equation 
may  be  written 

Pi  Vi     /  v^V-1    (rhV-1 
Pj»!,     I  Uj    )  \p2) 

combining  with  (7) 

giving  the  temperature  T^  at  the  orifice. 
Introducing  this  in  (16)  h  is  found  ;  then 
then  the  velocity  of  efflux 

W^-iyA  (19-) 

and  the  quantity  discharged  in  kilograms, 


from  (6), 


G  = 


a  F  w 


(20.) 


The  foregoing  equations  are  the  same 
as  those  developed  in  an  entirely  differ- 
ent way  by  Weisbach.  They  lose  their 
value  as  soon  as  resistances  are  taken 
into  account ;  and  the  actual  law  of  the 
expansion  curve  U2  U1}  Fig.  3a,  is  to  be 
found,  as  it  no  longer  coincides  with  the 
adiabatic  curve. 

This  curve  passes  beyond  the  adiabatic 
line  U2  U0.  and  the  curves  diverge  in  pro- 
portion to  the  resistance,  as  shown  in 
Fig,  36. 

To  discover  the  probable  law  of  the 
curve  of  expansion  I  employ  a  principle 
of  practical  hydraulics,  namely,  that  the 
co-efficient  of  resistance  remains  con- 
stant for  the  same  kind  of  orifice  for  va- 
rying pressure  and  varying  breadth  of 
orifice.  Assuming  this  true  for  gases,  we 
obtain  the  following  results: 

By  equation  (16)  h  is  directly  propor- 
tional to  the  decrease  of  temperature 
T2  —  Ti;  the  same  holds  for  the  resistance  ; 
hence 

AW^ctTj-T,)  (21.1 

in  which  c  is  a  constant  acting  as  a  kind 
of  specific  heat;  whose  value  is  easily  ob- 
tained if  the  co-efficient  of  resistance  of 
the  orifice  (£)  is  known.     By  definition 
W 

5=T 
and  from  (16)  and  (21) 

c  =  i  cp 
and 

A  d  W  =-c  d  T=-  ?  cp  d  T. 
Substituting  from  (7) 

A  cZ  W=  —  £ k .  — — -  (y  dp  +  p  d  v). 

But  by  (14) 


A  d  W  =  -r— y-(,J  d  P  +  k  P  d  v) 

Hence  the  equation  of  the  curve  of  expan- 
sion is 

(1  +  t,k)vdp  +  (1  +  ?)  kpdv  =  0 
Dividing  by 

(1  4-  nfc 
(1  +  £  k)  v  and  putting  n  = 


i-K/c 


(22.) 


and  integrating,  we  have  the  equation  of 
the  curve  of  pressure, 

p  vn=p2  v^  =  py  vtn  (23.) 

The  value  of  n  is  constant  and  may  be 
found  if  £  is  known.  But  this  value 
(which  I  call  the  exponent  of  efflux)  may 
be  obtained  directly  by  experiment.  If 
£  =  0,  n—k;  which  gives  Weisbach's 
principle;  and  the  curve  coincides  with 
the  adiabatic  line  ;  otherwise  n  <  k. 

From  (22) 


5 


(24.) 


!=(fr=(£F  « 


k(n-l) 

giving  the  value  of  W=£h,  and  by  (21) 
the  value  of  c. 

Equation  (23)  may  be  written 
Pi  "i      /  v*Y~l 
p2  v2~\vl) 

Hence  by  (7) 

Ij 
Ts 

To  sum  up: 

If  a  gas  flows  under  a  constant  pressure 
p2  through  an  orifice  from  one  vessel  into 
another,  in  which  the  pressure  p-^  is  con- 
stant ;  and  if  the  temperature  T2  and  the 
specific  volume  v.2  in  the  discharging  ves- 
sel are  known,  and  also  the  exponent  n  : 
equation  (23)  gives  the  true  specific 
volume  vx  ;  (25),  the  actual  specific  tem- 
perature of  the  gas  at  the  orifice  ;  (16) 
gives  the  value  of  h,  and  the  actual  velo- 
city W  =y/TgT ;  and  (20),  the  quantity 
actually  discharged  in  a  second. 

It  is  now  only  necessary  to  determine 
the  magnitudes  mentioned,  under  the  hy- 
pothesis of  no  resistance  ;  i.  e.,  to  find 
their  so-called  theoretic  values. 

(4.)      GRAPHIC   ILLUSTRATION    AND     PRACTICAL 
EXAMPLE. 

The  principles  found  in  the  considera- 
tion of  Figs.  3a  and  36  also  hold  for  gases. 
The  dotted  surface  in  Fig.  3a  gives  the 
value  of  h  -f-  "W;  that  in  36  represents  W3 
since  we  assumed  Q  =  0  ;  i.  e.,  that  the 
fluid  in  passage  neither  lost  nor  gained 
heat.  The  curve  XL  J]l  follows  the  law 
pv°=p2  tV' =p,  Wj"  ; 

the  curve  U2  U  is  the  adiabatic  line  which 
follows  the  law 

p  o*  =  p.3  v**  : 
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the  curve  IT  Ux  is  the  isodynamic  curve, 
for  which  the  internal  work  U  =  JJ1  is 
constant,  and  which  follows  the  law 
pv=pt  l',. 
The  simplicity  of  the  graphic  process 
is  specially  noteworthy  in  the  case  of 
gases.  The  area  of  v  i\  JJX  C  in  Fig.  36 
is 

Pi  (»i-*D 
in  which  v  is  the  abscissa  of  the  point  of 
iutersection  U.     If  the  ordinate  TJ  u==p; 
then  since  p  v  —pl  vu 

pv-pi  v  =  (p-Pi)u, 
and  this  is  also  the  contents  of  the  rec- 
tangle A  (J  C  A,  in  Figs.  36  and  3c.  The 
entire  dotted  area  in  Fig.  3c  represents 
the  value  h  -\-  W  ;  the  obliquely  dotted 
portion  corresponds  to  the  work  of  resist- 
ance W;  the  horizontally  dotted  portion 
to  the  vis  viva  of  the  unit  weight  of  fluid 
at  the  orifice.  According  to  my  hypo- 
thesis these  two    areas   have  a  constant 

W 
ratio,  and  —  =  £is  the  co-efficient  of  re- 

k 

sistance. 

If  there  were  no  resistance  the  surface 
A2  Uo  Uo  -A-j  would  represent  the  vis  viva 
of  the  moving  fluid,  which  we  indicate  by 
/?„.  Then  the  figure  shows  that  h  <  h0; 
that  is,  resistance  makes  the  actual  less 
than  the  theoretic  discharge.  Again  h 
-f-  W>  h0;  in  this  respect  differing  from 
results  before  obtained.  { Compare  "Weis- 
bach,  who  finds  h  -\-  W  =  h0) :  so  that  my 
value  for  £  is  only  apparently  identical 
with  that  of  Weisbach.  Hence  Weis- 
bach's  experiment  must  be  submitted  to 
a  revisory  calculation,  in  order  to  confirm 
my  formulas  for  practical  use.  This  mat- 
ter will  be  considered  in  another  place, 
where  it  will  be  shown  that  for  efflux 
under  slightly  differing  heads  the  differ- 
ence of  the  values  of  £  is  small. 

Let  us  take  an  example,  in  application. 
Suppose  a  large  vessel  of  atmospheric  air 
in  which  there  is  a  pressure  of  2  atmos- 
pheres, and  from  which  there  is  a  constant 
discharge  through  a  short  cylindric  aju- 
tage of  sectional  area  F  in  square  metres; 
let  the  temperature  of  discharging  vessel 
and  of  receiver  be  Uj=  20°  Celsius  ;  the 
pressure  in  the  receiver  is  1  atmosphere, 
or  the  specific  pressure  px=  10334  kilogs. 
to  the  square  metre. 

For  atmospheric  pressure, 

Cp  =0.23751  and  h ,=1.410  ; 
• .  •  T2=  273  +  1S  =  293°, 
the  absolute  temperature;  and  the  speci- 


0.41497   cubic 


fie  volume,   (Eq.  (7))  v., 
metres. 

Smce  p.,=2.10334  and  A  =  -i- 

suppose  the  value  of  £,  found  by  experi- 
ment, to  be  0.505  ;  then  by  (22)  n  — 
1.2395;  but  if  there  is  no  resistance  »=k 
=1.410. 

In  the  respective  cases  of  resistance 
and  no  resistance  the  values  are 

n     =  fc  =  1.410.  n    =1.2395. 

Vl   =0.67844.  u1=0.725iJl. 

Ti  =239.51.  T1=  256.04 

tt    =  -  33°.49.  ti   =  -  16.96. 

h     =5386.66.  h    =3722.02. 

W  =  325.09.  W  =  270.23. 

The  last  gives  the  ratio  usually  called 
the  co-efficient  of  velocity,  viz.,  0.8312. 

The  weights  of  air  discharged  in  a 
second  (under  hypothesis  of  no  contrac- 
tion) by  (20)  are  respectivelv 

G=  479.172  F,  and  G  =  372.263  F. 

The  ratio  of  the  first  to  the  second 
value  is  0.7769,  which  I  call  the  co- 
efficient of  efflux,  a  term  heretofore  indi- 
cating a  ratio  of  volumes.  After  the  ex- 
pansion of  the  stream  and  the  restoration 
of  equilibrium  the  temperature  in  both 
vessels  is  20o  Celsius;  and  as  the  pres- 
sure is  the  same  the  specific  volume  v^.  is 
the  same  and  vl  =  0.82004  cubic  metres. 
Comparison  with  the  values  v1  at  the  ori- 
fice shows  that  expansion  is  connected 
with  increase  of  volume.  The  total  vol- 
ume of  the  air  discharged  in  a  second  is 
Gv^;  hence  the  ratio  of  volumes  is  the 
same  as  that  of  weights,  viz.,  0.7769.  The 
same  holds  on  comparison  of  the  values 
of  G  v2.  It  follows  that  the  co-efficient 
expressed  in  ratio  of  volumes  depends  on 
the  place  of  measurement;  the  ratios  at 
the  orifice  and  after  expansion  differ. 

It  seems  best,  at  least  for  elastic  fluids, 
to  do  away  with  the  distinctive  terms, 
velocity  and  efflux  co-efficients.  Accord- 
ing to  the  above  investigation  it  is  net 
necessary  first  to  consider  a  case  of 
efflux  without  resistance;  for  resistances 
cause  not  only  an  alteration  in  velocity 
and  quantity,  but  also  an  entire  change 
of  conditions.  If  the  efflux-exponent  n 
for  a  certain  ajutage  is  known,  then  the 
above  formulas  give  all  that  is  necessary, 
without  determination  of  the  so  called 
theoretic  values  depending  on  the  hypo- 
thesis of  no  resistance  ;  a  condition  im- 
possible to  realize,  and  therefore,  of  no 
practical  interest. 

[concluded  in  the  next  number.] 
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(Continued  from  page  656. ) 


APPLICATION  TO  THE  STEAM  ENGINE. — RELATION 
BETWEEN  THE  LATENT  HEAT  OF  EVAPORA- 
TION OF  A  FLUID  AND  THE  DENSITY  AND  PRES- 
SURE OF  ITS  VAPOR. 

22.  Thus  we  see  that  if  a  heat  engine 

be  perfect,  its  efficiency  is  -    '       2    where 

Tx  T2  are  the  temperatures  Fahrenheit, 
between  which  the  engine  works,  or  if 
TJ  be  the  work  done  in  a  given  time,  Q 
the  heat  expended  in  the  same  time, 

-I  i  -     i-2 

hence  the  expenditure  of  heat  per  HP 
per  hour  is  given  by 

Q  =  1,980,000^,'  +4f)1  (foot  pounds)   (1.) 

a  formula  which  gives  the  least  amount  of 
heat  necessary  to  produce  the  given  power, 
so  long  as  we  are  restricted  to  work  with- 
in the  given  limits  of  temperature.  Let 
us  now  consider  what  those  limits  of  tem- 
perature are  in  the  case  of  the  steam  en- 
gine. 

The  inferior  limit  T2  can  in  no  case  be 
less  than  the  temperature  of  the  atmos- 
phere, and  in  the  case  of  the  condensing 
steam  engine  must  be  taken  as  100  deg.  F., 
which  is  the  temperature  of  the  condenser. 
Du  Tremblay,  indeed,  has  virtually  lower- 
ed this  temperature  to  60  deg.  F.,  or  there- 
abouts, by  the  addition  of  an  ether  engine, 
working  between  the  temperature  of  the 
exhaust  steam  and  the  temperature  of 
condensation  of  ether;  but  on  account  of 
the  practical  difficulties  attending  the  use 
of  ether,  this  plan  is  not  likely  to  come  into 
ordinary  use.  In  the  non-condensing  steam 
engine,  T2  is  the  temperature  correspond- 
ing to  the  atmospheric  pressure,  that  is  to 
say,  212  deg.  F. 

The  superior  limit  T!  in  a  simple  steam 
engine,  is  the  temperature  of  the  boiler, 
for  although  the  hot  gases  of  the  furnace 
have  a  vastly  higher  temperature  (say  t), 
yet  the  power  of  turning  heat  into  work, 
due  to  the  difference  of  temperature  t — % 
cannot  be  realized  by  the  arrangements  of 
an  ordinary  steam  engine.  To  see  this 
clearly,  suppose  that  a  fluid  existed  which, 
without  excessive  pressure,  could  be  evap- 
orated at  a  temperature  of  1,000  deg.  F., 
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and  condensed  at  a  temperature  somewhat 
above  that  of  a  steam  boiler,  then  it  is  ob- 
vious that  an  engine  could  be  worked  by 
the  vapor  of  this  liquid,  which  vapor, 
after  exhaustion,  could  be  used  to  supply 
heat  to  the  steam  boiler.  Such  an  arrange- 
ment might  not  be  capable  of  being  practi- 
cally worked,  on  account  of  the  high  tem- 
peratures required,  even  if  the  necessary 
iluid  existed,  but  the  conception  explain* 
clearly  enough  the  principal  reason  why 
the  greater  part  of  the  heat  expended  in 
an  ordinary  steam  engine  cannot  possibly 
be  turned  into  work.  Hence  the  superior 
limit  is,  as  stated  above,  the  temperature 
of  the  boiler,  or,  if  the  engine  work  with 
super-heated  steam,  the  temperature  of 
the  super-heater. 

Some  numerical  results  of  formula  (1) 
will  now  be  given. 

In  the  annexed  table  the  first  column 
gives  the  boiler  pressure  in  atmospheres, 
and  the  last  the  corresponding  tempera- 
ture Fahrenheit;  the  two  other  columns 
give  the  least  amount  of  heat  from  which 
1-horse  power  can  be  produced  for  the 
condensing  and  non-condensing  engines 
respectively.  In  the  condensing  engine  T3 
the  lower  limit  has  been  supposed  100 
deg.  F. 

Heat  required  per  hour  in  a  perfect  engine. 


Atm. 


2 
4 
G 


Condensing. 


9.4011,090 
7.800,000 
7.10  '.090 
0,600,090 


Non-condensina 


3S.000.000 
J  8, 800. 000 
14,600,000 
12,400,009 


Ti. 


249 
2v-l 

o40 


We  can  now  easily  deduce  the  least 
amount  of  steam  necessary  per  horse 
power  per  hour,  for  let  N  be  the  number 
of  pounds  required,  then 

where  Ht  is  the  total  heat  of  evaporation 
of  water  from  the  temperature  of  the  feed- 
water  at  the  temperature  (Tx)  of  the  boiler. 
It  is  here  supposed  that  the  heat  commu- 
nicated to  the  steam  is  all  expended  in  the 
boiler,  and  none  by  means  of  a  hot  air  or 
steam  jacket  or  otherwise,  and  this  must 
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be  so  if  the  engine  is  to  be  theoretical- 
ly perfect,  as  will  be  explained  at  length 
further  on. 

The  annexed  table  gives  the  numerical 
results  of  this  formula  in  the  case  of  the 
condensing  and  non-condensing  engines 
respectively,  it  being  supposed  in  the 
first  case,  that  the  feed  is  taken  from  the 
condenser  so  as  to  have  a  temperature 
of  about  100  deg.  F.,  and  in  the  second 
case  that  the  exhaust  steam  has  been  em- 
ployed to  raise  the  temperature  of  the 
feed  to  about  212  deg.  F. 

Pounds  of  steam  per  hour. 


Atm. 

Condensing. 

Non-condensing. 

Ti. 

2      

11.2 

50.4 

249 

4      

9.2 

24  8 

291 

6      

8  3 

18.9 

318 

8      

7.7 

15.9 

340 

The  results  of  the  first  table  show  us 
that  in  order  to  produce  1.980,000  ft.  lbs. 
of  work  per  hour,  we  must  necessarily  ex- 
pend, under  the  best  circumstances,  at 
least  6,000,000  ft.  lbs.  of  heat,  so  that  f 
of  the  heat  expended  in  a  steam  engine 
is  necessarily  wasted,  the  waste  arising 
from  the  small  range  of  temperature 
within  which  the  engine  works. 

The  available  heat  of  1  lb.  of  average 
coal  burnt  in  an  average  boiler  is  about 
6,000,000  ft.  lbs.,  and  the  consumption  of 


coal  under  the  best  circumstances  should 
be  about  1  lb.  per  HP  per  hour;  the 
smallness  of  this  result,  and  of  the  num- 
bers in  table  2,  which  give  the  quantity 
of  steam  theoretically  necessary,  shows 
us  very  distinctly  that  other  causes  of 
loss  of  efficiency  must  exist,  some  of 
which  will  be  considered  hereafter.  One 
main  cause  of  loss  of  efficiency  is,  that  it 
is  practically  impossible  to  carry  expan- 
sion to  the  extent  to  which  it  theoreti- 
cally should  be,  for  maximum  efficiency. 
23.  Since  in  no  case  can  the  quantity 
of  heat  capable  of  being  turned  into  me- 
chanical energy  exceed  a  limit  depending 
on  the  temperatures  between  which  the 
engine  works,  Zeuner  has  proposed  to 
call  the  efficiency  of  a  heat  engine  the 
fraction  which  the  actual  work  done  by  it 
bears  to  that  available  heat,  so  that,  in 
this  way  of  speaking,  the  efficiency  of  a 
perfect  engine  is  unity.  There  are  some 
advantages  in  this  nomenclature;  but  inas- 
much as  there  is  a  limit  to  the  amount  of 
expansion  which  can  be  employed,  so 
that  we  might  as  well  speak  of  the  available 
heat  in  a  steam  engine  working  within 
given  limits  of  temperature  with  a  given 
grade  of  expansion,  we  have  not  thought 
it  advisable  to  abandon  Rankine's  use  of 
the  word  efficiency.  From  a  passage  in 
the  preface  to  Zeuner's  well-known  trea- 
tise on  "Valve  Gears,"  it  might  be  sup- 
posed that  some  divergence  of  opinion 
existed   between   these  eminent  wx-iters; 


such,  however,  is  not  the  case,  it  is  purely 
a  difference  of  nomenclature. 

24.  We  will  now  consider  the  case  of  a 
steam  engine  working  under  conditions  of 
maximum  efficiency. 


The  figure  shows  the  indicator  diagram 
of  an  engine  of  maximum  efficiency,  O  X 
being  the  line  from  which  pressures  are 
measured,  and  O  Y  the  line  from  which 
volumes  are  measured.     At   the  point  1 
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the  pressure  and  volume  of  1  lb.  of  water 
in  the  boiler  are  represented,  which  water 
during  admission  is  evaporated  at  constant 
pressure,  as  represented  by  the  straight 
line  1  2,  the  other  extremity  2  of  which  re- 
presents the  pressure  and  volume  of  the 
steam  produced.  The  steam  is  then  cut 
off,  and  expansion  takes  place  without  gain 
or  loss  of  heat  till  the  pressure  has  fallen 
to  3,  which  must  be  supposed  the  pressure 
in  a  surface  condenser.  At  the  end  of 
the  stroke  the  piston  returns,  and  con- 
densation takes  place  under  that  same 
constant  pressure. 

So  far  the  diagram  is  exactly  the  same 
as  an  ordinary  indicator  diagram,  in  which 
expansion  has  been  carried  to  its  extreme 
limit,  namely,  till  the  pressure  has  fal- 
len to  the  pressure  of  the  condenser.  But 
now,  instead  of  the  condensation  being 
complete,  we  must  imagine  it  stopped  at 
a  suitable  point  4.  and  the  mixture  of  steam 
and  water  compressed  without  gain  or 
loss  of  heat  until  it  becomes  once  more 
water  of  the  pressure  and  temperature 
of  the  water  in  the  boiler.  Then,  if  we 
suppose  the  condensed  steam  returned 
into  the  boiler,  the  process  may  be  re- 
peated indefinitely. 

Evidently  this  engine  satisfies  the  con- 
ditions of  maximum  efficiency,  for  it  re- 
ceives all  its  heat  at  the  constant  tempe- 
rature (TO  of  the  boiler,  and  rejects  all 
its  heat  at  the  constant  temperature  (T3) 
of  the   condenser.     Hence   its  efficiency 

T,  — T 
must  be  — ^ — -,  but  the  heat  expended  per 

1  lb.  of  steam  is  L1(  the  latent  heat  of 
evaporation  of  water  at  the  absolute  tem- 
perature Tj,  therefore,  we  have  work 
done  per  pound  of  steam  = 

,L,. 


which  work  is  represented  geometrically, 
as  usual  by  the  area  1,  2,  3,  4  of  the  indi- 
cator diagram. 


•.  Area  of  diagram  = 


T, 


'.L,. 


This  equation  leads  to  an  extremely  im- 
portant result,  for  let  us  suppose  that 
TL  is  very  nearly  equal  to  T3,  then  the  area 
of  the  diagram  is  very  nearly 

(Pi  ~Pi)  Vi  s 

where  p[  p3  are  the  pressures  corres- 
ponding to  the  temperatures  Ti  T3  of  satu- 
rated  steam,   t^  the   specific   volume   of 


saturated  steam  at  Tt,  and  8  the  specific 
volume  of  liquid  water.     Then  we  have 

T  — T 
(Pi  -Pa)  (ui  ~s)  =  Li  •      'T 

Proceeding  to  the  limit,  and  omitting  the 
suffixes,  we  see  that 


(u-s)  T 


d  j> 
"cTr 


a  relation  which  must  be  true,  not  merely 
for  water,  but  for  any  fluid  watever.  (See 
Rankine,  Art.  255,  256.) 

By  aid  of  this  equation,  the  work  done 
in  expansion  of  di-y  saturated  steam  can 
be  found  exactly,  that  is,  without  assum- 

ing  the  appoximate  formula  pi)l8  =  con- 
stant.    (See  Rankine,  Art.  287.) 

By  aid  of  this  equation,  also,  the  specific 
volume  of  steam  is  calculable  when  the 
latent  heat  of  evaporation  is  known,  and 
the  law  connecting  its  pressure  with  its 
temperature.  (See  Rankine,  Art.  255,  256.) 
In  the  present  state  of  our  knowledge  it 
does  not  seem  possible  to  obtain  the  den- 
sity of  dry  saturated  steam  in  a  perfectly 
satisfactory  manner.  For  it  seems  to  us 
still  an  open  question,  whether  the  steam 
experimented  on  by  Regnault,  when  deter- 
mining L,  was  accurately  in  this  condition ; 
while,  on  the  other  hand,  it  is  still  more 
difficult  to  feel  satisfied  that  the  steam  of 
Fairbairn  and  Tate  contained  no  moisture 
attaching  itself  to  the  glass  globes  in  which 
the  experiment  was  made.  But  inasmuch 
as  Regnault's  steam  was  formed  under  cir- 
cumstances not  unlike  those  of  actual 
steam  engines,  we  think  the  calculation 
volumes  cannot  be  greatly  in  error  for 
actual  steam. 

We  shall  compare  the  actual  steam  en- 
gine with  the  perfect  steam  engine  further 
on;  our  present  object  has  simply  been  to 
prove  the  above  relation. 

SUPER-SATURATED    STEAM. 

25.  In  an  ordinary  steam  boiler,  the 
steam  produced  almost  always  contains 
more  or  less  water  suspended  in  it,  and  in 
this  state  may  be  said  to  be  super-satura- 
ted. If  we  suppose  that  every  pound  of 
the  steam  consists  of  x  pounds  of  dry  satur- 
ated steam,  and  1 — x  pounds  of  moisture, 
then  x  will  be  a  fraction  which,  for  the 
sake  of  a  name,  we  shall  call  the  dryness 
of  the  steam,  so  that  when  x=l,  the  steam 
will  be  perfectly  dry,  and  when  x=o,  it  will 
be  wholly  water. 

Let  V  be  the  specific   volume  of  steam, 
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the  dryness  of  "\vhieh  is  x,  v  the  specific 
volume  of  dry  saturated  steam,  and  s  the 
specific  volume  of  liquid  water,  then  evi- 
dently, 

V  =  (1  —  x)  s+x  v 

=  X  (v-s)-j-s 

or  if  we  write 

v—s  =u 
V  =  x  u  -f-  s, 

where  u  is  a  quantity  which  may  usually 
be  taken  equal  to  v,  and,  unless  x  be 
small,  s  may  be  neglected  in  comparison 
with  ux,  so  that  approximately 

Y  =  vx 

Now  let  us  suppose  that  one  pound  of 
water  at  tx  is  raised  to  the  temperature  tu 
and  partially  evaporated  under  the  corres- 
ponding pressure,  so  that  steam  is  pro- 
duced, the  dryness  of  which  is  xx.  Assum- 
ing the  specific  heat  of  water  unity,  it  is 
evident  that  the  heat  expended  is 

Q=*772(<1-0+b,  .  L,. 

Also  the  volume  of  the  steam  is  Vx  and  of 
the  water  s,  therefore  the  external  work 
done  is^  (V\ — s)=pvxxu,  and  hence  it 
follows  that  the  heat  expended  in  internal 
work  must  be 

Internal  work  =  772  (t ,  —  i4")  -j-  x^  (Ll  — j>,  wt) 
=  772  {tt-t4)  -f-Pi*! 

where  px  is  the  internal  latent  heat  of  evap- 
oration, the  meaning  of  which  is  explained 
in  7. 

And  farther,  if  steam  of  temperature  tx 
and  dryness  xx  be  changed  into  steam  of 
temperature  /2  and  dryness  x2,  we  shall 
evidently  have  for  the  heat  expended  in 
internal  work  during  the  change, 

Internal  work  =  772  {t2  —  tx)  -\-  p2  x.2  -pl  xx. 
In  conformity  with  the  principle  of  Art.  6, 
which  we  have  so  frequently  used,  this  is 
to  be  regarded  as  the  heat  necessary  to 
produce  the  change  itself;  and  to  obtain 
the  whole  expenditure  of  heat  in  producing 
the  change,  we  have  only  to  add  to  it  the 
heat  expended  in  doing  external  work,  so 
that 

Heat  expended=772  (/.2  —  t ,)  +  p2  x,  —px  xL-\-  ex- 
ternal work. 

26.  We  shall  now  consider  a  case  which 
does  not  occur  in  practice,  but  is  never- 
theless of  great  importance,  namely,  the 
expansion  of  steam  in  a  non-conducting 
non-radiating  cylinder,  that  is,  expansion 
without  gain  or  loss  of  heat. 

Evidently  we  shall  always  have 
772  (i2  — i,)  -\-p2  xs  —pLxt  +  external  work  =  0 


or  differentiating 

772  d  t  -f-  d  {p  x)  +  p  d  V=  0 
bat 

p  =  L  —  p  u  and  V=  xu-\-s 
:  •  772 d  t -f  d  (L x)-d (pux)+pd  (us)=0 

that  is 

772  dt  +d(Lx)-uxdp=:0. 

But  in  21  we  showed  that 

dp 


L=wT 


dl 


where  T  is  the  absolute  temperature 

.-.  772  d t  +  d (L x)  -  ~dt=0. 


Dividing  by  T  and  replacing  d  t  by  d  T. 

1 
T     '    T~ 

that  is 

d  T   ,    ,  /-L  a- 


772^  + 


d(Lx)-^d 


nrk  d  T    ,     ,  /-L  cr\ 


whence  integrating  we  get 
La 


772  log  T  -f 


T 


constant     (1) 


Suppose  the  steam  to  change  from  the 
pressui'e  and  volume  corresponding  to 
Ti,  to  the  pressure  and  volume  corres- 
ponding to  T,  then  evidently 

La;      L,  or,  .      T, 

i-=^r+772l0gT 

or 


T  rL,  *, 


T,- 


=tee+™°^) 


(2.) 


dp 


Since  L=  v  T  -1^1  and  Y  =  v  x  approxi- 
mately,* we  get  for  the  volume  of  the 
steam, 

1 


V=dp(«l*l^+,7721pg 


dT, 


1) 


(3.) 


in  accordance  with  the  expression  obtain- 
ed by  Rankine  in  Art.  281  of  his  work,  in 
which  it  is  to  be  remarked,  that  L  does 
not  mean  the  same  thing  as  the  L  which 
we  have  just  been  using. 

The  last  equation  enables  us  to  find  the 
volume  of  steam  which  has  expanded,  until 
its  pressure  has  fallen  from  px  top,  for  T  and 
d  p 

are  both  functions  of  p  ;  the  converse 


dT 
problem,  however,  namely,  to   find  pwhen 

*The  exact  result  is  easily  written  down,  but  the  error  of 
the  approximation  is  of  the  same  order  as  that  introduced  by 
supposing  the  specific  heat  of  water  unity  as  has  been  done 
above.  An  exact  investigation  is  given  by  Zeuuor,  but  it  is 
useless  to  give  it  here,  as  special  tables  are  required  in  com- 
puting numerical  results. 
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the  final  volume  is  given,  can  only  be  solv- 
ed by  trial,  on  account  of  the  transcenden- 
tal form  of  the  equation,  and  it  is  therefore 
desirable  to  find  a  formula  connecting  p 
and  V  directly.  This  was  first  done  by 
Rankine,  who  found  by  numerical  calcu- 
lations from  equation  (3),  that  the  expan- 
sion curve  was  given  approximately  by  the 
equation  p  V=constant  where  n  is  an  index 

to  which  he  ascribed  the  value  — =1  .  111. 

Zeuner  has  re-examined  the  question, 
apparently  with  great  care  and  accuracy, 
and  agrees  with  Rankine  in  the  form  of 
formula,  but  ascribes  to  the  index  n  a  vari- 
able value,  namely, 

n  =  1  .  035  +  -|l- 

depending  upon  the  dryness  of  the  steam 
in  its  original  condition,  with  which  modi- 
fication he  finds  the  formula  gives  results 
agreeing  well  with  equation  (3),  so  long 
as  the  steam  does  not  contain  initially 
more    than    30    per   cent,    of    moisture. 

According  to  Zeuner,  then,  the  equa- 
tion to  the  adiabatic  curve  is  p,V1-136== 
constant  when  the  steam  is  originally  dry, 
and  p  V1105  =  constant  when  the  steam 
originally  contains  30  per  cent,  of  moist- 
ure, while  for  intermediate  states  of  the 
steam,  the  adiabatic  curve  lies  between 
the  two  curves  given  by  these  equations. 
If  n  =  ls  we  have  the  common  rectangu- 
lar hyperbola,  and  whenever  n  >  1,  the 
curve  represented  by  pY"=a  constant 
falls  below  the  hyperbola.  Zeuner's  con- 
clusion therefore  is,  that  the  adiabatic 
curve  falls  below  the  hyperbola,  but  ap- 
proaches it  the  more  nearly,  the  greater 
the  amount  of  moisture  in  the  steam.  We 
shall  return  to  this  presently. 

27.  We  can  now  find  the  work  done 
during  the  expansion  of  super-heated 
steam  in  a  non-conducting  non-radiating 
cylinder,  for  evidently  we  have 

External  work=  772  (<x  — 12)  -J-  p2  xL  —ps  x2 

where  the  suffix  1  refers  to  the  steam  just 
before  expansion  commences,  and  the 
suffix  2  to  the  steam  at  the  end  of  the 
expansion.  But  x2  is  found  from  equation 
(2)  of  the  last  article,  and 

p,=Ij1~1>jV1        :       p2  =Lz-p2  v% 

hence,  by  substitution,  we  obtain  the  work 
done  during  expansion  of  the  steam,  to 
which  we  must  add  the  work  done  dur- 
ing admission  of  the  steam,  namely,  px  vx 


xu  in  order  to  get  the  whole  energy  exerted 
on  the  piston.  The  same  result  is  ob- 
tained by  integrating  equation  (3),  and 
adding  p2  v2  x2.  (See  Rankine,  Art.  284.) 

An  approximate  result  is  likewise  ob- 
tainable by  finding  the  mean  pressure,  on 
the  assumption  that  the  expansion  curve 
is  of  the  form  23Vn=cons^ant. 

The  complete  calculations  of  Rankine 
(Art.  284),  on  the  supposition  that  ■xl=l, 
will  be  found  to  present  no  difficulty,  and 
can  be  easily  modified  to  suit  the  case 
when  xl  is  not  unity. 

28.  In  an  actual  steam  cylinder,  well 
clothed  so  as  not  sensibly  to  radiate  heat, 
but  not  provided  with  a  steam  jacket  to 
communicate  heat  to  the  steam,  the  cir- 
cumstances of  the  expansion  are  not  the 
same  as  those  just  supposed,  for  although 
on  the  ivhole  no  heat  is  gained  or  lost  by 
the  steam,  yet  evidently  at  the  begiunir.g 
of  the  stroke,  heat  is  abstracted  from  the 
steam,  and  at  the  end  of  the  stroke,  heat 
is  given  out  to  the  steam,  the  temperature 
of  the  cylinder  having  some  value  inter- 
mediate between  the  greatest  and  least 
temperatures  of  the  steam.  If  the  law 
according  to  which  the  cylinder  exchan- 
ges heat  with  the  steam  were  known,  ifc 
might  be  possible  to  find  the  expansion 
curve  and  the  final  pressure  of  the  steam. 


No  attempt  has  yet  been  made  to  do  this; 
but  we  see  that  the  general  effect  on  the 
curve  must  be  as  shown  in  the  figure, 
where  A  C  B  is  the  adiabatic  expansion 
curve  and  A  Cl  Bl  the  actual  expansion 
curve;  the  pressure  in  the  actual  curve 
will  fall  more  rapidly   than  in   the   adia- 
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batic  curve  at  the  commencement  of  the 
expansion,  and  less  rapidly  at  the  end  of 
the  expansion.  The  question  whether  the 
final  pressure  can  ever  rise  (as  shown  in 
the  figure)  above  its  value  in  theadiabatic 
curve,  will  be  considered  presently. 

29.  The  expenditure  of  heat  in  an  engine 
working  with  super-saturated  steam, 
whether  provided  with  a  jacket  or  not, 
may  be  found  thus: — 

The  heat  expended  in  internal  work, 
when  a  pound  of  water  at  t4  is  changed  into 
steam  of  temperature  L  and  dryness  x2,  is 
given  by  (see  Art.  25) 

Internal  work  =  772  (t2  —  t^  -\-p2  x2 
.  • .  Pleat  expended  =  772  Q2  —  O+P2  x2 
-j-externai  work,   and  hence  if  V2  be   the 
final  vojume  of  the  steam  in  a  steam  cy- 
linder, the  pressure  equivalent  to  the  ex- 
penditure of  heat  is  given  by 

772  (f4-f4) 


p»  = 


+  ^+P- 


but  V2=  v2x2  approximately  where  v2  as 
usual  is  the  specific  volume  of  dry  satu- 
rated steam,  and  therefore 


772  (to-ti 


)      Ls 


+  P™  ~Vi 


where  L2  is  as  usual  the  latent  heat  of 
evaporation  of  water  at  temperature  t„. 

This  formula  becomes  identical  with  the 
one  formerly  given  for  dry  saturated 
steam  if  x„=\,  and  we  might  reduce  it  to 
a  simpler  form  in  the  same  way  as  was 
done  in  Art.  13. 

We  can  now,  as  in  Art.  12,  distinguish 
between  the  heat  supplied  in  the  boiler 
and  the  heat  supplied  otherwise,  for 
let  x  be  the  dryness  of  the  boiler  steam, 
t,  its  temperature,  then  the  heat  supplied 
during  evaporation  per  lb.  of  steam 
must  be 

772(*L-*4)  +  a5a  Lt 

and  the  pressure   equivalent  to  this  heat 

1S  _  772  (tx  -/,)-)  S.L 

x2  vs 

The  remainder  ph—p\  is  the  heat  supplied 
by  a  steam  or  hot-air  jacket  to  the  steam 
while  in  the  cylinder,  which  heat  is  given 
by 


Ph  -pV 


-r  Pv 


Pz- 


772  (tj  -t2) 


For  example,  let  there  be   no   jacket, 
then 

x2  Lj-sBjLi  +  (pm-p2)x2  t'2  =  772(<1-<2) 


whence 


772(/,-f8)+a:IL, 


(1-) 


^■2+{Pm-'P-:)Vt 

an  equation  which  enables  us  to  find  the 
dryness  of  the  steam  at  the  end  of  the 
expansion,  if  the  final  pressure  of  the 
steam  be  known,  the  mean  pressure,  and 
the  original  state  of  the  steam.  These 
quantities,  except  the  original  dryness  of 
the  steam,  can  be  found  from  an  indicator 
diagram.  Two  methods  have  been  used 
by  Hirn  to  determine  xu  by  using  salt 
water  and  observing  the  amount  of  salt 
in  the  condensed  steam,  another  by  ob- 
serving the  heat  given  out  when  the  steam 
is  condensed  ;  in  this  last  method  care 
must  be  taken  to  observe  with  exactness 
the  circumstances  of  condensation,  other- 
wise the  results  will  be  worthless.  (Comp. 
Art.  6.)  Supposing  this  difficulty  over- 
come, comparison  of  the  above  formula 
with  experiment  would  throw  a  good  deal 
of  light  on  the  action  of  the  sides  of  the 
cylinder,  a  question  about  which  much  is 
said,  but  little  is  accurately  known. 

The  dryness  of  the  steam  at  the  com- 
mencement of  the  expansion  is  found 
from  x2  by  considering  that 

x2v2  =  rxii  u,  (very  approximately) 

where  r  is  the  ratio  of  expansion  and  xl 
is  that  dryness,  which  of  course  is  less 
than  x,  since,  during  admission,  steam  is 
condensed. 

30.  Till  more  is  known  of  the  action  of 
the  sides  of  the  cylinder,  it  is  impos- 
sible to  say  whether  it  is  possible  for 
.  the  final  pressure  of  the  steam  to  rise 
above  what  it  would  be  if  the  expansion 
curve  were  an  hyperbola,  as  it  has  been 
sometimes  supposed  to  do  by  observa- 
tion of  indicator  diagrams. 

If  the  sides  of  the  cylinder  had  no  sen- 
sible action,  and  the  cylinder  were  not 
jacketed,  Zeuner's  calculations  mentioned 
above  show  that  the  curve  approaches  the 
hyperbola  the  more  moisture  the  steam 
contains,  and  hence  Zeuner  concludes  that 
the  action  of  the  sides  of  the  cylinder 
has  been  over-estimated.  This,  however, 
would  not  account  for  the  cases  in  which 
the  curve  has  been  supposed  to  rise  up  to 
and  above  the  hyperbola  ;  in  a  jacketed 
cylinder  this  no  doubt  might  happen,  if 
the  steam  were  originally  moist  ;  in  an 
unjacketed  cylinder  the  question  cannot 
at  present  be  answered  positively. 

In  actual  indicator  diagrams  the  reader 
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must  remember  that  leakage  of  the  valves 
frequently  takes  place,  and  we  think  it 
possible  that  in  some  cases  the  effect  of 
clearance  may  have  been  overlooked, 
which  effect  is  very  considerable  at  high 
rates  of  expansion. 

If  the  curve  be  supposed  an  equilateral 
hyperbola,  the  formula  of  Art.  20  enables 
us  to  find  the  dryness  of  the  steam  at  the 
end  of  the  admission  and  at  the  end  of 
the  expansion  ;  but  a  small  deviation  from 
the  hyperbolic  form  will  produce  a  con- 
siderable difference  in  the  results. 

31.  In  the  foregoing  articles  we  have 
neglected  the  cooling  of  the  cylinder  by 
radiation  to  external  bodies,  and  to  the 
exhaust.steam  during  the  return  stroke, 
while  on  the  other  hand  we  have  also 
neglected  the  effect  produced  by  piston 
friction  and  by  wire-drawing. 

SUPER-HEATED    STEAM. 

32.  The  hypothesis  that  super-heated 
steam  is  a  perfect  gas,  is  known  to  be  in- 
accurate even  at  temperatures  of  30  deg. 
to  50  deg.  F.  above  the  saturation  point. 
Hi'rn  has  attempted  to  find  a  law  to  which 
steam  should  be  subject  when  in  the  in- 
termediate condition  between  perfectly 
gaseous  steam  and  saturated  steam.  The 
reader  who  is  interested  in  this  subject 
should  refer  to  Hi'rn's  work,  or  to  the 
chapter  on  super-heated  steam  in  Zeuner. 

CAUSES  OF  LOSS  OF  EFFIENCY  IN  A  STEAM  EN- 
GINE. 

33.  The  principal  causes  of  loss  of  effi- 
ciency in  a  steam  engine  may  be  enumer- 
ated as  follows  : — 

(1.)  Loss  from  the  narrow  limits  of 
temperature  within  which  the  engine 
works. 

(2.)  Loss  from  the  process  imperfectly 
satisfying  the  conditions  of  maximum 
efficiency. 

(3.)  Loss  from  resistance  of  passages. 

(4.)  Loss  from  friction  of  mechanism. 

(5.)  Loss  by  cleai-ance. 

(6.)  Loss  by  radiation  to  external  bo- 
dies. 
_  The  first  of  these  causes  of  loss  of  effi- 
ciency is  fully  considered  in  Article  22, 
the  consideration  of  the  last  four  is  pre- 
cluded by  the  plan  of  the  present  publi- 
cation, and  there  remains  for  considera- 
tion only  the  second  cause  of  loss,  which 
is  the  subject  of  the  two  succeeding  ar- 
ticles. 


34.  In  order   that  a  heat   engine  may 
realize  the  maximum    efficiency   of  which 

T  — T 
it  is  capable  — ! — ,  the   process  which 

the  fluid  undergoes  must  satisfy  the  con- 
ditions of  maximum  efficiency,  that  is — 
The  fluid  must  receive  heat  at  one  constant 
temperature,  and  reject  heat  at  another  con- 
stant temperature.  In  the  steam  engine, 
when  working  under  the  most  favorable 
conceivable  circumstances,  this  condition 
is  nearly  but  not  exactly  satisfied.  For 
let  us  suppose  that  the  ratio  of  expansion 
is  such  that  the  steam,  after  being  cut  off, 
expands  until  the  pressure  has  fallen  from 
the  pressure  in  the  boiler  to  the  pressure 
in  the  condenser,  and  that  that  pressure 
corresponds  to  the  temperature  of  the 
condenser,  which  in  practice  is  not  exactly 
the  case,  on  account  of  the  air  contained 
in  the  steam;  let  us  further  suppose  that 
the  valves  work  perfectly,  and  that  there 
is  no  loss  by  resistance  of  the  exhaust  pas- 
sages, so  that  the  back  pressure  consists 
solely  of  the  pressure  corresponding  to 
the  temperature  of  the  condenser:  then 
the  steam  rejects  heat  at  one  constant 
temperature,  and  thus  one  condition  is 
exactly  satisfied.  The  other  condition  is 
only  approximately  so,  for  although  satis- 
fied while  the  water  is  being  evaporated 
in  the  boiler,  it  is  not  satisfied  while  the 
water  is  being  admitted  into  the  boiler, 
and  its  temperature  raised  from  the  tem- 
perature of  the  feed  to  the  temperature 
of  the  boiler:  it  is  the  loss  occasioned  in 
this  way  that  we  shall  here  investigate. 
Supposing,  as  usual 

Tx  =  absolute  temperature  at  admission. 

T2  =         "         "         "         "     end  of  expansion. 

Pj,  p2,  the  corresponding  pressures. 

'x-i  x2  the  weight  of  pure  steam  in  1  lb.  of 
the  actual  steam  at  beginning  and  end  of 
expansion. 

L\  the  latent  heat  of  evaporation  of  water 
at  Tl5  then  we  know  that  the  external  work 
done,  when  1  lb.  of  water  is  evaporated 
and  expanded  from  pressure px  to  pressure 
Pi,  is— 


U1  =  L1* 


T,-T3 


+  772  (Tl  -T2)-772  T2  log- 


T, 


T,       '    '  — v-i        -'     ■•-     -  ~»'j 

but  we  know  that  the  greatest  amount  of 
work  obtainable  from  a  given  amount  of 
heat  Q  is 

T,-T, 


U  = 


Tx 


and  if  we  take  Q  equal  to  the  total  heat 
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of  evaporation  of  water  from  T2  at  Tt  we 
get 

U  = 


^(L.x,  +772(T,-T2)) 


It  is  now  evident  that  U-TJ1  is  the 
work  lost  from  the  process  not  fulfilling 
the  conditions  of  maximum  efficiency. 

C'(Tl-T2) 


U-UJ=772T2 


J-  9 


I'l 


Dividing  by  U  we  get  for  the  percentage 
of  loss  by  imperfection  of  the  process 


U-U1 


7;2T,  (^-^) 

Ti-^(l,x1+772(T,-T2)) 


this  formula  likewise  serves  for  the  high- 
pressure  engine,  in  which  T2  corresponds 
with  212°  F. 

As  a  numerical  example,  suppose  a 
high-pressure  engine  working  at  a  pres- 
sure of  5  atmospheres,  which  corresponds 
to  T1=767°  F. ;  also,  suppose  the  steam 
from  the  boiler  to  be  exactlv  saturated, 
that  is,  ^=1,  then,  since  T2=212°  F.-f- 
461°=C73°  F. 

U-U.       772><6730O^-7^) 


u 


but 


y± 

7b 


r(x  Hx=»768,02l) 


767 
bV3 

U-Ul 


log 


==  .133 


S4 

7b7 
772  X  673  X  11 


=  .  12S 


r=   .   044 


U       —    122X768,021 

In  this  case,  then,  the  loss  by  imperfec- 
tion of  the  process  is  about  4-^  per  cent, 
of  the  available  heat,  a  loss  which  is 
somewhat  increased  if  the  steam  be  not 
e  cae tlv  saturated  initially.  The  effect  is,  as 
might  be  expected,  greater  in  condensing 
engines,  and  at  pressures  of  120  lbs.  and  up- 
wards rises  to  10  per  cent.  If  the  feed- 
water  be  at  a  lower  temperature  than  the 
tondensing  steam,  the  effect  is  of  course 
greater  still. 

To  see  how  this  loss  of  work  might 
theoretically  be  remedied,  we  must  con- 
sider the  difference  between  the  actual 
series  of  operations  on  the  steam  and  the 
series  supposed  in  a  perfect  heat  engine. 
In  a  perfect  heat  engine  the  fluid  receives 
heat  at  constant  temperature,  expands 
without  gain  or  loss  of  heat,  rejects  heat 
at  constant  temperature,  and  then  is  com- 
pressed without  gain  or  loss  of  heat  till 
finally  it  arrives  at   its   initial  condition. 


It  is  this  last  part  of  the  process  which  is 
omitted  in  the  steam  engine;  theoretically, 
instead  of  forcing  water  into  the  boiler, 
we  ought  to  take  the  exhaust  steam  a 
little  before  it  is  all  condensed,  and  com- 
press it  without  gain  or  loss  of  heat  until 
it  is  all  condensed  into  water  of  the  tem- 
perature of  the  boiler.  It  is  true  that 
work  would  be  spent  in  producing  this 
compression,  and  this  work  would  be 
greater  than  that  lost  in  working  an  ordi- 
nary feed-pump;  but  the  heat  necessary 
to  raise  the  temperature  of  the  feed-water 
would  be  saved,  and  putting  aside  fric- 
tion, the  heat  so  saved  would  be  greater 
than  the  work  so  spent  by  just  the 
amount  lost  by  the  imperfection  of  the 
process. 

On  the  whole,  however,  this  cause  of 
loss  is  an  unimportant  one  compared  with 
others,  such  as,  for  instance,  that  which  we 
next  consider,  namely,  that  due  to  incom- 
plete expansion. 

35.  The  expansion  may  be  said  to  be 
complete  when  it  is  so  great  that  the  final 
presssure  of  the  steam  is  that  of  the  con- 
denser (or  atmosphere);  when  this  is  not 
the  case,  the  condition  of  maximum 
efficiency,  that  the  steam  should  reject 
heat  at  a  constant  temperature,  is 
violated,  and  a  loss  arises.  Nevertheless  it 
is  seldom  or  never  possible  to  employ  so 
great  an   expansion    without  introducing 


evils  greater  than  the  advantage  gained. 
Iu  practice,  a  different  ratio  of  expansion, 
r,  must  be  employed,  and  the  loss  so  aris- 
ing may  be  thus  estimated: — The  work 
done  by  1  lb.  of  steam,  admitted  at  pres- 
sure pl  and  expanded  r  times,  is  repre- 
sented by  the  area  A  N  D  F  E  in  the 
figure  in  which  C  F  represents  p4,  and  A 
E  represents  pt;  and  if  the  expansion  curve 
be  pu'l=constant,  that  area  is  given  by 

where  V\  is  the  specific  volume  of  the 
steam  originally,  which,  when  the  steam 
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is  exactly  saturated  initially,  is  simply  vv 
Subtract  from  this  the  area  BCFE  due 
to  back  pressure,  which,  for  the  present 
pur-pose,  is  supposed  simply  that  corre- 
sponding to  the  condenser  temperature, 
and  we  get 

which  is  the  actual  work  done  by  1  lb.  of 
steam  on    the   suppositions   made. 

The  maximum  amount  of  work  available 
is  given  by 


U= 


T.-T, 


ihlx1+7T2{kTl-TA)) 


T,-Td 


II, 


the  suffix  4  now  corresponding  to  the 
condenser  temperature  ;  hence  the  loss 
is  U  —  U'"  and  the  percentage  of  the 
available  heat  lost  from  this  cause  is 
given  by 


=1- 


U-U'" 

u 

T, 

T,'i, 

"      H, 

U'" 


T, 
T 


-sr— H, 


a~r 


Pi 


\  si —  i  p 

This  loss  includes  the  loss  by  imperfection 
of  the  process  of  the  last  article,  and  sup- 
poses the  feed-water  to  have  the  tempe- 
rature (T4)  of  the  condenser  or  atmos- 
phere, as  the  case  may  be. 

As  a  numerical  example,  suppose  an  ei> 
gine  working  with  boiler  pressure  4|  at- 
mospheres, condenser  pressure  T\j-  atmos- 
phere, ratio  of  expansion  6,  let  the  steam 
be  originally  saturated,  in  which  case 
y 
?t=1.035+  —y-  =  1.135  (Ztsuner's  formula). 

and  we  have  thence 


»-(40' 


,2.6;  Tl=760°;T+=115°-f-461=576 


Vt  =  u,  =0.2  cubic  feet;  K  =  906000 -62000 
pl=6b  =314000 


U-U'"       _76X  66x144  x>'52 


U 


18lX*44UtlO 
-1-  .  713=  .  287, 


.('■-*) 


The  causes  of  loss  explained  in  this  and 
the  last  article,  may  be  conveniently  class- 
ed together,  and  described  as  the  loss  oc- 
casioned by  the  conditions  of  maximum 
efficiency  being  imperfectly  satisfied.  In 
the  numerical  example  just  given,  we  see 
that  29  per  cent,  of  the  available  heat  is 
lost  in  this  way,  and  it  is,  in  fact,  always  a 


very  considerable  cause  of  loss  of  efficien- 
cy-* 

FUNDAMENTAL  FORMULA  FOR  THE  FLOW  OF 
GASES. 

36.  The  outflow  of  gases  and  vapors 
from  a  pipe  or  orifice  is  a  very  important 
cpiestion,  and  will  now  be  briefly  consider- 
ed. 

Two  elementary  methods  of  proving  the 
fundamental  formula  are  given  by  Zeu- 
ner,  both  of  which  are  worthy  of  men- 
tion. 

First  Method. — Conceive  two  cylinders 
A  and  B  of  different  sizes,  and  two  pistons 
moving  in  them;  B  is  indefinitely  less  than 
A,  and  moves  with  a  velocity  u, '  while  A's 
motion  is  very  slow.  Let  the  piston  pres- 
sures be  px  and  p2. 

Every  element  of  the  fluid  contained 
between  the  pistons  changes  its  pressure 
from  px  to  p.,  in  passing  from  A  to  B.  Sup- 
pose lib  to  pass,  and  let  its  volume  while 
in  A  be  v1}  and  when  in  B  v2,  then  the 
work  done  by  the  expansion  of  that  pound 

as  it  passes  from  A  to  B  is/    *pdv.     Also 

A's  piston  sweeps  through  the  volume 
vv  during  the  passage  of  the  1  lb.,  and  the 
work  done  on  the  piston  by  the  pressure 
px  is  consequently  pv  vt.  Hence  the  work 
done  by  and  upon  the  fluid  during  the 
passage  of  each  pound  from  A  to  B  is 

Piui+/    2pdv. 

Now  this  amount  of  mechanical  energy 
is  spent,  first,  in  generating  vis  viva  in  the 
fluid;  secondly,  in  overcoming  the  pressure 
on  B's  piston. 

••PiVi  +  l       P<lv  =  -j-+p2vt 
=  -  Pzvi+phvi+  fv*pdv 


or 


a.s 


=  -  fP* 


d  v  p 


Second  Method. — The  foregoing  method 
is  based  on  mechanical  principles  solely, 
but  it  is  preferable  to  reason  thus : 

Unity  of  weight  is  conceived  to  be  at 
rest  in  the  cylinder  A  under  the  pressure 
pl}  and  then  to  pass  into  the  cylinder  B, 
where  it  is  moving  with  velocity  u,  and  is 
under  the  pressure  p2. 

Let  us  suppose  that  its  internal  work  is 

*  The  numerical  examples  of  this  article  and  the  last  are 
taken  from  Zeuner's  work,  from  which  also  the  articles  them- 
selves are  condensed  with  some  modilicalions. 
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changed  by  a  quantity  I,  which  is  known 
when  the  change  of  pressure  and  volume 
are  known,  and  which  quantity  is,  as  be- 
fore explained,  independent  of  the  way  in 
which  the  change  has  been  produced.  Let 
us  further  imagine  that  a  heat  Q  has  been 
applied  during  the  passage  from  A  to  B. 

Now,  first  consider  the  Avhole  mass  of 
fluid  between  the  pistons;  the  external 
work  done  by  it  is 

Pi   V2-px  «! 

and  the  change  of  internal  work  is  I,  since 
all  tbe  fluid,  except  the  quantity  actually 
passed  from  A  to  B,  is  in  the  same  state  as 
before.     Also  the  semi- vis  viva  generated 

We  have,  therefore, 


2<7 


T     I  U  I 


But  considering  the  1  lb.    only,  we   evi- 
dently have 

q=i+  rs*« 

Hence,  as  before, 

2y  J  p, 
No  use,  of  course,  can  be  made  of  this 
equation  till  we  know  the  law  according  to 
which  v  varies  with  p.  The  application  to 
the  flow  of  gases  is  given  in  Rankine's 
"Applied  Mechanics,"  Arts.  637,  637a. 
The  application  to  the  outflow  of  steam, 
more  especially  with  reference  to  Napier's 
experiments,  is  given  in  an  article  by  Ran- 
kine,  in  the  "Engineer"  of  November  26th, 
and  December  3d,  1869. 


ROLLING  vs.  HAMMERING  INGOTS.* 


By  A.  L.  HOLLEY  Esq. 


In  order  to  put  sufficient  work  on  steel 
ingots  for  rails,  they  must  be  reduced 
from  about  12  in.  sq.  As  this  cannot  be 
done  at  one  heat  they  are  first  drawn 
down  to  about  7  in.  sq.,  and  then  reheated 
and  rolled  into  rails.  This  first  reduc- 
tion, or  "blooming,"  is  usually  done  in  this 
country  in  a  30  in.  3-high  rolling  mill,  with 
movable  rolls,  so  as  to  get  several  reduc- 
tions in  each  set  of  grooves.  The  first  of 
these  mills  has  been  running  at  the  Troy 
Steel  Works  above  a  year,  with  great  suc- 
cess. Another  at  the  Cambria  Iron  Works 
has  been  running  above  6  months,  and 
has  produced  140  tons  of  rail  blooms  from 
12  in.  ingots  in  24  hours.  The  mill  was 
not  then  fully  employed,  the  limit  of  capa- 
city being  a  single  Siemens  heating  fur- 
nace. 

The  practice  is  now  being  introduced  of 
rolling  long  12x14  in.  ingots,  instead  of 
short  12x12  in.  ingots,  thus  producing  3 
rail  blooms  at  one  rolling,  instead  of  two, 
and  saving  largely  in  labor  and  fag-ends. 
As  tbe  handling  of  the  piece  at  the  rolls, 
and  indeed  its  charging  and  discharging 
at  the  furnaces,  are  performed  by  steam 
power,  the  large  ingot  requires  no  more 
men  than  the  small  one.  The  ca- 
pacity of  a  blooming  mill,  rolling  3-rail 
ingots,  may  be  safely  put  at  200  tons  per 
day. 

*  From  a  paper  read  before  the  American   Institute  of  Min- 
ing Engineers  at  Philadelphia,  February,  1872. 


In  England,  and  also  at  the  Pennsyl- 
vania Steel  Works  at  Harrisburg,  the  rail 
ingots  are  reduced  to  blooms  by  hammer- 
ing, usually  under  10  to  15  ton  hammers. 
The  13  ton  hammer  at  Harrisburg  is  a 
first  class  tool  and  the  practice  with  it  is 
usually  good.  Its  maximum  production 
is  about  75  tons  of  blooms  per  day,  or 
much  less  than  half  that  of  a  rolling  mill 
which  cost,  with  its  engine,  about  the  same 
money.  A  smaller  number  of  men  and 
less  skilled  and  high  priced  men  are  em- 
ployed at  the  rolling  mill.  By  the  use  of 
Mr.  Fritz's  feeding  tables,  the  labor  at 
the  rolls  is  reduced  to  little  more  than 
directing  the  operations  of  the  machinery. 

Three  rail  ingots  cannot  be  advanta- 
geously handled  under  a  hammer. 

The  impression  has  heretofore  existed 
among  railway  men,  that  the  quality  of 
what  they  call  hammered  rails  is  superior 
to  that  of  rolled  rails.  The  use  of  the  rails 
has  not  developed  this  impression  so  far 
as  can  be  ascertained.  The  impression  is 
not  founded  on  the  fact  that  iron  is  im- 
proved by  hammering  and  that  the  high- 
est priced  steel — such  as  tool  steel — is 
hammered  rather  than  rolled. 

It  is  true  that  the  pressure  of  the  ham- 
mer is  greater  and  more  concentrated 
than  that  of  the  light  rolls  usually  employed, 
and  that  the  hammer  may  expel  more 
cinder,  in  the  early  stages  of  iron  manu- 
facture.    The  real  reason  why  the   ham- 
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mer  is  used  in  iron  mills,  however,  is  be- 
cause it  will  work  large  and  hard  puddle 
balls  and  piles  for  which  there  is  no  ade- 
quate rolling  machinery  at  hand.  That 
roils  are  preferred  to  hammers,  even  for 
iron,  in  the  most  improved  practice,  is 
shown  by  the  introduction  of  very  heavy 
squeezers  instead  of  hammers,  for  redu- 
cing the  large  puddle  balls  of  the  Danks' 
furnace. 

The  hammer  certainly  increases  the 
density  of  the  iron  or  steel  bar,  as  com- 
pared with  rolling.  The  rolls  crowd  the 
fibres  back,  as  well  as  towards  the  centre; 
the  action  of  the  hammer  is  exclusively 
towards  the  centre.  This  is  conspicu- 
ously shown  in  treating  large  ingots.  The 
velocity  of  the  hammer  is  greater  than 
that  of  the  periphery  of  the  roll,  hence  the 
effect  of  its  impact  is  greater  on  the  sur- 
face of  the  ingot,  while  that  of  the  rolls 
is  more  distributed  throughout  the  thick- 
ness of  the  ingot.  It  would  therefore  be 
supposed  that  the  hammer  would  draw 
the  surface  of  the  ingot  so  much  as  to 
leave  concavities  in  its  ends.  The  rolled 
bloom  is  cup-ended,  although  it  is  more 
uniformly  condensed  than  the  hammered 
bloom.  The  result  of  this  must  be,  and 
the  fact  is,  that  the  rolled  ingot  is  less 
dense;  it  weighs  less  per  cubic  in.,  but  at 
the  same  time  it  is  more  uniform  in  struc- 
ture. Now  this  density  does  not  pro- 
mote toughness  in  steel,  whatever  it  may 
do  in  iron,  while  uniformity  does  promote 
toughness,  and  this  is  the  quality  to  be 
most  carefully  looked  after  in  the  steel 
rail  manufacture.  Nearly  all  steel  rails 
are  hard  enough  for  wearing  purposes, 
and  their  hardness  can  be  increased  by 
chemical  means,  with  the  greatest  uni- 
formity and  convenience — indeed  the 
trouble  is  to  sufficiently  keep  down  phos- 
phorus, silicon,  and  other  hardening 
agents. 

It  is  stated  that  the  carbon  in  hammer- 
ed steel  is  chemically  combined,  while 
that  in  rolled  steel  is  graphitic.  If  this  is 
the  fact  in  regard  to  rails,  it  is  a  strong 
argument  in  favor  of  rolling.  As  we  have 
just  observed,  steel-makers  with  the  irons 
they  have  find  difficulty  enough  in  mak- 
ing their  rails  mild  and  though,  without 
being  subjected  to  the  additional  embar- 
rassment of  chemically  combined  carbon. 
It  is  well  known  that  the  tool-maker's 
process  of  hardening  is  simply  combining 
the  carbon,   while  annealing — that  safety 


process  to  which  boiler  plates  and  for- 
gings  are  subjected  to  give  them  tough- 
ness, consists  in  simply  rendering  this 
carbon  graphitic — the  same  thing  that 
rolling  is  said  to  do. 

But,  in  fact,  rail-makers  are  not  em- 
barrassed by  the  hardening  process  imput- 
ed to  hammering,  because  there  is  no  such 
thing  as  a  hammered  rail,  or  as  a  struc- 
tural condition  of  rail  due  to  hammering. 
Whatever  the  condition  of  carbon  in  a 
hammered  bloom,  it  is  graphitic  in  the 
rolled  rail.  The  reheating  of  the  bloom, 
and  its  subsequent  treatment  by  rolling 
alone,  probably  leave  the  physical  condi- 
tion of  the  steel  substantially  the  same  as 
if  it  had  been  rolled  rather  than  ham- 
mered before  reheating — excepting  only 
the  condition  before  mentioned,  due  to 
the  character  of  the  pressure — the  rolled 
steel  is  less  denses  and  is  more  uniform. 
This  uniformity  is  further  increased  by 
the  fact  that  the  temperature  of  a  rolled 
ingot  is  practically  the  same  at  each  pass, 
while  the  hammered  ingot  is  reduced  at 
varying  temperatures. 

A  very  large  number  of  experiments 
have  been  made,  at  Troy  and  Johnstown, 
on  rolled  and  hammered  ingots  from  the 
same  steel,  and  although  the  results  con- 
firm the  above  reasoning,  rather  than 
contradict  it,  the  difference  in  the  quality 
of  the  rails  is  not  very  marked.  In  fact, 
a  large  number  of  rails  rolled  direct  from 
9  in.  ingots,  are  wearing  as  well,  so  far 
(3  years)  as  rails  made  from  either  ham- 
mered or  rolled  12  in.  ingots.  In  making 
complete  tests — tests  to  destruction — it  is 
unnecessary  to  say  that  the  size  of  the  in- 
gots experimented  on  by  the  hammer  and 
the  rolls,  should  be  the  same.  A  test  in 
which  rolled  9  in.  ingots  are  compared 
with  hammered  12  in.  ingots,  has  no  value. 

The  use  of  hammers  or  rolls  for  bloom- 
ing seems  to  resolve  itself,  then,  into  a 
question  of  cost  of  product,  as  it  has  been 
impossible  to  establish,  so  far,  any  marked 
difference  in  quality — certainly  none  in 
favor  of  hammering. 

We  have  shown  that  the  rolling  mill 
has  over  twice  the  capacity  for  a  given 
cost,  and  that  it  employs  less  labor.  An- 
other advantage  of  the  rolls  is,  that  their 
collars  hold  up  the  corners  of  the  .bloom, 
thus  reducing  its  cracking,  and  making 
sounder  rails,  as  well  as  a  larger  num- 
ber of  first  quality  rails  from  a  given 
number  of  ingots.     Rolled  blooms  are  of 
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exactly  uniform  cross  section,  while  ham- 
mered blooms  must  vary  considerably. 
Hence  the   crop  ends   of   the  former  may 


be  reduced  to  a  uniform  minimum,  while 
a  large  allowance  mast  always  be  made  in 
hammering1. 


THE  AUSTRALIAN  OVERLAND  TELEGRAPH. 

From  "Engineering." 


It  seems  almost  strange  that  in  these 
times  of  telegraphic  progress  and  exten- 
sions, we  should  actually  possess  a  long 
length  of  submarine  cable,  submerged, 
in  perfect  working  order,  and  yet  utterly 
valueless  to  the  public.  It  is,  indeed,  the 
case,  and  we  have  hitherto  refrained  from 
calling  attention  to  the  fact  in  the  hope 
that  the  matter  would  be  remedied,  but 
Week  after  week  has  passed  by,  until 
months  have  elapsed  since  the  cable  was 
laid,  and  yet  we  are  without  its  utility 
being  brought  into  the  public  service. 

We  allude  to  the  Australian  cable,  laid 
from  Banjowangy,  in  Java,  to  Port  Dar- 
win, in  Australia,  submerged  as  far  back 
as  November,  22d,  1871,  and  now  lying 
useless  in  consequence  of  the  noncomple- 
tion  of  the  land  lines  in  Australia.  It 
must  be  acknowledged  that  there  are,  and 
have  been,  many  difficulties  in  the  way  of 
the  completion  of  the  land  lines,  but  still 
there  must  be  something  radically 
wrong  in  the  fact,  that  a  long  and  valu- 
able submarine  cable  should  remain 
for  so  great  a  time  unused.  To  under- 
stand the  question  in  a  proper  light,  it 
will  be  necessary  to  give  some  history  of 
the  cable. 

The  British  Australian  Telegraph  Com- 
pany made  its  appearance  in  January, 
1870,  in  connection  with  the  various  Sub- 
marine Telegraph  Companies  between 
England  and  India.  The  object  of  the 
Company  was  to  establish  telegraphic 
communication  with  the  colonies  of  Aus- 
tralia, Tasmania,  and  New  Zealand,  by 
the  means  of  two  cables,  from  Singapore 
to  Batavia,  and  from  the  south-eastern 
part  of  Java  to  Port  Darwin,  on  the 
north-western  coast  of  Australia,  the 
communication  being  carried  through 
Java  by  the  means  of  the  lines  belonging 
to  the  Dutch  Government.  From  Port 
Darwin,,  a  land  line  was  to  be  constructed 
across  Australia  to  Burketown,  in  Queens- 
land, at  the  head  of  the  Gulf  of  Carpen- 
taria, a  distance  of  about  800  miles,  thus 
bringing  the  cable   into  communication 


with  the  principal  points  in  the  colonies. 
The  contract  for  the  work  was  taken  by 
the  Telegraph  Construction  and  Mainte- 
nance Company,  who  undertook  to  com- 
plete the  line  by  the  end  of  last  year;  this 
referred  to  the  land  lines  as  well  as  the 
cables;  the  latter  are  complete  in  every 
respect,  the  former  are  not;  the  reasons 
why  we  will  presently  show,  but  state 
here  that  as  regards  their  non-comple- 
tion the  contractors  are  in  no  way  to 
blame. 

Soon  after  the  Company  was  formed, 
other  arrangements  for  the  land  lines 
were  set  on  foot,  and  the  South  Australian 
Government  entered  into  arrangements 
with  the  Company  for  erecting,  at  the  Co- 
lonial Government's  expense,  a  land  line 
across  the  continent  direct  from  Port 
Darwin  to  Port  Augusta,  near  Adelaide, 
a  total  length  of  1400  miles,  of  which  the 
estimated  cost  was  £108,000.  The  land 
line  was  shortly  afterwards  commenced, 
and  was  supposed  to  have  been  in  work- 
ing order  by  the  date  the  cable  was  to  be 
laid. 

Necessai'ily,  the  portion  of  the  con- 
tract relating  to  the  erection  of  the  land 
line  to  Burketown  was  altered,  and  the 
contractors  reduced  the  amount  of  their 
contract  by  .£52,000,  which  may,  there- 
fore, be  taken  as  the  estimated  cost  of  the 
800  miles  of  line  from  Port  Darwin  to 
Burketown. 

It  is  a  matter  of  the  greatest  possible 
surprise  to  almost  every  one,  that  these 
arrangements  were  completed,  and  the 
astonishment  was  great  when  the  colonies 
of  Queensland  and  New  South  Wales  al- 
lowed the  South  Australian  Government 
to  steal  such  a  march  upon  them. 
Queensland  was  only  800  miles  off,  tele- 
graphically, from  Port  Darwin,  whilst 
South  Australia  was  at  the  least  as  much 
as  1400  miles;  on  the  one  hand  the  long 
route  would  pass  through  a,  terra  incognita, 
doing  little  or  no  good,  and  costing  an 
enormous  sum  for  annual  maintenance  ; 
the  other,  a  shorter  route,  on  the  other 
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hand,  would  pass  almost  entirely,  saving 
at  the  commencement,  through  colonized 
districts,  and  would  serve  such  important 
places  as  Burketown,  Cardwell,  Rock- 
hampton,  Brisbane,  Sydney  and  Mel- 
bourne, and  thence  to  Adelaide  and  to 
Tasmania. 

The  more  we  look  at  the  matter  the 
less  comprehensible  is  it  that  such  an  ar- 
rangement should  have  been  brought 
about.  It  cannot  be  for  commercial  ad- 
vantage, that  is  evident,  and  it  could  only 
be,  therefore,  for  political  reasons;  it  is  a 
matter  of  regret  that  the  money  of  the 
colony  should  have  been  so  wasted;  it 
mast  also  be  remembered  that  the  non- 
completion  of  the  overland  line  renders 
the  cables  useless,  and  consequently  al- 
lows a  large  amount  of  capital  to  lie  idle. 

The  original  line  was  to  have  cost 
£52,000,  the  Port  Augusta  line  was  esti- 
mated at  £108,000,  and  already  £220,000 
have  been  expended,  and  the  line  still 
remains  incomplete. 

There  have  been  numerous  difficulties 
in  prosecuting  the  work.  In  the  first 
place  the  length  is  in  excess  of  that  esti- 
mated, and  it  may  be  imagined  that  to 
carry  wire  and  material  across  an  unknown 
country  must  necessarily  be  a  matter  of 
great  difficulty.  This  has  proved  to  be 
the  case,  for,  although  a  large  portion  of 
the  line  has  been  constructed,  there  re- 
mains a  comparatively  short  portion  which 
it  seems  is  impossible  to  erect  or  to  tra- 
verse with  horse  expresses. 

Our  latest  advices  from  the  colonies 
inform  us  up  to  the  beginning  of  February 
that  the  lines  had  arrived  at  such  a  stage 
that  telegrams  were  then  expected 
through.  We  are  now  two  months  later, 
and  practically  are  in  statu  quo.  The  south- 
ern portion  of  the  line  from  Port  Au- 
gusta, at  the  head  of  Spencer's  Gulf,  to  the 
end  of  the  fifth  section  beyond  Central 
Mount  Stuart,  is  ready  for  work.  During 
December  and  January  operators  were  sta- 
tioned at  different  points  along  the  line, 
and  telegrams  came  down  from  the  Alice 
Springs  in  the  MacDonnel  Ranges  in  the 
first  week  of  the  year.  These  ranges  are 
1100  or  1200  miles  from  Adelaide.  On 
the  15th  of  January  the  working  party, 
under  Mr.  Clarke,  was  pushing  on  from 
the  Alice  Springs  to  the  end  of  the  fifth 
section,  300  or  370  miles  north  of  the 
Springs,  and  the  farthest  point  northward 
to  which  the  southern  line  has  been  car- 


ried. From  the  fifth  section  to  the 
southernmost  end  of  the  northern  line 
coming  down  to  meet  it  from  Port  Dar- 
win there  is  a  gap  which  is  supposed  to 
be  about  300  miles  wide.  This  gap  is  be- 
tween the  Roper  Springs  and  the  northern 
point  of  the  southern  line  above  the  Alice 
Springs.  The  line  from  Port  Darwin  to 
the  Roper  River  is  completed;  and  it 
must  be  borne  in  mind  that  this  portion 
of  the  route  is  common  to  the  Adelaide 
and  Burketown  routes,  Burketown  being 
about  400  miles  from  the  Roper  River. 

As  soon  as  the  end  of  the  fifth  section 
had  been  reached,  Mr.  Clarke's  instruc- 
tions were  to  despatch  a  party  across  the 
gap  with  a  telegram  for  England.  The 
non-arrival  of  the  message  naturally  leads 
one  to  the  supposition  that  for  the  present 
the  gap  is  impassable;  it  is  not  difficult 
to  imagine  natural  causes  which  would 
produce  such  a  result.  As  soon  as  the 
message  had  got  through  and  the  party 
had  returned  it  was  intended  to  bridge 
across  the  gap  by  horse  expresses.  The 
difficulties  encountered  in  this  gap  were 
not  improved  by  the  presence  of  blacks, 
who,  it  appears,  had  already  murdered 
one  man. 

The  difficulties  attending  this  route, 
should  it  be  found  possible  to  complete  it, 
are. quite  sufficient  to  cost  a  large  sum  for 
maintenance,  and  what  is  worse,  are  suffi- 
cient to  shake  belief  in  the  line  as  a  direct 
means  of  communication  between  such 
important  points.  The  telegraph  should 
be  reliable  and  depended  upon,  but,  as  it 
is  evident  that  such  is  not  the  case,  an 
alternative  line  is  absolutely  necessary; 
this  is  easily  accomplished  by  a  line  across 
the  first  route  proposed,  viz.,  to  Bui'ke- 
town.  There  is  no  question  about  the 
matter  at  all.  This  line  vxust  be  erected, 
and  the  sooner  the  better;  indeed,  it  is 
a  pity  that  it  was  not  done  at  first. 

What  is,  then,  the  present  position  of 
affairs  ?  We  possess  telegraphic  commu- 
nication with  Australia,  utterly  valueless 
for  the  present,  in  consequence  of  there 
being  two  gaps  which  cut  us  off  from  the 
existing  colonial  lines.  The  first  g/ip  is  in 
the  new  lines  being  erected,  and  appears 
caused  by  the  difficulty,  if  not  impossibil- 
ity, of  overcoming  some  obstacles  which 
nature  has  placed  in  the  way;  the  second 
gap  is  between  two  already  existing  lines, 
the  submarine  cable  and  the  Queensland 
colonial   lines,   which   appears   from  the 
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supineness    and    want    of   energy  of  the 
colonists  likely  to  remain  unfilled. 

There  is  now  an  opportunity  for  the 
Queensland  and  New  South  Wales  govern- 
ments to  distinguish  themselves  and 
benefit  their  colonies  by  erecting  this  short 
length  of  line,  and  bringing  at  once  all  their 
important  towns  in  direct  telegraphic 
communication  with  China,  India,  and 
Europe,  instead  of  allowing  them  to  go  the 
roundabout  way  through  Adelaide.  We 
are  all  anxiously  awaiting  the  completion 


of  an  overland  route,  so  that  we  may  ob- 
tain some  use  for  our  cable,  now  reposing 
unemployed  and  unremunerative;  and,  as 
the  period  does  seem  somewhat  indefinite 
when  the  South  Australian  line  will  be 
completed,  we  can  but  trust  that  some 
energetic  measures  will  be  at  once  under- 
taken to  erect  the  Burketown  line,  and 
thus  give  us  communication  direct,  and 
what  would  be  equally  desirable,  should 
the  other  route  be  completed,  an  alter- 
native line. 


LOADS  ON  GIRDERS. 


From  "  Tbe  Engineer. 


In  designing  a  girder  for  moving  loads, 
the  strains  to  which  the  various  parts  of 
it  will  be  subjected  result  from  either  the 
simultaneous  or  independent  action  of  the 
dead  weight  and  of  the  live  weight  which 
may  at  any  moment  be  brought  upon  it.  The 
former  of  these,  or  the  fixed  load,  is  pre- 
sumed to  be  uniformly  distributed  over 
the  whole  length  of  the  span,  while  the 
latter,  or  moving  load,  obviously  affects  in 
succession  each  individual  unit  of  it.  The 
fixed  or  stationary  load  consists,  first,  of 
the  weight  of  the  entire  girder  itself;  and, 
secondly,  of  that  of  the  platform  or  con- 
stant weight  resting  upon  the  girder.  It 
is  pioposed  to  point  out  in  the  present  ar- 
ticle, that,  although  in  cases  where  the  span 
of  the  girders  is  small,  the  assumption  of  a 
uniformly  distributed  dead  load  may  be 
adopted  without  sensible  error,  it  is  very 
far  from  affording  accurate  results  when 
the  span  is  large.  The  form  and  charac- 
ter of  the  girder  will  also  have  some  in- 
fluence upon  the  question.  Let  us  first 
consider  the  weight  of  the  girder  itself, 
and  the  manner  in  which  the  flanges  and 
web  are  separately  affected  by  it.  Sup- 
pose the  girder  to  have  parallel  top  and 
bottom  flanges.  Theoretically,  the  strain 
at  the  centre  of  each  of  these  is  a  maxi- 
mum, while  at  the  extremities,  or  imme- 
diately over  the  bearings,  it  is  equal  to 
zero.  Consequently  the  sectional  area  of 
the  flanges  at  the  centre  is  likewise  a 
maximum,  and  but  for  practical  consid- 
erations would  be  also  nil  at  the  extrem- 
ities. As  a  fact,  it  is  considerable  at 
these  points.  The  width  of  the  flange  is 
usually  maintained  constant,  and  the  re- 


duction in  the  sectional  area  affected  by 
diminishing  the  thickness.  This  practi- 
cal necessity  for  constructing  the  ends  of 
girders  with  parallel  flanges  a  good  deal 
heavier  than  actual  theory  demands,  tends 
to  favor  the  assumption  of  the  uniformly 
distributed  load, — at  any  rate,  so  far  as 
their  own  weight  is  concerned.  The  weight 
of  a  girder,  and  consequently  that  of  the 
flanges,  is  obtained  in  the  preliminary 
calculations  either  from  a  similar  existing 
example,  or  by  a  rough  estimate.  In  both 
cases  the  result  is  approximative  only. 
From  this  the  sectional  area  required  at 
the  centre  is  calculated,  the  weight  having 
been  regarded  as  constant  for  each  unit 
of  length  in  the  span.  But  in  reality  this 
is  incorrect,  since  the  average  weight  is 
not  identical  with  that  at  the  centre,  but 
equal  to  §  of  it.  There  is  an  accumula- 
tion of  weight  at  the  centre  of  the  flanges 
in  large  girders  which  should  be  taken  ac- 
count of.  A  careful  calculation  of  the  dif- 
ference in  the  strains  caused  by  the  sup- 
position that  the  weight  of  the  flanges  is 
constant,  and  the  more  accurate  method 
which  causes  the  central  to  exceed  the 
average  weight  in  the  proportion  of  3  to 
2,  will  demonstrate  that  in  the  latter  case 
the  sectional  area  at  the  centre  would  be 
increased  by  \.  The  reason  why,  in  small 
girders,  the  assumption  of  a  uniformly 
distributed  load  may  be  adopted  without 
error  is,  that,  in  the  first  place,  the  total 
weights  are  small,  and  secondly,  any  dis- 
proportion in  any  one  part  is  compensated 
for  by  a  similar  disproportion  in  another. 
This  sometimes  occurs  in  large  girders,  in 
which  the  great  weight  of  the  flanges  at 
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the  centre  is  nearly  counterbalanced  by 
the  extra  amount  of  material  in  the  web  at 
the  ends. 

Among  the  many  advantages  possessed 
by  the  bowstring  type  of  girders  is  that 
the  weight  of  the  flanges  is  theoretically 
nearly  uniform,  and  in  practice  the  sec- 
tional area  is  usually  constant  throughout 
each  flange.  When  the  span  and  depth 
of  the  girder  are  so  proportioned  that  the 
parabola  may  be  replaced  by  the  segment 
of  the  circle,  the  percentage  of  the  increase 
of  strain  towards  the  ends  is  so  small  that 
it  may  be  disregarded  when  the  object  is 
the  determination  of  the  weight  of  the 
flanges.  Instead  of  the  weight  of  the 
flanges  only,  if  the  total  weight  of  the 
girder  be  taken  into  consideration,  this  ex- 
cess towards  the  ends  will  be  found  to  be 
compensated  for  by  the  corresponding  in- 
crease in  weight  in  the  central  part  of  the 
web.  This  is  due  partly  to  the  greater 
length  of  the  bars  there,  and  partly  to  the 
fact  that  the  strains  upon  the  web  increase 
slightly  towai'ds  the  centre.  The  reverse 
occurs  in  girders  with  parallel  flanges,  in 
which  the  strains  on  the  web  are  greatest 
at  the  ends,  and  the  bars,  therefore, 
heavier  than  at  the  centre,  thus  tending 
to  counterbalance  the  increase  in  weight 
of  the  flanges  at  that  point.  It  is  rather 
singular  that  while  the  disproportion  in 
the  relative  sectional  areas  of  the  central 
and  extreme  parts  of  a  girder  with  paral- 
lel flanges,  compai'ed  with  the  similar  dif- 
ference in  the  bowstring,  is  very  large,  the 
corresponding  compensation  in  their  re- 
spective webs  follows  the  same  law,  both 
with  regard  to  direction  and  amount.  In 
addition  to  the  extra  weight  at  the  ends 
of  the  web  of  a  girder  with  parallel  flanges 
required  by  the  increase  in  the  strains, 
there  is  also  that  due  to  the  pillars  and 
stiffening,  which  in  deep  girders  is  some- 
thing considerable.  Not  only  is  the  shear- 
ing strain  a  maximum  over  the  bearings, 
but  there  is  at  those  points  a  tendency  to 
deformation  which  must  be  practically 
guarded  against.  This  was  well  exempli- 
fied in  the  experiments  conducted  on  the 
strength  of  different  forms  of  tubes  in  con- 
nection with  the  Britannia  Bridge.  To 
preserve  the  shape  of  the  tubes  during  the 
experiments  and  enable  them  to  exert 
their  fall  power  of  resistance,  without  be- 
ing prematurely  crippled  by  deformation, 
blocks  of  wood  were  inserted  at  the  ex- 
tremities.    In  the  experiments,  also,  upon 


the  "model  tube,"  the  advantage  of  angle 
iron  pillars  was  soon  rendered  manifest. 

The  manner  in  which  the  permanent 
dead  weight  is  ultimately  brought  upon 
the  ghxler  must  determine  whether  it 
can  be  regarded  as  uniformly  distributed 
over  it  or  not.  In  other  words,  the  dis- 
tance between  the  cross-girders  must 
practically  decide  the  point.  Formerly 
the  cross  girders  were  placed  closer  to- 
gether than  they  generally  are  now,  and 
the  opinion  of  many  engineers  is,  that, 
where  circumstances  permit,  they  should 
be  placed  from  10  ft.  to  20  ft.  apart,  rail- 
girders  being  employed  to  maintain  the 
communication  between  them  and  carry 
the  rails.  This  plan  has,  undoubtedly,  the 
merit  of  economy,  but  the  localization  of 
the  strains  resulting  upon  the  main  gird- 
ers is  open  to  objection.  One  point  is 
certain.  Weights  acting  upon  a  girder, 
per  saltum,  at  intervals  of  10  ft.  or  20  ft., 
cannot  be  considered  uniformly  distribut- 
ed. It  is  clear  that  the  duty  of  distribut- 
ing the  weight  uniformly  over  the  flanges 
falls  upon  the  web.  In  this  respect  the 
continuous  web  has  the  first  place,  and 
the  "  Warren"  the  last.  When  the  inter- 
val between  the  cross  girders  does  not  ex- 
ceed 4  ft.  or  5  ft.,  there  is  very  little  doubt 
but  that,  with  a  continuous  web,  the  per- 
manent dead  weight  does  fulfil  the  condi- 
tions which  are  erroneously  supposed  to 
obtain  in  other  cases.  On  the  other  hand, 
there  are  many  existing  examples  of  War- 
ren girders,  in  which  the  points  of  junc- 
tion of  the  web  with  the  flanges  are  placed 
a  great  deal  too  far  apart  to  admit  of  a 
uniform  distribution  of  the  load.  In  these 
girders  the  assumption  that  the  total  load 
is  evenly  divided  upon  the  apices  of  the 
triangles  must  be  received  with  caution. 
It  may,  however,  be  accepted  in  the  case 
of  lattice  girders,  which  have  almost  en- 
tirely superseded  the  Warren  type.  It  is 
scarcely  necessary  to  remark  that  the  lat- 
ter type,  as  originally  designed,  has  long 
since  become  obsolete.  The  result  of  de- 
signing a  girder  with  parallel  flanges  on 
the  incorrect  basis  we  have  alluded  to, 
would  be  that  it  would  be  too  weak  at  the 
centre  and  too  strong  at  the  ends. 

It  sometimes  happens  that  a  method  of 
calculation  which  is  correct  when  applied 
to  a  certain  class  of  structures  is  retained 
and  employed  in  instances  to  which  it  is 
only  partially,  or  perhaps  not  at  all,  adapt- 
ed.    It  has  been  admitted  that  a  girder  or 
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beam  will  practically  bear,  uniformly  dis- 
tributed over  it,  twice  the  weight  that  it 
will  carry  concentrated  at  its  centre.  This 
conclusion,  originally  deduced  from  ex- 
periments on  solid  beams  of  timber,  and 
true  both  theoretically  and  empirically, 
became  in  course  of  time  received  as  hold- 
ing good  for  flanged  girders,  without  any 
suspicion  that  it  was  only  valid  for  certain 
parts  of  them.  So  far  as  the  flanges  are 
concerned,  the  rule  may  be  considered 
sufficiently  correct,  but  it  is  not  so  for  the 
web,  as  a  little  consideration  will  at  once 
indicate.  If  a  given  weight  be  placed  on 
the  centre  of  a  flanged  girder,  the  shear- 
ing strain  upon  each  half  of  the  web  of  the 
girder  is  equal  to  half  the  weight,  and 
moreover  is  constant  throughout  the 
whole  of  the  web.  Thus,  in  a  lattice  gird- 
er, the  strains  upon  each  bar  of  the  web 
resulting  from  a  weight  placed  at  the  cen- 
tre would  be  equal,  and  their  vertical 
component  would  be  equal  to  half  of  the 
said  weight,  supposing  there  were  only 
one  system  or  series  of  triangulations. 
Now,  imagine  twice  the  above  weight  to 
be  uniformly  distributed  over  the  girder. 
The  vertical  reaction  will  evidently  be 
twice  as  great  as  before.  But  this  reaction 
is  equal  to  the  vertical  component  of  the 
strain  upon  the  last  bars  of  the  web,  or 
those  nearest  the  points  of  support.  Mani- 
festly, therefore,  the  strain  upon  each  of 
these  bars  respectively  will  be  twice  as 
great  as  before.  Again,  at  the  centre,  the 
strain  upon  the  web  with  a  uniform  load 
is   theoretically   nothing,  and   practically 


very  slight  indeed.  A  girder  designed  on 
the  datum  described  would,  so  far  as  its 
web  was  concerned,  be  too  strong  at  the 
centre  and  too  weak  at  the  ends.  The 
former  anomaly  would,  unless  in  large  ex- 
amples, not  be  of  much  importance,  as  the 
central  bars  of  the  web  are,  for  practical 
reasons,  not  reduced  below  a  certain 
scantling.  But  it  is  otherwise  with  the 
web  at  the  extremities  of  the  girder.  A 
deficiency  of  50  per  cent,  in  strength  in  a 
girder  at  a  point  where  the  shearing  strain 
is  a  maximum  is  too  serious  a  question  to 
leave  unnoticed.  Our  object  in  drawing 
attention  to  this  subject  is,  that  it  is  a 
common  practice  to  test  flanged  girders  of 
moderate  dimensions  by  a  weight  support- 
ed at  the  centre,  and  when  they  have  un- 
dergone the  trial  in  a  satisfactory  manner 
their  strength  and  power  to  resist  twice 
the  testing  weight  distributed  uniformly 
over  them  is  at  once  taken  for  granted. 
Such  a  method  of  calculation  is  obviously 
so  fallacious,  that,  were  it  not  that  the 
webs  of  small  girders  are  very  frequently 
excessively  strong,  the  truth  must  have 
become  apparent  when  the  girder  was 
subjected  to  Its  actual  working  load.  The 
fact  is,  that,  until  a  certain  span  is  reached, 
it  is  not  possible  to  make  those  scientific 
adjustments  of  strain  and  material  which 
result  in  true  economy.  A  certain  amount 
of  scope  is  indispensable  to  the  advantage- 
ous application  of  theory  to  practice. 
When  reduced  to  insignificant  examples 
science  becomes  degraded  to  mere  ped- 
antry. 


WEST  OF   THE  MISSISSIPPI  IN  1872. 

From  tbfi  "  American  Exchange  and  Review.'' 


Very  few  people  in  the  old  States  have 
any  just  conception  of  the  extent  and 
character  of  the  country  beyond  the  Mis- 
sissippi; and  so  different  is  it  from  Penn- 
sylvania, New  York,  Maryland,  and  Vir- 
ginia, and  even  from  Ohio  and  Indiana, 
that  no  description  can  convey  to  the 
minds  of  those  who  have  not  seen  it  a  clear 
conception  of  it. 

Let  us  first  look  at  it  as  three  great 
belts — the  arable,  the  pastoral,  and  the 
mountainous — the  first  of  which  stretches 
west  of  the  Mississippi  to  an  average 
width  of  400  miles,  and  extends  from  our 
northern  national   boundary  in  latitude 


49  deg.  to  the  Gulf  of  Mexico,  a  length  of 
not  less  than  1,000  miles.  The  second, 
or  pastoral,  belt  is  about  400  miles  wide, 
and  as  much  longer  than  the  arable  belt  as 
the  Gulf  coast  trends  southward  at  its 
southern  base.  The  third  is  that  broad 
and  immense  range  known  by  the  general 
appellation  of  the  Rocky  Mountains,  not 
much,  if  any  less  in  area  than  either  of 
the  other  two  great  belts. 

By  far  the  larger  portion  of  the  first  or 
arable  belt  is  made  up  of  rolling  prairie, 
nearly  all  of  which  is  composed  of  rich 
soil  of  sandy  loam,  very  productive  and 
easily  tilled.     Veins  of  limestone  crop  out 
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over  the  greater  part  of  it,  except  on  the 
broad  bottom  lands  which  skirt  the 
streams.  Some  of  these  bottom  lands  are 
prairie,  but  those  along  the  smaller 
streams  are  generally  heavily  timbered 
with  oak,  elm,  hickory,  walnut,  sycamore, 
and  Cottonwood,  the  latter  becoming  more 
and  more  common  as  we  proceed  west- 
ward. The  walnut  timber  is  very  abun- 
dant and  good,  and  grows  to  a  large  size. 
The  oaks  are  shorter  than  in  the  eastern 
forests.  Elms  and  sycamores  grow  to  a 
large  size,  and  are  much  used  for  rough 
lumber.  The  soil  of  the  bottom  lands  is 
black  and  tenacious  when  wet,  but  pul- 
verizes easily  in  cultivation,  and  is  from 
3  to  12  ft.  thick;  that  of  the  high  or  roll- 
ing prairie  is  from  6  in.  to  2  ft.,  resting 
upon  a  firm,  light-brown  subsoil  richly 
impregnated  with  lime. 

A  rolling  prairie,  as  seen  from  an  ele- 
vated point,  is  a  grand  object.  Think  of 
a  rich  undulating  meadow  or  grass  field 
stretching  as  far  as  the  vision  can  carry 
in  this  clear  atmosphere,  swell  beyond 
swell  for  miles  in  all  directions,  without 
stump  or  stone,  and  you  may  have  an 
idea  of  by  far  the  larger  portion  of  the 
arable  belt,  probably  the  largest  and  best 
compact  body  of  agricultural  land  on  the 
globe.  This  belt  embraces  one-half  of 
Minnesota,  the  greater  part  of  Dakota, 
all  of  Iowa,  all  of  Missouri,  one-third  of 
Nebraska,  one-half  of  Kansas,  all  of  Ar- 
kansas, more  than  half  of  Louisiana,  a 
large  portion  of  Texas,  and  about  half  of 
the  Indian  Territory — an  immense  empire 
in  itself,  in  which  one  hundred  millions  of 
people  might  find  subsistence.  In  the 
whole  of  it  there  is  not  a  mountain,  and 
but  few  elevations  worthy  of  the  name  of 
hills — only  bluffs  and  swells;  and  yet 
there  is  but  little  level  ground,  except 
the  bottom  lands.  In  the  north  there 
are  some  small  lakes,  but  none  in  the 
middle  or  sou  h. 

Kansas,  which  is  the  geographical  cen- 
tre of  our  national  territory,  excluding 
Alaska,  is  also  the  centre,  north  and 
south,  of  this  great  belt  of  arable  land; 
and  in  fertility  and  climate  is  probably 
the  most  desirable  part  of  it,  as  its  unpar- 
allelled  progress  in  population  and  im- 
provement might  lead  us  to  suppose.  Its 
future  is  bright,  although  just  now  its 
agriculture  has  got  too  much  in  advance 
of  its  other  industries.  There  is  no  na- 
tive iron  in  Kansas;  but  in  the  south  and 
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east  there  is  abundance  of  coal,  so  that 
steam  power  can  be  brought  into  play  as 
well  as  in  Pennsylvania  or  Ohio.  There 
is  no  part  of  the  Union  where  fruits  of 
the  temperate  zone  of  every  kind  can  be 
grown  in  greater  abundance  or  of  better 
quality  than  in  Kansas,  and  sheep  could 
be  multiplied  on  these  splendid  pastures 
to  any  extent.  So  the  cultivation  and 
preservation  of  fruits  and  the  manufac- 
ture of  woolen  fabrics  are  two  industries 
which  couid  hardly  be  driven  too  far  in 
that  State. 

The  second  or  pastoral  belt  is  more 
generally  known  as  the  Great  Plains,  a 
vast  tract  of  land,  nearly  all  of  which  is 
fertile  enough,  and  beautifully  undulating, 
but  treeless,  and  exposed  to  sweeping 
winds;  without  a  sufficiency  of  rain  for 
agriculture,  but  enough  to  clothe  it  in 
a  coat  of  short  but  exceedingly  nutritious 
grasses,  principally  buffalo  grass.  This 
grass  grows  only  to  a  height  of  from  3  to 
6  in.,  and  when  it  dries  in  the  fall  remains 
all  winter  quite  as  nutritious  as  when 
green;  so  that  animals,  whether  buffaloes 
and  antelopes,  or  domestic  cattle,  keep 
fat  upon  it  all  winter.  Sometimes  severe 
storms,  with  snow,  are  hard  upon  un- 
sheltered domestic  cattle.  The  present 
winter  has  been  especially  so;  and  thou- 
sands of  animals  and  a  score  or  two  of 
herdsmen  have  perished.  Even  buffaloes, 
it  is  said,  were  frozen  to  death.  But  such 
a  season  is  very  unusual,  perhaps  un- 
precedented. 

In  time  <the  business  of  herding  on  the 
plains  will  become  systematized,  and  some 
shelter  and  some  provender  be  provided 
in  good  localities,  in  which  cattle  can  be 
cared  for  in  such  storms.  It  is  at  present 
onlv  beg-inninar,  and  doubtless  the  dav  is 
not  far  distant  when  millions  of  cattle  will 
supplant  the  millions  of  buffalo  which 
now  roam  over  those  vast  pastures.  In 
riding  over  the  plains  in  1868,  in  the 
western  part  of  Kansas,  we  saw  hundreds 
of  thousands  of  buffaloes  from  the  car 
windows  on  the  Kansas  Pacific  Railway, 
quietly  feeding,  yet  evidently  heading 
towards  the  south,  for  it  was  in  October. 
It  may  be  that  a  majority  of  the  vast  herd 
were  afraid  to  cross  the  railroad,  as  nine- 
tenths  of  them  were  on  the  north  side. 
Late  in  October  last,  in  the  same  region, 
we  saw  one  herd  of  about  a  thousand,  and 
many  scattered  ones,  sometimes  single, 
and  sometimes  two  to  half  a  dozen  togeth- 
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er.  We  saw  many  antelopes,  beautiful 
and  fleet  animals,  about  the  weight  of 
deer,  but  not  so  tall. 

The  total  absence  of  trees  and  houses 
gives  to  the  great  plains  an  air  of  desola- 
tion; yet  the  vast  distances  over  which 
the  eye  can  sweep,  the  beautiful  and  deli- 
cate grass,  the  long  and  graceful  swells 
and  depressions  of  the  surface,  and  the 
shadows  of  drifting  clouds,  when  there 
are  any,  sweepirg  over  the  broad  ex- 
panse, give  to  the  whole  scene  a  solemn 
grandeur  surpassing  anything  we  ever 
witnessed.  Add  to  that  the  fantastic  play 
of  the  mirage,  causing  the  appearance  of 
beautiful  little  lakes  near  the  verge  of  the 
horizon,  the  effect  of  refraction  cutting 
off  a  strip  of  sky  by  lifting  the  surface  of 
the  earth  beyond  it  into  view.  These  illu- 
sive appearances  are  very  curious,  and 
sometimes  exceedingly  beautiful;  and  al- 
though one  may  know  that  it  is  illusory, 
that  no  lakes  are  there,  and  be  able  to  ex- 
plain the  phenomenon,  still  it  is  difficult 
to  resist  the  belief  that  we  are  looking  at 
real  bodies  of  clear,  fresh,  beautiful 
water.  Sometimes  they  look  as  if  they 
were  2  or  3  miles  long  and  \  mile  wide. 

As  a  pastoral  region  this  immense  tract 
is  valuable — less  so,  to  be  sure,  than  an 
agricultural  one,  or  one  stocked  with 
minerals;  but  in  time  its  meteorological 
conditions  may  be  so  changed  by  culti- 
vation and  tree  planting,  at  first  on  the 
borders  and  gradually  extending  towards 
the  centre,  as  to  bring  the  whole  of  it  un- 
der the  hand  of  the  cultivator.  The  soil 
is  excellent;  all  it  lacks  is  sufficiency  of 
moisture.  On  the  borders  next  the  moun- 
tains, thousands  of  acres  have  already 
been  made  productive  by  irrigation;  but 
as  the  supply  of  water  that  can  be  ob- 
tained from  the  mountain  streams  is 
limited,  only  a  small  part  of  the  great 
plains  can  be  reclaimed  by  that  method. 

THE    BOCEY    MOUNTAINS. 

These  stupendous  mountains,  which 
constitute  the  third  great  belt  under  con- 
sideration, stretch  almost  from  the  shore 
of  the  Arctic  Ocean,  far  up  in  the  British 
possessions,  entirely  across  our  national 
territory,  and  terminate  in  the  great  table 
lands  of  Central  Mexico.  The  altitude  of 
the  plains  along  their  eastern  base  ranges 
from  5,000  to  6,500  ft.  above  the  ocean 
level.  From  the  plains  the  mountains 
spring  up  as  boldly  and  precipitously  as 


if  they  rose  out  of  the  sea.  Indeed,  the 
plains  do  look  like  an  ocean,  and  the 
mountain  like  its  shore.  Hence  the  view 
of  the  mountains,  as  we  approach  them, 
coming  over  the  plains,  with  their  tre- 
mendous rocky  cliffs  and  towering  snow- 
clad  peaks,  is  very  grand.  For  a  stretch 
of  more  than  200  miles  they  are  in  full 
view;  and  in  that  wonderfully  transparent 
atmosphere  every  prominence,  every 
gorge,  every  peak,  strikes  the  eye  with  a 
distinctness  never  seen  in  distant  views, 
in  the  Atlantic  States.  For  example:  we 
look  from  Denver  70  miles  north-west  at 
Long's  peak,  the  summit  of  which  rises 
about  16,000  ft.  above  tide,  and  glitters 
with  perpetual  snow;  yet  so  near  does  it 
look  to  an  unaccustomed  eye,  that  an 
Eastern  man  would  say  he  could  reach  it 
in  about  an  hour  and  a  half  with  a  good 
horse.  Then  look  south  75  miles,  and 
Pike's  peak  rears  its  huge  summit  to  an 
almost  equal  height,  while  between  these 
two,  and  far  beyond  the  first  named,  the 
mountain  front  stands  in  view  without  any 
break. 

This  great  mountain  chain  is  not  made 
up  of  a  single  range,  but  is  an  aggregation 
of  mountains,  range  packed  against  range 
in  wild  confusion,  generally  bearing  north 
and  south,  but  in  some  places  east  and 
west.  The  width  of  the  chain  can  hardly 
be  estimated  ;  for  in  Utah,  mountain 
chains  run  from  it  far  across  the  great 
interior  basin.  On  the  eastern  front  it  is 
well  defined;  on  the  west  it  is  not.  But 
the  Bocky  Mountain  chain  may  be  set 
down  at  150  miles  in  width. 

Among  these  ranges  are  many  depres- 
sions— spots  much  lower  than  the  sur- 
rounding peaks,  although  still  from  8,000 
to  10,000  ft.  above  tide.  Among  these 
there  are  four,  called  respectively  North, 
Middle,  South,  and  San  Louis  Parks.  The 
first  three  are  near  the  centre  of  Colorado, 
north-west,  west,  and  south-west  of  Den- 
ver. The  North  Park  is  beautiful  and 
fertile,  but  rather  too  cold.  Its  area  is 
from  700  to  800  square  miles.  It  is  sur- 
rounded on  all  sides  by  lofty  ranges, 
through  the  north  one  of  which  the  North 
Platte  cuts  its  way  through  a  deep  canon. 
In  the  ranges  surrounding  this  park  there 
are  some  gold  mines. 

MIDDLE   PAKE. 

The  Middle  Park  is  separated  from  the 
North  Park  by  a  rugged  range  of  moun- 
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tains  running  from  east  to  west,  and  from 
the  South  Park  by  another.  The  scenery 
in  this  park  is  grandly  beautiful,  and  the 
climate  delightful;  but  too  cool,  owing  to 
its  altitude,  to  ripen  wheat,  although  it 
grows  finely.  Potatoes  and  many  of  the 
hardier  garden  vegetables  do  well.  The 
park  is  nearly  all  a  rich  prairie,  with  a  pro- 
fusion of  flowers  mingled  with  the  grass, 
together  with  strawberries  and  red  rasp- 
berries. Beautiful  streams  of  water  from 
the  surrounding  mountains  meander 
through  it,  and  finally  come  all  together 
in  a  considerable  river  near  the  south- 
west corner,  where  it  breaks  through  the 
western  barrier  by  a  deep  canon.  The 
area  of  this  park  is  somewhat  greater  than 
that  of  the  North  Park.  The  day  is  not 
distant  when  this  unique,  pretty,  and 
magnificent  spot  will  be  the  resort  of 
thousands  whose  health  needs  recupera- 
ting, and  of  still  more  who  love  the  sub- 
lime in  nature.  It  is  somewhat  difficult 
of  access.  The  best  pass  is  about  12,000 
ft.  above  tide,  through  the  range  which 
divides  it  from  the  South  Park,  in  which 
Bayard  Taylor  encountered  heavy  masses 
of  snow  in  July.  But  a  narrow  gauge 
railway  will  be  carried  through  before 
long.  In  this  park  there  are  fine  hot  and 
medicinal  springs,  and  abundance  of  trout 
in  the  streams — healing  for  the  sick,  and 
sport  and  good  eating  for  the  healthy. 
There  are  no  permanent  settlers  yet  in  the 
Middle  Park,  and  not  much  has  been  done 
in  the  mines. 

SOUTH    PARK. 

Of  these  three  neighboring  parks  this 
is  the  best,  most  accessible,  and  the  rich- 
est in  mines  and  pastures.  The  other  two 
are  nearly  quadrangular ;  this  one  has 
more  the  shape  of  a  horse-shoe.  It  is  set- 
tling rapidly,  for  it  is  considered  the  best 
region  for  dairies  in  all  that  country,  and 
farming  can  be  prosecuted  to  advantage 
by  adapting  the  crops  to  the  altitude — 
from  8,000  to  10,000  ft.  above  tide.  This 
park  is  drained  by  the  South  Platte,  which 
breaks  through  the  mountain  barrier  by  a 
canon  on  the  eastern  side.  Fountain  creek, 
a  tributary  of  the  Arkansas,breaks  through 
the  southern  barrier,  near  Pike's  peak, 
reaching  the  plains  at  Colorado  Spring?. 

It  is  worthy  of  remark  that  while  the 
water  of  the  North  and  the  South  Parks 
is  drained  into  the  Platte  by  its  two  great 
upper  branches,  and  thence  flows  to  the 


Atlantic  through  the  Gulf  of  Mexico,  that 
of  the  Middle  Park,  which  lies  in  a  direct 
line  with  them,  flows  westward  to  the  Pa- 
cific through  the  Colorado  river  and  the 
Gulf  of  California.  At  that  point  the 
water-shed  of  the  continent  is  in  full  view 
from  Denver,  and  not  far  away.  Long's 
peak  sheds  its  water  into  both  oceans. 

SAN    LOUIS    PARK. 

This  largest  and  most  southern  of  the 
great  parks  has  an  area  equal  to  all  the 
other  three.  The  line  dividing  Colora- 
do from  New  Mexico  crosses  it  at  about 
the  middle  of  its  length.  The  Rio  Grande 
river  enters  it  from  the  west  through  the 
mountain  which  bounds  it  on  that  side, 
and  after  a  southern  course  of  nearly  100 
miles  through  it,  passes  out  at  the  south- 
ern extremity  of  the  park  through  a  canon. 
Near  the  centre,  some  miles  north-east  of 
where  the  river  enters,  there  is  a  consid- 
erable lake  without  an  outlet,  which  rises 
with  the  melting  of  the  snow  on  the  sur- 
rounding mountains,  and  sinks  after  the 
flow  from  that  cause  abates.  This  is  a 
beautiful  park  and  very  valuable,  as  its 
southern  latitude  gives  it  a  fine  climate. 
The  soil  is  rich,  the  centre  is  a  grassy 
praiiie,  while  the  mountain  slopes  all 
around  are  timbered.  The  mountains  on 
every  side,  with  numerous  snow-clad 
peaks,  tower  up  grandly  and  in  full  view 
from  every  part  of  the  open  park.  It  is 
possible  that  the  Denver  and  Rio  Grande 
railway  may  run  through  this  park,  and 
thence  down  the  river  to  its  ultimate  des- 
tination. 

There  are  many,  perhaps  hundreds,  of 
smaller  parks  scattered  among  these  mul- 
titudinous mountains,  some  of  consider- 
able size,  others  comprising  but  a  few  hun- 
dred acres.  In  some  of  them  there  are 
beautiful  little  lakes.  It  follows,  there- 
fore, that  this  stupendous  chain  is  by  no 
means  an  inhospitable,  uninhabitable  re- 
gion; nor  is  it  impracticable  to  run  rail- 
ways through  the  passes,  gorges,  canons, 
and  parks,  so  as  to  render  the  whole  al- 
pine region  accessible,  and  bring  to  light 
its  yet  unknown  wealth  in  gold  and  silver. 
This  seems  to  be  the  great  treasure-house 
of  the  Almighty,  shut  up  with  bolts  and 
bars  so  tremendous  that  nothing  short  of 
the  capital,  science,  skill,  and  combined 
energy  of  the  present  generation  were 
able  to  remove  them.  There  is  pactically 
no  limit  to  these  treasures;  yet  so  stub- 
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born  are  the  ores  in  which  they  are  hid- 
den, that  the  business  of  bringing  them 
into  conditions  fit  for  commerce  and  the 
arts  is  but  fairly  remunerative.  Science 
guided  by  experience,  and  improving  fa- 
cilities of  transportation,  however,  are 
steadily  overcoming  these  natural  difficul- 
ties; and  the  time  is  near  when  this  vast 
mountain  region  will  be  the  theatre  of  one 
of  our  greatest  productive  industries.  The 
need  of  gold  and  silver  by  the  entire  civil- 
ized world  is  rapidly  increasing,  and  here, 
probably,  is  its  chief  supply. 

But  gold  and  silver  is  not  all.  All  along 
the  eastern  base  of  this  great  chain,  from 
Montana  far  down  into  New  Mexico,  there 
are  immense  deposits  of  coal  and  iron  ore. 
These,  after  all,  are  the  substratum  of 
solid  wealth  and  progress.  Some  of  the 
veins  of  coal  are  12  to  14  ft.  in  thickness. 
Most  of  it  may  be  classed  with  the  bitumi- 
nous; but  strictly  speaking  it  is  not.  It 
seems  to  possess  the  qualities  of  both  bit- 
uminous coal  and  lignite.  It  is  rich  in  gas, 
and  gives  off  a  bright  flame,  but  not  a  very 
dense  smoke.  When  the  volatile  matter 
is  exhausted  the  fixed  carbon  looks  like 
burning  charcoal,  and  some  of  the  more 
northern  varieties  send  off  more  and 
brighter  sparks  than  any  charcoal.  The 
steam-generating  quality  is  very  good. 
The  coal  found  in  the  southern  part  of 
Colorado  can  be  coked;  that  found  near 
and  north  of  Denver  cannot.  In  New 
Mexico,  southwest  of  Santa  Fe,  there  is  a 
field  of  anthracite  coal,  which  cannot  be 
distinguished  by  the  eye  from  the  anthra- 
cite of  Pennsylvania;  but  its  extent  has 
not  been  ascertained. 

Near  where  the  Arkansas  river  leaves 
the  mountains  and  begins  its  long  course 
across  the  plains  there  is  a  mountain  of  iron 
ore  said  to  be  greater  in  magnitude  than 
the  Iron  Mountain  of  Missouri,  and  equal 
to  it  in  quality.  In  appearance  and  specific 
gravity  the  two  ores  are  very  similar.  But 
iron  ores  are  co-extensive  with  the  coal. 

Copper  and  lead  mines  are  found  among 
these  mountains  in  many  places;  but  pro- 
bably the  copper  ores  of  New  Mexico  are 
the  richest  and  most  abundant.  Some 
placer  gold  is  found  in  gulches,  but  not 
much  compared  with  the  rich  placers  so 
largely  worked  in  the  early  days  of  Cali- 
fornia; but  veins  of  gold-bearing  quartz, 
more  or  less  rich,  exist  in  great  numbers 
throughout  the  entire  region.  The  pro- 
duction of  silver  is  at  present  increasing 


more  rapidly  than  that  of  any  other  metab 
and  is  the  most  remunerative ;  yet  it  is  pro- 
bable that  the  manufacture  of  iron,  when 
it  is  entered  upon,  will  be  still  more  remu- 
nerative. From  what  we  know  of  the  vast 
deposits  of  coal  and  iron  ore,  we  are  in- 
clined to  give  to  the  iron  the  first  place 
among  the  mineral  resources  of  this  ex- 
tensive mountain  region.  The  second 
place  may  be  given  to  silver;  the  third  to 
gold;  the  fourth  to  copper;  and  the  fifth 
to  lead. 

The  climate  of  this  immense  alpine  re- 
gion is  among  the  most  salubrious  and  de- 
lightful in  the  world;  for,  although  the 
lofty  peaks  bear  more  or  less  perpetual 
snow,  the  valleys  are  well  fitted  for  human 
habitation,  and  are  already  filling  up  with 
people,  chiefly  those  connected  with  the 
mines.  Along  the  eastern  base,  although 
from  5,000  to  7,000  ft.  above  tide,  the 
temperature  is  even  milder  than  in  corre- 
sponding latitudes  east  of  the  Mississippi. 
This  can  only  be  accounted  for  from  the 
great  extent  of  that  elevated  region.  From 
the  Missouri,  between  Omaha  and  Kansas 
City,  the  ascent  westward  to  the  base  of 
the  mountains  averages  10  ft.  per  mile. 
At  the  western  border  of  Kansas  the  alti- 
tude of  the  plains  is  a  little  over  3,000  ft. 
Denver  is  5,200  ft.  above  tide;  Cheyenne 
a  little  more;  while  Colorado  Springs, 
76  miles  south  of  Denver,  are  a  little 
more  than  6,000  ft. — about  twice  the 
height  of  the  Alleghany  mountains  in 
Pennsylvania,  and  but  little  less  than  that 
of  Mount  Washington.  The  great  central 
basin  beyond  the  Rocky  mountains  has 
about  the  same  altitude.  Nearly  one- 
third  of  this  continent,  therefore,  lies  a 
mile  or  more  above  the  ocean  level.  The 
climatic  effect  of  this  altitude  is  not  the 
same  as  that  of  a  local  and  limited  eleva- 
tion, but  is  more  of  the  nature  of  a  mere 
enlargement  of  the  planet.  Valleys  6,000 
ft.  above  tide  are  as  warm  as  those  in  the 
Eastern  States  in  corresponding  latitudes 
which  have  not  one-tenth  of  their  alti- 
tude. 

While  the  temperature  is  but  little  af- 
fected by  the  elevation  of  this  immense 
tract,  in  the  midst  of  which  these  moun- 
tains rear  their  lofty  and  rugged  ranges 
and  peaks,  the  atmosphere  is  af- 
fected barometrically  just  as  much 
as  if  the  altitude  was  that  of  a  single 
peak.  Hence  its  unsurpassed  purity  and 
clearness,    enabling  us   to  view   scenery 
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more  than  200  miles  distant  with  a  dis- 
tinctness hardly  ever  attainable  at  one- 
tenth  of  that  distance  in  the  Eastern  States. 
Distant  objects  look  near.  Some  years 
ago,  when  parties  rushed  to  the  mountains 
around  Pike's  peak,  in  the  hope  of  find- 
ing mines  of  gold,  a  party  wearily  making 
their  way  over  the  plains  at  length  came 
in  sight  of  that  famous  mount,  and  press- 
ed forward  to  reach  its  base  before  night. 
But  it  required  not  only  that  day,  but  two 
more  days  of  hard  travelling  to  reach  it. 
No  Eastern  man  can  judge  of  distances 
out  there.  An  Eastern  gentleman,  while 
in  Denver,  took  a  fancy  to  walk  across  to 
the  base  of  the  mountains  and  back  be- 
fore breakfast.  They  were  in  plain  view 
and  looked  near;  but  he  gave  it  up,  for 
the  distance  across  the  intervening  plain 
is  12  miles. 

It  is  not  so  difficult  as  might  be  suppos- 
ed to  carry  railways  into  and  over  these 
stupendous  mountains  ;  for  the  gradual 
upward  slope  of  the  plains  lifts  them  to 
more  than  half  their  utmost  elevation. 
The  difficulty  lies  more  in  the  extreme 
narrowness  and  sinuosity  of  the  canons 
through  which  ingress  to  the  interior  val- 
leys and  parks  can  be  obtained.  But  with 
the  narrow  gauge  it  can  be  and  has  been 
done ;  and  the  day  is  not  distant  when  the 
whistle  of  the  locomotive  will  blend  with 
the  clatter  of  the  miner's  pick  among  these 
labyrinthian  peaks  and  parks,  and  coves 
and  canons,  where  incalculable  wealth  is 
hidden. 

This  mountain  district,  regarded  until 
very  recently  as  a  great  bar  to  human 
progress,  is  likely  to  become  the  seat  of 
more  varied  industries,  the  home  of  a  more 
energetic  people,  and  the  theatre  of  a  high- 
er development  of  both  material  and  intel- 
lectual forces,  than  the  world  has  hitherto 
seen.  Its  salubrious,  bracing  atmosphere, 
its  unsurpassed  grandeur,  its  unique 
beauty,  its  inexhaustible  mines,  render  it 
attractive  ;  while  its  very  difficulties  will 
call  forth  the  highest  skill  and  energy  of 
man,  and  thus  conduce  to  its  ultimate 
greatness.  It  is  likely  to  become  what 
Bishop  Berkeley  speaks  of  as  "  Time's  last 
and  noblest  offspring."  Certainly  the 
subjugation  of  that  sublime,  rugged,  rock- 
ribbed  region  is  the  hardest  task  to  which 
human  energy  has  yet  addressed  itself  ; 
but  its  hidden  treasures  will  richly  com- 
pensate the  laborers  in  this  field. 

Such  is  the  empire  which  lies  beyond 


the  Mississippi,  and  on  this  side  of  the 
central  basin  and  the  Pacific  slope.  First, 
the  immense  undulating  prairie  region, 
where  food  for  a  world  may  be  grown. 
Then  the  great  plains,  beautiful  even  in 
their  desolation,  and  which  will  soon  be 
the  pasture  grounds  of  flocks  and  herds 
innumerable,  as  they  have  for  ages  fed 
millions  upon  millions  of  buffaloes  and 
antelopes.  And  third  the  mountains, 
with  their  vast  and  varied  treasures,  and 
so  grandly  beautiful.  All  this  may  be  re- 
garded as  the  Central  Region  of  this  con- 
tinent ;  and  the  day  is  coming  when  its 
people  will  control  the  destinies  and  dic- 
tate the  policy  of  this  great  empire.  "We 
see  its  infancy.  Our  children — not  our 
children's  children — will  see  it  developed 
into  manhood,  for  things  are  moving  very 
rapidly.  Railways  cause  human  progress 
to  go  on  with  railway  speed  ;  while  the 
telegraph  makes  a  domain  of  a  million 
square  miles  as  one  city. 

In  all  this  great  territory  there  are,  it 
may  with  truth  be  said,  no  navigable  riv- 
ers— for  the  Missouri,  with  all  its  length 
and  volume  of  water,  is  hardly  navigable. 
In  it  the  railroad  is  the  sole  means  of  so- 
cial and  commercial  communication. 
Here  the  locomotive  must  and  does  pre- 
cede the  plough,  and  civilization  in  all  its 
completeness  goes  forward  at  once  ;  so 
that  we  find  in  Kansas  and  Colorado  as 
full  a  measure  of  the  comforts  and  refine- 
ments of  life  as  in  Massachusetts.  No 
frontier  life  in  the  world  was  ever  like  it  ; 
and  this  is  the  result  of  those  agents  of 
power — the  railway  and  the  telegraph.  A 
man  or  woman  from  New  England,  or  any 
of  the  Atlantic  States,  don't  feel  that  he  or 
she  is  far  from  the  old  home  ;  nor  is  he  ; 
for  he  may  send  a  message  back  in  less 
than  an  hour,  or  be  there  himself,  if  he 
chooses  in  two  or  three  days.  Here  his 
daily  morning  paper,  though  printed  un- 
der the  shadow  of  the  Rocky  Mountains, 
gives  him  the  news  from  all  parts  of  the 
world  just  as  early  as  his  fellow-citizen  of 
New  York  or  Philadelphia  reads  it,  and 
almost  as  fully  ;  while  amid  the  broad 
prairies  of  Kansas  and  Nebraska  he  can, 
if  he  sees  proper,  regale  himself  on  good 
oysters  taken  from  the  shell  at  the 
time. 

Well  may  the  question  come  home  to 
the  statesman,  to  the  Christian,  and  to  the 
philanthropist,  in  view  of  this  magnificent 
and  varied  region  in  which  population  is 
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growing  with  unexampled  rapidity,  "What 
are  we  going  to  do  about  it  ?"  This,  cer- 
tainly is  a  field  in  which  to  sow  good  seed 
with  an  unsparing  hand.  It  is  a  noble  work 
to  develop,  by  the  outlay  of  capital,  such  a 


country  ;  but  nobler  still  to  exert  upon  it 
such  influences  as  shall  cause  these  vast 
communities,  now  in  a  formative  state,  to 
crystallize  aright,  to  the  glory  of  our 
country  and  our  God. 


USES  OF  BLAST  FUKNACE  SLAGS* 


Bt  t.  egleston,  e.  m. 

From  "  The  Iron  Age". 


If  we  may  characterize  the  aim  of  me- 
tallurgists 20  years  ago  by  any  one  point 
toward  which  their  efforts  were  especially 
directed,  we  should  say  it  was  the  idea  of 
adapting  "  waste  products  "  to  some  use- 
ful purpose,  while  the  energy  to-day  seems 
rather  to  take  the  direction  of  so  arran- 
ging processes  as  to  have  no  "  waste  pro- 
ducts." The  iron  master  of  this  decade 
no  longer  speaks  of  the  waste  gases  of 
the  blast  furnace.  The  supply  of  com- 
bustible material  from  this  source  is  a 
part  of  the  regular  working,  and  is  de- 
pended upon  to  such  an  extent  that  in 
many  cases  it  is  doubtful  whether  the  iron 
could  be  profitably  manufactured  without 
its  use.  This  is  an  economical  age,  and 
in  large  works  the  same  care  that  looks 
after  the  saving  and  utilizing  of  material 
not  hitherto  available,  presupposes,  as  a 
general  thing,  skill  in  the  manufacture  of 
the  product.  There  is  hardly  a  point  in 
the  whole  range  of  metallurgical  detail 
where  more  or  less  successful  attempts 
have  not  been  made  to  economize,  by  the 
use  of  "  waste  products,"  and  no  one  thing 
upon  which  greater  skill  has  been  lavished 
and  so  much  money  spent.  The  operations 
are  so  large,  the  capital  involved  so  great, 
that  a  comparatively  small  saving  will 
often  justify  even  the  abandonment  of 
one  process  for  another,  as  was  the  case 
in  the  introduction  of  Patinsonage  in  place 
of  the  costly  process  of  enrichment  by 
Cupellation,and  the  substitution,  recently, 
in  many  places  in  Europe,  of  the  zinc 
process  for  Patinsonage. 

In  the  metallurgy  of  iron  the  most  cum- 
bersome, expensive,  and  useless  product 
is  the  blast  furnace  slag.  The  variety  and 
ingenuity  of  plans  proposed  to  make  use 


*  A  paper  read  before  the  American  Institute  of  Mining  En- 
gineers. 


of  it,  or  in  some  way  utilize  the  heat  it 
absorbs,  or  at  least  to  get  rid  of  it,  is  only 
equalled  by  the  persistent  want  of  success 
which  these  efforts  have,  until  within  a 
few  years,  attained.  The  amount  of  slag 
which  flows  from  an  ordinary  blast  furnace 
in  24  hours  may  be  calculated  at  very 
nearly  twice  the  production  in  iron  by 
weight  and  five  to  six  times  by  bulk.  The 
amount  of  heat  absorbed  by  and  radiated 
from  this  mass  of  material,  if  it  could  be 
transformed  into  horse  power,  would 
make  very  important  changes  in  our  pres- 
ent methods  of  manufacture,  and  materi- 
ally diminish  the  cost  of  iron.  Besides  the 
large  amount  of  heat  lost  in  the  slag,  it 
is  a  constant  source  of  inconvenience, 
accumulating  near  the  furnace,  as  a  hot 
viscous  mass,  difficult  to  handle,  requiring 
special  tools  for  its  removal,  and  necessi- 
tating the  investment  of  a  large  amount 
of  capital  in  hand  on  which  to  pile  it, 
which  brings  no  return  of  any  kind.  The 
labor  spent  upon  this  unproductive  sub- 
stance is  often  equal  to  the  whole  of  the 
productive  labor  of  the  furnace.  Hence 
the  amount  of  skill  lavished,  first  to  make 
use  of  it,  and  then  to  get  rid  of  it. 

The  first  attempt,  and,  for  a  long  time, 
the  only  one,  to  use  it  was  in  making 
roads,  for  which  it  was  simply  broken  up  ' 
by  hand,  and  then  used  like  any  other  j 
stone.  Though  in  themselves  excellent 
road-making  material,  this  form  of  slag 
is  not  well  suited  for  it,  and  hence,  as 
this  is  the  only  use  generally  known,  we 
find  enormous  slag  heaps,  which  are  often 
over  100  ft.  high,  served  by  special  en- 
gines and  cars,  in  the  vicinity  of  many  of 
our  blast  furnaces.  Happy  the  company, 
who,  like  the  Hudson  Iron  Works,  can 
use  their  slags  to  fill  in  shallow  bays,  and 
thus  by  an  actual  production  of  lands, 
turn  all  their  slags  to  profitable  account. 
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In  some  parts  of  Europe  where  stoue  is 
excedingly  scarce,  this  is  the  only  material 
for  road-making  that  can  be  procured  in 
large  quantities.  Hence  in  such  countries 
as  Silesia,  every  effort  has  been  made  to 
make  the  only  material  they  have  as 
well  adapted  for  the  purpose  as  possible. 

The  great  objection  to  the  use  of  slags 
is  their  brittleness.  Hence  very  early  at- 
tempts were  made  to  devitrify  them  at  a 
small  cost.  This  necessitates  a  cheap 
fuel,  which  is  generally  an  exception,  and 
hence  the  most  successful  attempts  at 
devitrification  have  been  the  accumulation 
of  this  slag  in  large  masses,  allowing  it  to 
cool  slowly  under  considerable  pressure. 
This  is  the  case  at  Tarnowitz  in  Silesia 
and  elsewhere  where  the  ground  arouud 
the  furnaces  is  encumbered  for  days 
together  with  large  accumulations  of  slag, 
1  ft.  or  18  in.  in  thickness,  which  are  left 
to  cool.  .  This  method  is  necessarily  im- 
perfect. Only  the  lower  half  of  the  slag 
is  de vitrified;  but  imperfect  as  it  is,  it  fur- 
nishes an  excellent  material  for  paving, 
and  the  traveller  would  generally  be  aston- 
ished to  learn  that  the  pavement  over 
which  he  rides  is  nothing  more  than  an 
imperfectly  devitrified  blast  furnace  slag. 
As  only  a  very  small  portion  of  the  slag 
can  be  used  in  this  way,  slag  heaps  in 
Silesia  would  be  quite  as  prominent  a 
feature  of  the  landscape  as  they  are  in  the 
Lehigh  Valley,  if  the  furnaces  were  as 
numerous.  The  benefit  in  this  case  is  on 
the  side  of  the  road  maker,  rather  than 
on  that  of  the  iron  manufacturer. 

The  necessity  of  having  building  stone 
in  certain  countries  of  Europe,  where  it 
is  very  scarce,  led  to  a  long  series  of  ex- 
periments, which,  after  a  multitude  of 
failures,  resulted  in  the  manufacture  of  a 
very  useful  product  for  certain  kinds  of 
construction.  These  experiments  began 
at  a  charcoal  blast  furnace,  the  slag  from 
which  was  taken  out  of  the  fore-hearth 
with  a  ladle,  compressed  into  a  mould  and 
cooled  slowly.  In  order  to  keep  the  slag 
in  the  hearth  from  becoming  cool  it  was 
covered  over  with  charcoal.  A  small 
quantity  of  the  powder  of  the  charcoal  be- 
came mixed  with  the  slag,  and  effected  a 
partial  devitrification  in  the  moulds.  The 
attempt  to  apply  this  exceedingly  simple 
process  to  a  coke  furnace  failed  entirely. 
The  bricks  became  too  porous  from  the 
evolution  of  gases  resulting  from  the  ad- 
mixture of  coal  dust.  Sand  and  coke  dust 


were  then  substituted,  but  as  the  bricks 
were  still  fragile  they  are  now  annealed 
in  furnaces.  This  process  is  applied  in 
Konigshutte,  in  Silesia,  to  the  manufac- 
ture of  building  material,  of  which  some 
of  the  important  constructions,  of  the 
works  are  built.  The  slag  is  run  from  the 
furnace  into  a  hemispherical  basin  on 
wheels.  The  bottom  of  this  basin  is 
covered  with  sand  or  fine  coke  dust,  to  the 
depth  of  about  3  centimetres.  The  wagon 
is  then  drawn  to  the  point  where  the 
bricks  are  to  be  made.  The  slag  and  sand 
are  mixed  together  with  a  curved  iron 
tool  until  most  of  the  gases  have  escaped, 
and  the  mass  is  about  the  consistency  of 
dough.  It  is  then  drawn  with  the  same 
tool  into  a  mould  with  a  hinged  cover  and 
punctured  several  times  to  let  out  the  gas. 
The  cover,  which  fits  into  the  mould,  is 
then  turned  down  and  the  slag  becomes 
compressed.  By  the  time  three  or  four 
moulds  have  been  filled,  the  first  slag  brick 
is  sufficiently  solid  to  be  removed.  This 
is  done  by  raising  a  clamp  which  allows 
the  mould  to  separate.  The  red  hot  brick 
is  now  drawn  into  a  kiln,  covered  over 
with  powdered  coal  and  left  to  anneal. 
Each  kiln  contains  1000  bricks,  and  is 
from  3  to  4  days  in  cooling.  Four  men  can 
make  500  of  these  bricks  in  three  hours. 
The  loss  in  the  manufacture  from  break- 
age is  about  20  per  cent.  The  cost  of 
annealing  is  about  2  thalers  the  1000. 
These  bricks  are  rough  on  their  surfaces, 
but  on  account  of  their  larger  size  do  not 
require  more  mortar  than  an  ordinary 
brick.  They  do  not  readily  absorb  mois- 
ture, and  for  that  reason  are  exten- 
sively used  in  the  construction  of  foun- 
dations. The  pillars  supporting  the  main 
wind  pipes  at  Konigshutte  are  built  of 
this  material.  In  Silesia  these  bricks 
cost  25  per  cent,  less  than  ordinary  brick. 

A  brick  much  inferior  to  these  in  every 
respect  is  made  in  the  Hartz  Mountains 
out  of  the  lead  furnace  slags,  which  are 
silicates  of  iron.  These  are  moulded  and 
compressed,  and  are  used  for  buildings. 
As  the  bricks  are  very  brittle,  the  con- 
structions in  which  they  are  used  are  gen- 
erally covered  with  a  coat  of  mortar.  The 
buildings  of  the  immense  mechanical  prep- 
aration works  of  Ciausthal  are  built  of 
this  material. 

Mr.  Sepulcre,  a  Belgiau  engineer,  was 
one  of  the  first  who  successfully  trans- 
formed the  slaaf  into  a  stone  which  could 
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be  generally  used.  This  he  effected  by 
causing  the  slag  channels  to  terminate  in 
an  excavation  whose  sides  had  an  inclina- 
tion of  about  30  deg.,  and  whose  capacity 
varied  from  a  half  to  ten  cubic  metres. 
The  very  steep  inclination  of  the  sides 
causes  the  section  of  the  pits  to  increase 
very  rapidly,  and  this  allows  the  solid 
crust,  which  forms  on  the  surface  of  the 
liquid  slag,  to  rise  with  it  without  becom- 
ing attached.  The  slag  must  flow  contin- 
uously into  the  excavation,  and  if,  for  any 
cause,  there  is  an  interruption,  the  crust 
must  be  raised  to  allow  of  the  liquid  ma- 
terial flowing  underneath.  In  this  man- 
ner the  whole  mass  of  slag  in  the  pit  is 
sure  to  be  aU  liquid,  and  will  solidify  from 
above  and  under  pressure.  After  the  ex- 
cavation is  full,  it  is  left  for  5  to  10  days 
to  cool,  the  only  precaution  required  being 
to  cover  the  top  with  ashes  or  sand  to  a 
sufficient  depth  to  prevent  the  mass  from 
cooling  too  rapidly.  The  stone  so  pro- 
duced grows  hard  on  exposure  to  the  air. 
When  first  made  it  can  be  easily  broken 
into  any  required  shape,  but  after  expos- 
ure for  a  period  more  or  less  long,  it  be- 
comes so  much  harder  as  to  require  double 
the  number  of  tools  to  work  it. 

All  kinds  of  slag  are  not  suitable  for  this 
manufacture;  those  which  contain  too 
much  lime  fall  to  pieces  on  exposure.  In 
general,  it  may  be  said  that  they  should 
contain  from  38  to  44  per  cent,  of  silica, 
and  that  the  furnace  should  be  working  well. 

According  to  experiments  made  at  Con- 
servatoire des  Arts  et  Metiers,  in  Paris, 
this  stone,  when  made  from  slag  while  the 
furnace  was  running  on  white  iron,  never 
became  fissured  under  a  pressure  of  less 
than  242  k.  the  square  centimetre,  and 
was  crushed  at  a  pressure  of  886  k.  as  a 
minimum.  "When  made  from  gray  iron 
they  do  not  crush  under  a  pressure  of  less 
than  405  k.,  but  they  have  fissures  at  a 
pressure  as  low  as  222  k.,  or  a  little  less 
than  the  white  iron  slags.  This  material 
is,  therefore,  stronger  than  the  best 
marble. 

One  of  the  Belgian  furnaces  which  pro- 
duced 2,500  tons  of  slag  in  30  days,  made 
from  it  1,177  cubic  metres  of  stone.  The 
expense  of  manufacture  was  $820.  The 
material  sold  for  $1,600,  making  a  profit 
of  $780  in  30  days;  70  per  cent,  of  the 
slag  produced  was  profitably  used.  In 
order  to  introduce  it  the  price  was  put  25 
per  cent,  lower  than  ordinary  stone. 


In  certain  parts  of  Germany,  and  during 
the  late  war  in  our  own  country,  basalt 
and  certain  volcanic  rocks  were  used  in 
the  manufacture  of  glass.  But  little  is 
wanting  in  certain  blast  furnace  slags  to 
make  them  of  the  same  composition  as  ba- 
salt, and  this  fact  suggested  their  use  in 
the  manufacture  of  glass.  The  experi- 
ments which  were  made  with  slag  were  so 
successful  that  in  some  parts  of  Belgium 
some  of  the  glass  makers  have  contracted 
with  the  blast  furnaces  to  furnish  them  a 
certain  amount  of  slag  every  week.  One 
furnace  producing  30  tons  of  cast  iron  in 
24  hours,  that  I  visited,  during  the  last 
summer  furnished  one  day's  run  of  slag 
per  week  to  the  glass  makers.  To  prepare 
it  for  this  use  the  slag  is  run  out  on  cast 
iron  plates  and  cooled  with  water. 

Attempts  have  been  made  in  some  parts 
of  Europe  to  use  the  heat  evolved  by  the 
slags  for  domestic  purposes.  The  most 
simple  and  the  most  practical  one  is  the 
employment  of  the  heat  of  the  slag  by  the 
men  for  cooking,  or  heating  their  food  al- 
ready cooked.  Attempts  have  been  made 
to  use  it  for  heating  the  house,  near  the 
furnace,  by  allowing  it  to  run  into  iron 
moulds  and  placing  them  in  a  drum;  but 
the  expense  attendant  upon  it,  and  the 
trouble  of  constantly  changing  the  slags, 
probably  cost  more  than  the  saving  of 
fuel,  and  undoubtedly  kept  the  unfortu- 
nate persons  who  were  subject  to  this  ex- 
pensive economy  in  an  uncomfortable 
state  both  of  mind  and  body. 

Mr.  Miliary,  Director  of  the  Franche 
Comte  Iron  Company,  conceived  the  idea 
of  using  the  slags  by  granulating  them  as 
they  flow  from  the  furnace.  To  do  this  the 
trough  through  which  the  slags  run  is 
made  to  terminate  in  a  stream  of  water 
which  has  sufficient  velocity  to  carry  the 
grains  of  slag  into  a  pit  prepared  for  it, 
from  which  it  is  charged  into  wagons, 
without  further  expense,  by  an  endless 
chain  with  buckets.  The  engine  for  this 
purpose  is  run  by  the  gases  of  the  fur- 
nace, and  requires  scarcely  a  horse-power. 
In  these  works,  which  consist  of  5  blast 
furnaces,  each  producing  20  tons  in  24 
hours,  the  introduction  of  this  improve- 
ment resulted  in  a  saving  of  the  wages 
of  20  men  occupied  in  charging  the  slags, 
and  of  5  blacksmiths  who  repaired  their 
tools.  Much  larger  wagons  were  brought  to 
the  furnace,  which,  as  the  granulated  slag 
can  be  discharged  at  anyheight  by  the  end- 
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less  chain,  were  for  the  most  part  railroad 
cars.  No  one  is  now  employed  to  look 
after  the  slags,  as  the  whole  of  the  work 
can  be  done  by  the  founder  and  his  assist- 
ant. The  saving  thus  effected  amounts  to 
5,000  to  6,000  francs  a  year,  while  the 
cost  of  granulation  does  not  exceed  $0.07 
the  ton  of  slag.  This  rendered  the  slag 
portable  by  the  ordinary  methods  of  trans- 
portation, did  away  with  all  the  special 
tools  formerly  used,  and  reduced  the  labor 
of  getting .  rid  of  the  slag  to  almost 
nothing. 

The  granulated  slag  was  first  used  as 
gravel  in  the  works,  and  to  make  the  bed 
of  the  casting  house.  It  was  found  that 
from  such  a  casting  bed  the  pigs  came  out 
clean  and  bright,  and  were  preferred  by 
the  puddlers  even  to  those  cast  in  iron 
moulds.  This  method  of  using  the  slag  is 
now  of  almost  universal  application  in  the 
Siegen  district,  in  Prussia,  where  most  of 
the  furnaces  run  on  Spiegel.  The  grains  of 
iron  which  the  slag  contains  were  former- 
ly separated  by  stamping.  They  are  now 
separated  by  the  granulation  and  are 
caught  in  a  receptacle  for  the  purpose, 
while  the  light  porous  slag  is  carried  off  by 
the  water,  thus  avoiding  the  expense  of 
crushing  and  washing  to  which  all  the  fur- 
naces were  subjected  before  the  method 
of  granulation  was  introduced.  It  is  also  ex- 
tensively used  in  some  parts  of  France  and 
Belgium. 

The  extremely  clean  pigs  made  in  this 
casting  bed  of  granulated  slag  suggested 
its  further  use.  The  fine  dust  was  sifted 
out  and  used  to  sand  the  moulds  for  fine 
castings.  It  was  found  that  such  castings 
were  much  more  easily  cleaned,  and  that 
the  iron  was  quite  bright.  The  result  was 
a  better  and  cleaner  casting,  and  consid- 
erable saving  in  the  item  of  cleaning  them. 

As  these  uses  consumed  but  a  very 
small  part  of  the  slag,  it  was  offered  as 
ballast  to  the  railroad  companies  on  con- 
dition that  they  should  remove  it  them- 
selves. As  the  size  of  the  grain  can  be 
easily  regulated  by  the  velocity  and  direc- 
tion of  the  water,  the  railroad  companies 
were  not  slow  to  avail  themselves  of  these 
conditions,  and  soon  were  glad  to  pay  fox- 
it,  thus  furnishing  to  the  furnace  company 
a  revenue  from  wh»t  had  previously  been 
a  source  of  expense.  The  granulated  slag 
weighs  1,200  k.  the  cubic  metre.  Its  cost 
in  France,  where  it  is  used,  is  less  than 
half  the  price  of  sand.    It  is  exceedingly 


porous,  so  that  it  retains  very  little  mois- 
ture, and  yet  packs  sufficiently;  the  result 
is  that  it  will  bear  transportation  long  dis- 
tances, as  it  is  much  cheaper  than  ordina- 
ry gravel  and  better  adapted  to  the  pur- 
pose of  ballast. 

The  substitution  of  the  granulated  slag 
for  sand  in  construction  suggested  itself 
at  the  outset,  and  its  use  has  been  attend- 
ed with  excellent  results.  It  was  found 
that  some  of  the  slag  mortar  which  had 
been  left  over  after  some  repairs  where  it 
had  been  used,  became  solid  after  a  short 
time;  this  suggested  its  use  in  the  prepar- 
ation of  concrete,  and  in  the  construction 
of  foundation  walls.  A  number  of  experi- 
ments were  made  to  ascertain  the  exact 
nature  of  the  sand,  and  it  was  found  that 
100  grammes  of  granulated  slag  digested 
in  100  grammes  of  water  containing  0.15  g. 
of  lime  in  solution  absorbed  in  48  hours 
0.052  g.,  the  water  at  the  end  of  this  time 
retaining  only  0.098  g.  of  lime  in  solution. 

The  manufacture  of  bricks  from  this 
material  immediately  suggested  itself. 
Persons  who  have  been  in  the  habit  of 
travelling  on  the  Rhine  will  probably 
have  noticed  in  the  vicinity  of  Neuwied 
long  rows  of  white  bricks  of  all  shapes, 
pipes,  and  more  or  less  complicated  pieces 
for  building  purposes,  piled  drying  in  the 
sun.  This  material  is  manufactured  from 
a  granulated  pumice  which  is  found  here 
at  a  depth  of  a  few  inches  from  the  sur- 
face. It  is  simply  mixed  with  lime,  press- 
ed and  sun-dried.  It  is  very  extensively 
used  on  the  Rhine  and  in  its  vicinity.  It 
is  of  this  material  that  the  interior  arch  of 
the  roof  of  Cologne  Cathedral  is  said  to  be 
constructed.  This  pumice  resembles  the 
granulated  slag.  The  proprietors  of  the 
Greorg-Marien  Hutte,  in  Hanover,  adopted 
the  suggestion,  commenced  the  manufac- 
ture of  this  kind  of  brick  from  slag,  and 
are  so  well  satisfied  with  it  that  they  use 
it  in  the  place  of  bricks  for  the  construc- 
tion of  their  buildings.  The  bricks  there, 
at  the  time  of  my  visit,  were  made  at  some 
disadvantage  with  imperfect  machinery, 
yet  they  cost  much  less  than  ordinary 
brick.  Once  out  of  the  machine  the  bricks 
are  simply  sun-dried,  and  can  be  very 
quickly  used  in  construction.  They  give 
a  light  cheerful  air  to  the  buildings,  and 
make  a  warm  and  exceedingly  comfortable 
house  at  a  very  small  cost.  It  is  remarka- 
ble what  can  be  done  when  the  necessity 
exists.  I  saw  at  Kreutznach  on  the  Rhine, 
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and  iu  the  Siegen  district,  bricks  made 
from  ordinary  coal  ashes  mixed  with  lime 
and  sun-dried,  which  had  stood,  during 
several  years  of  exposure,  with  no  sign  of 
deterioration.  The  manufacturer  assured 
me  that  there  were  seven  or  eight  large 
establishments  for  the  manufacture  of  this 
coal  ash  brick  in  Germany. 

In  some  parts  of  Europe  there  is  a  de- 
mand for  bricks  covered  with  an  enamelled 
surface.  By  coating  the  surface  of  the 
unburned  brick  with  granulated  slag  and 
then  burning  it,  out  of  the  direct  contact 
of  the  coal,  it  was  found  to  produce  an 
enamel  of  different  colors,  varying  with 
the  composition  of  the  slag  ;  and  it  is 
suggested  that  such  bricks  as  these  can  be 
made  without  any  extra  cost  by  simply 
replacing  the  ordinary  sand  with  which 
the  men  cover  the  tools,  to  prevent  the 
adherence  of  the  clay  with  the  granulated 
slag  sand.  It  might  be  used  to  advantage 
in  the  manufacture  of  tiles,  drain  pipes, 
and  coarse  pottery  generally. 

By  mixing  a  certain  proportion  of  this 
granulated  sand  with  clay  it  was  found 
that  the  articles  so  manufactured  were 
capable  of  undergoing  sudden  changes  of 
temperature  without  breaking.  This  sug- 
gested the  use  of  a  certain  amount  of  the 
artificial  sand  in  the  manufacture  of  fire 
bricks;  and  after  a  certain  number  of  pre- 
liminary assays  in  a  blacksmith's  forge,  a 
furnace  for  melting  brass  was  constructed 
in  making  the  fire  bricks,  for  which  the 
calcined  sand  was  replaced  by  granulated 
slag.  These  bricks  were  quite  as  service- 
able as  any  others,  and  underwent  no  al- 
teration after  3  months'  trial.  It  is  pro- 
posed now,  after  a  sufficient  number  of 
assays  shall  have  been  made,  to  use  this 
material  in  the  manufacture  of  bricks  for 
the  puddling  furnace. 

Another  application  of  the  granulated 
slag  is  its  use  for  agricultural  purposes. 
The  important  part  which  carbonic  acid 
plays  in  rendering  soluble  the  different 
mineral  substances  which  plants  require 
for  their  growth  is  well  known.  It  was 
found  that  by  digesting  100  grammes  of 
granulated  slag  in  water  charged  with 
carbonic  acid  for  a  period  of  48  hours, 
1.6  g.  had  been  dissolved.  This  renders 
it  probable  that  it  can  be  very  profitably 
used  on  calcareous  soils,  while  the  large 
quantity  of  lime  contained  renders  it  likely 
that  it  will  prove  equally  serviceable  on 
silicious  soils.     The  very  fine  state  of  di- 


vision to  which  it  may  be  reduced  at  a 
very  small  cost  is  favorable  to  its  decom- 
position in  the  soil. 

Blast  furnace  slags  gelatinize  in  acids, 
and  they  are,  therefore,  very  suitable  for 
the  manufacture  of  cement.  Pelouse  and 
Fremy,  in  the  last  edition  of  their  work 
on  general  chemistry,  cite  them  as  being 
eminently  fit  for  this  purpose. 

The  possibility  of  having  them  in  such 
form  as  gramilated  slag,  reduces  the  price 
of  the  pulverized  material  to  a  sum  so 
small  that  in  certain  parts  of  Germany  an 
artificial  cement  equal  in  every  respect  to 
the  best  Portland  cement  is  manufactured 
at  a  price  so  low  as  to  yield  a  large  profit, 
and  yet  very  much  undersell  it.  Very 
large  works  for  the  manufacture  of  this 
artificial  cement  are,  during  this  year,  to 
be  constructed  on  the  result  of  experi- 
ments, lasting  over  several  years,  at  one 
of  the  large  German  iron  works. 

Considerable  attention  has  been  paid  in 
Belgium  and  Germany  to  the  use  of  the 
slags  for  the  manufacture  of  chemical 
products.  These  were  first  salts  of  alum- 
ina, then  salts  of  lime  as  an  incidental 
product,  and  lately  the  use  of  the  silica 
extracted  for  the  manufacture  of  soluble 
glass.  This,  of  course,  necessitates  the 
location  of  the  blast  furnaces  at  some 
point  near  a  large  acid  manufactory.  It 
does  not  seem  likely  that  this  method  will 
ever  be  used  on  a  large  scale  in  this  coun- 
try, where  material  containing  a  much 
larger  percentage  of  these  substances  can 
be  had  almost  as  cheaply  as  the  granulated 
slag,  which  must,  of  course,  be  used  to 
bring  the  manufacture  of  chemicals  even 
within  reach  of  probable  profit. 

In  certain  conditions  of  the  furnace  the 
slag  is  spun  by  the  blast  into  fine  fibres, 
and  makes  a  substance  which  is  some- 
times called  "  furnace  wool."  This  ma- 
terial is  a  very  bad  conductor  of  heat, 
and  it  has  recently  been  proposed  to  use 
it  as  packing,  to  prevent  loss  of  heat 
about  boilers,  etc. 

I  have  thus  rapidly  sketched  some  of 
the  uses  to  which  this  hitherto  worse  than 
useless  material  may  be  put.  But  few  of 
these  are  likely  to  find  any  application 
in  this  country.  The  manufacture  of 
paving  stone  where  good  material  for  that 
purpose  is  wanting,  may  be  carried  on 
successfully.  It  requires  but  little  care, 
but  the  slags  must  be  of  very  nearly  con- 
stant composition,  and  must   not  change 
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their  form  after  cooling.  The  material, 
when  properly  made,  wears  well,  and  has 
been  laid  in  some  of  the  cities  of  Europe, 
under  severe  tests,  for  several  years.  I 
have  a  number  of  such  blocks  in  the 
metallurgical  collection  of  the  School  of 
Mines,  taken  up  after  7  years'  use,  at  my 
request,  from  the  streets  of  one  of  the  lar- 
gest cities  in  Europe. 

The  manufacture  of  the  granulated 
slag  bricks,  when  wood  for  building  pur- 
poses is  cheap,  is  not  likely  to  come  into 
use.  But  in  every  case  where  brick  or 
stone  is  to  be  used  it  is  cheaper  and  pref- 
erable, and  the  manufacture  once  start- 
ed, it  is  more  than  likely  that  if  such 
bricks  will  stand  our  severe  climate,  and 
there  seems  no  reason  why  they  should 
not  wear  here  as  well  as  in  the  large 
establisments  where  I  saw  them  used,  they 
will  be  adopted  for  these  constructions. 
The  use  of  the  slag  in  the  place  of  sand 
will  follow  as  a  matter  of  course  when  it 
is  granulated,  and  also  its  use  for  agri- 
cultural purposes. 

The  most  valuable  of  all  the  uses,  how- 
ever, is  that  of  cement.  I  have  seen  cement 


equal  to  any  of  the  best  Portland  cement 
made  at  a  very  small  cost,  and  this  from 
any  slag,  no  matter  how  the  composi- 
tion varies.  The  great  advantage  of  hav- 
ing a  suitable  substance  for  the  manu- 
facture of  cement,  in  such  a  condition 
that  at  very  small  co.st  it  can  be  reduced 
to  an  impalpable  powder,  is  apparent. 
This  manufacture  of  cement  is  not  to  be 
confounded  with  the  adulteration  of  ce- 
ment by  slag,  which  is  said  to  be  carried 
on,  on  a  large  scale,  in  England.  The 
slag,  before  it  is  manufactured,  will  of 
course  deteriorate  the  value  of  the  cement 
with  which  it  is  mixed,  though  it  is  a 
better  adulteration  than  ordinary  sand, 
and  may  perhaps  be  honestly  undertaken 
in  the  belief  that  the  pulverized  slag 
alone  has  some  of  the  properties  of  ce- 
ment. The  construction  of  a  large 
manufactory,  after  several  years'  experi- 
ment in  one  of  the  largest  woi'ks  of 
Germany,  seems  to  be  a  guarantee  that 
we  may  hereafter  use  cement  in  con- 
struction more  freely,  and  be  able  to 
procure  at  a  small  cost  a  better  article 
than  we  now  have. 


TELEGEAPHY  WITHOUT  INSULATION— A  CHEAP  MEANS  OF 
INTERNATIONAL   COMMUNICATION. 

Br  h.  highton,  m.  a. 

From  "Journal  of  the  Society  of  Arts." 


I  have  for  many  years  been  convinced 
of  the  possibility  of  telegraphing  for  long 
distances  without  insulation,  or  with  wires 
very  imperfectly  insulated  ;  but  till  lately 
I  had  not  the  leisure  or  opportunity  of 
trying  sufficient  experiments  bearing  on 
the  subject. 

After  the  failure  of  the  first  Atlantic  ca- 
ble, and  shortly  before  the  laying  of  the 
present  ones,  when  it  was  very  doubtful 
whether  funds  could  be  procured  for  the 
laying  of  a  fresh  cable,  I  wrote  to  the  sec- 
retary of  the  Atlantic  Telegraph  Compa- 
ny, proposing  to  try  experiments  for  the 
purpose  of  ascertaining  whether  it  would 
be  feasible  to  use  a  cheap  form  of  imper- 
fectly insulated  wire.  After  some  corres- 
pondence on  the  subject,  the  matter  end- 
ed by  my  being  informed  that  the  com- 
pany had  succeeded  in  procuring  suffi- 
cient capital  for  a  new  wire  thoroughly 
insulated. 


I  need  hardly  say  that  the  idea  has 
been  pronounced  on  all  hands  to  be  en- 
tirely visionary  and  impossible,  and  I 
have  been  emphatically  warned  of  the 
folly  of  incurring  any  outlay  in  a  matter 
where  every  attempt  of  the  kind  had  hith- 
erto failed.  But  I  was.  so  thoroughly 
convinced  of  the  soundness  of  my  views, 
and  of  the  certainty  of  being  able  to  go  a 
considerable  distance  without  any  insula- 
tion, and  any  distance  with  very  imperfect 
insulation,  that  I  commenced  some  o  or  4 
months  since  a  systematic  series  of  exper- 
iments, with  a  view  to  test  my  ideas  prac- 
tically. I  accordingly  began  by  trying 
various  lengths  of  wire,  dropped  in  the 
Thames  from  boats,  and  soon  found  that 
I  could,  without  the  slightest  difficulty, 
exceed  the  limits  mentioned  by  practical 
men  as  the  utmost  lengths  through  which 
it  was  possible  to  succeed.  This  method 
of  experimenting,  however,  was  attended 
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•with  much  difficulty  and  inconvenience,  in 
consequence  of  the  rapidity  of  the  tides 
and  the  motion  of  the  boats. 

I  next  tried  wires  across  the  Thames, 
but  had  them  broken  5  or  6  times  by  the 
strength  of  the  tide  rushing  against  the 
pieces  of  weed  and  floating  rubbish,  such 
as  cotton-waste,  etc.,  which  became  en- 
tangled in  them,  and  by  barges  dragging 
their  anchors  across  them.  I  then  put 
my  instruments  in  my  own  room,  on  the 
banks  of  the  river,  and  sent  a  boat  down 
the  stream  with  a  reel  of  wire,  and  a  bat- 
tery to  signal  to  me  at  different  distances, 
in  order  to  obtain  some  idea  of  the  law  of 
decrease  of  power  according  to  distance. 
The  success  was  so  much  beyond  my  ex- 
pectations that  I  next  obtained  leave  to 
lay  down  wires  in  Wimbledon  Lake,  in 
order  to  study  more  at  my  leisure  the 
laws  and  phenomena  which  attended  the 
transmission  of  currents  through  uninsu- 
lated wires.  I  found  to  my  surprise  (as  I 
shall  show  you  presently  by  experiment), 
that  water  itself  is  so  perfect  an  insulator 
for  electricity  of  low  tension,  that  wires 
charged  with  electricity  of  either  name 
retained  the  charge  with  the  utmost  ob- 
stinacy ;  and,  whether  from  the  effect  of 
polarization  (so  called),  or,  as  I  am  rather 
inclined  to  suppose,  from  the  electrization 
of  the  successive  strata  of  water  surround- 
ing the  wire,  a  long  wire,  brought  to  a 
state  of  low  electrical  tension,  will  retain 
that  tension  for  minutes  or  even  hours. 
Notwithstanding  attempts  to  discharge 
the  tension  every  5  sec,  I  have  found  that 
a  copper  surface  of  10  or  12  sq.  ft.,  in 
fresh  water,  will  retain  a  very  appreciable 
tension  for  a  whole  quarter  of  an  hour  ; 
and  even  when  we  attempt  to  discharge 
it  continuously  through  a  resistance  of 
about  30  units,  it  will  retain  an  apprecia- 
ble though  gradually  decreasing  tension 
for  5  or  6  min.  "When  I  show  you  this,  as 
I  shall  do  presently,  you  will  see  that 
there  is  no  such  thing  in  reality  as  what 
telegraphists  call  dead  earth,  and  that  the 
idea  of  it  is  due  entirely  to  imperfect  ob- 
servation with  instruments  not  sufficiently 
sensitive.  What  the  true  theory  of  this 
may  be,  matters  but  little  ;  the  fact  re- 
mains the  same,  that,  in  some  way  or 
other,  every  liquid  is  for  currents  of  low 
tension  a  very  good  insulator  ;  in  fact, 
there  is  no  such  thing  as  a  perfect  insu- 
lator— copper,  water,  earth,  glass,  gutta- 
percha, ebonite,  etc.,  are   all  partly  con- 


ductors and  partly  insulators.  Water  and 
earth  occupy  an  intermediate  position  be- 
tween copper  and  the  best  insulators,  such 
as  glass  or  gutta-percha,  and  may  be  used 
as  we  wish,  either  as  conductors  or  insu- 
lators. The  question  between  all  sub- 
stances is  merely  one  of  degree. 

Since  that  time,  in  order  to  gain  a 
greater  insight  into  the  subject,  I  have 
constructed  an  artificial  line,  consisting 
of  resistance  coils,  condensers,  and  plates 
of  copper  in  liquids,  acting  at  once  as 
faults  and  as  condensers  (for,  in  fact,  they 
are  by  far  the  most  simple  and  effectual 
condensers  that  can  be  used),  so  that  I 
might  learn  as  far  as  possible  to  what 
extent  and  for  what  distances  the  prin- 
ciple of  non-insulation  can  be  carried,  and 
I  have  satisfied  myself  that,  though  there 
are  difficulties  in  very  long  lengths  abso- 
lutely uninsulated,  yet  that  it  is  quite 
feasible  to  telegraph  even  across  the  At- 
lantic with  an  insulation  even  amounting 
to  a  single  unit,  instead  of  the  170,000  units 
of  the  present  cables.* 

I  should  add,  too,  that  there  is  this 
peculiarity  about  faults,  where  the  cur- 
rent is  conducted  away  by  a  liquid  con- 
ductor, that  the  passage  of  the  electricity 
from  a  metal  to  a  liquid  creates  of  itself 
a  reaction  on  the  metal,  which  is  felt  more 
or  less  in  every  part  of  the  wire,  and 
which  may  be  appreciated  by  instruments 
of  sufficient  sensitiveness. 

The  instrument  with  which  I  propose 
to  work  is  the  gold-leaf  instrument,  adapt- 
ed by  me  for  telegraphic  purposes  26 
years  ago,  acted  upon  by  a  powerful  elec- 
tro-magnet, and  with  its  motions  optically 
enlarged.  The  exclusive  use  of  this  in- 
strument in  England  was  purchased  from 
me  by  the  Electric  and  International  Tele- 
graph Company,  but  it  was  never  practi- 
cally used,  except  in  Baden,  where  a 
government  commission  recommended  it 
as  the  best  instrument;  but  to  work  it 
properly  requires  a  good  deal  of  care  and 
adaptation  to  circumstances,  and  presents 
certain  difficulties  which  probably  no  one 
but  the  inventor  would  take  the  trouble 
or  have  the  requisite  practical  experience 
to  overcome;  and  as  for  many  years  I  was 
fully  occupied  otherwise,  and  had  no 
personal  interest  in  the  matter,  the  value 


*  170, 000  or  180,000  units  was  about  the  insulation  of  the 
Atlantic  cables  before  laid  ;  when  laid,  the  insulation  was 
said  to  reach  more  than  2,000,000  units,  but  these  details  are 
very  much  kept  as  secrets. 
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and  capabilities  of  the  instrument  were 
never  recognized.  I  propose  now  to  ex- 
hibit to  you  the  instrument,  as  adapted 
for  the  use  of  imperfectly  insulated  wires, 
and  point  out  to  you  some  of  its  merits. 
One  of  its  chief  merits  is  its  extreme 
lightness.  Judging  by  the  resistance  it 
presents  to  the  electrical  current,  it  would 
appear  that  the  piece  of  gold  in  the  in- 
strument I  am  now  showing  to  you  does 
not  weigh  more  than  ¥  Jy-jj  part  of  a  grain, 
but  probably,  as  a  considerable  part  of  the 
resistance  lies  in  the  junction  of  the  gold 
with  the  brass,  and  the  leaf  is  full  of  holes, 
resembling  a  wire-gauze,  and  so  increas- 
ing the  resistance,  it  may  be  safer  to  esti- 
mate its  weight  by  its  size,  and  reckon  by 
the  number  of  square  inches  which  it  is 
said  a  grain  of  gold  is  made  to  cover  by 
the  gold-beater,  which  would  make  it 
come  to  about  four  times  that  weight,  or 
Too"  Par^  °f  a  grain.  But  at  any  rate,  in 
order  to  make  a  visible  signal,  we  only 
have  to  move  a  very,  very  small  fraction 
of  a  grain  through  a  very,  very  small  frac- 
tion of  an  inch.  You  may  judge  of  its  deli- 
cacy when  I  show  you  that  the  warmth  of 
the  hand,  or  even  a  look,  by  means  of  the 
warmth  of  the  face  turned  towards  a 
thermopile,  can  transmit  an  appreciable 
signal  through  a  resistance  equal  to  that 
of  the  Atlantic  cable.  On  mentioning  this 
to  a  young  lady  of  my  acquaintance,  she 
inquired  whether  a  kiss  could  not  also 
thus  be  transmitted  to  America.  I  as- 
sured her  it  was  perfectly  possible;  a  kiss 
imprinted  on  a  thermopile  in  England 
will  signal  itself  in  America;  and  a  modern 
Pyramus  and  Thisbe,  instead  of  kissing 
through  a  hole  in  a  wall,  may  exchange  a 
grasp  of  the  hand,  a  kiss,  a  glance,  across 
the  broad  surface  of  the  Atlantic.  I  put 
on  the  resistance  of  the  Atlantic  cable, 
still  you  will  see  a  look  at  this  thermo- 
pile gives  enough  power  for  a  signal,  a 
grasp  of  the  hand  a  greater  signal  still, 
and  a  kiss  gives  abundant  evidence  of  the 
warmth  of  the  lips,  which  are  at  once  separ- 
ated and  brought  near  by  a  wire,  whose 
resistance  is  equal  to  2,000  miles  of  the 
Atlantic  cable.  Another  great  advantage 
of  this  gold-leaf  instrument  is  its  ready 
adaptability  to  the  circumstances  in 
which  it  may  be  placed.  According  to 
the  conditions  in  which  it  may  be  used,  it 
is  extremely  easy  to  increase  or  diminish 
its  length  or  breadth  or  tension.  Thus, 
increase  of  length  or  diminution  of  breadth 


increases  the  resistance,  but  increases  the 
sensitiveness;  and  again,  partaking  as  it 
does  partly  of  the  character  of  a  pendu- 
lum and  partly  of  a  musical  string,  the 
rapidity  of  vibration  is  increased  by  giv- 
ing a  greater  tension  and  greater  short- 
ness, though  the  sensitiveness  is  dimin- 
ished; so  that,  in  fact,  you  can  accommo- 
date it  to  the  peculiar  circumstances  of 
any  cable.  Again,  you  notice  the  dead- 
ness  of  the  motion,  and  the  total  absence 
of  swing,  which,  whenever  a  needle  is 
used,  always  more  or  less  tends  to  con- 
fuse the  signals.  It  is  tiue  that  in  long 
lines  this  is  not  so  observable;  because, 
from  the  electro-static  capacity  of  such 
lines,  the  effect  resembles  rather  that  of 
a  gradual  push  of  the  needle  than  of  a 
blow;  but  still,  in  the  gold  leaf,  owing  to 
the  resistance  of  the  air,  vibration  is,  un- 
der all  circumstances,  almost  entirely 
prevented,  and  as  the  resistance  of  the  air 
varies  probably  about  as  the  square  of  the 
rapidity  of  the  motion,  when  the  power 
and  consequently  the  motion  is  but  small, 
we  only  get  a  very  small  resistance.  But 
the  greatest  advantage  of  all  is  that  we  can 
increase  the  sensitiveness  without  increas- 
ing the  resistance,  simply  by  increasing 
the  power  of  the  electro-magnet. 

Wherever  there  is  a  fault,  that  is,  wher- 
ever there  are  two  or  more  courses  open 
to  the  current  of  electricity,  we  know  the 
current  divides  itself  in  an  inverse  ratio 
to  the  resistance  of  each  path  open  to  it. 
But  in  all  ordinary  galvanometers,  if  we 
want  to  increase  the  sensitiveness,  w»e 
must  increase  the  length,  and  consequently 
the  resistance  of  the  wire,  but  in  this  in- 
strument we  can  increase  the  sensitive- 
ness almost  to  any  extent  by  simply  in- 
creasing the  power  of  the  electro-magnet, 
without  in  the  slightest  degree  increasing 
the  resistance  of  the  instrument  to 
the  current.  Thus,  for  ordinary  pur- 
poses an  ordinary  magnet  is  suffi- 
cient; but  when  we  want  to  detect  very 
small  amounts  of  electricity,  then  by 
increasing  the  power  of  the  magnet  and 
the  power  of  the  microscopic  contrivance 
for  making  visible  very  small  motions  of 
the  gold-leaf,  we  may  arrive  at  almost  any 
degree  of  sensitiveness — there  is,  in  fact, 
scarcely  a  limit  to  the  instrument  in  this 
respect. 

But  now  that  I  have  explained  to  yon 
the  construction  of  the  instrument,  per- 
haps it  is  the  best  time  to  show  you  by 
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experiment  how  tenaciously  a  piece  of 
copper  in  water  will  retain  a  state  of  elec- 
trical tension. 

Here  is  a  tub  of  fresh  water,  with  cop- 
per plates  presenting  to  each  other  al- 
together about  14  sq.  ft.  of  surface.  I 
charge  these  plates  with  electricity  from 
a  battery  of  about  the  tension  of  a  Daniell, 
and  you  see  how  tenaciously  it  retains  the 
electricity  I  impart  to  it;  in  fact,  it  will  go 
on  gradually  discharging  itself  for  5  or 
6  min.  through  the  small  resistance  of  this 
piece  of  gold  leaf.  I  charge  it  with  elec- 
tricity of  the  opposite  name,  and  the  result 
is  the  same. 

I  now  do  the  same  with  a  tub  of  salt 
water,  and  the  result  is  still  the  same, 
though  less  marked.  In  fact,  these  plates, 
with  the  water  between,  represent  the  two 
metallic  plates  of  a  Leyden  jar,  and  the 
water  retains  the  electricity  of  this  small 
tension  with  much  more  obstinacy  than 
the  glass  of  a  Leyden  jar  does  the  elec- 
tricity of  a  higher  tension. 

Indeed,  it  is  a  fact  of  the  highest  im- 
portance in  telegraphy,  that  when  there  is 
a  fault,  electricity  of  a  high  tension,  say 
of  20  or  30  Daniells,  will  almost  wholly 
escape  by  it,  and  leave  none  for  the  in- 
strument; whereas  electricity  of  a  small 
tension,  with  a  large  battery  surface,  will 
pass  through  the  instrument  with  very 
little  diminution  of  power.  This  is  most 
strikingly  shown  by  the  use  of  an  ordinary 
tangent  galvanometer. 

I  cannot  well  show  it  to  a  large  audi- 
ence like  the  present,  therefore  I  will  only 
inform  you  that,  when  I  have  taken  two 
currents,  each  marking  30  deg.  on  the 
galvanometer,  the  one  of  high  tension 
proceeding  from  about  30  deg.  Daniells, 
and  the  other  from  a  single  cell  of  the 
tension  of"  one  Daniell,  but  presenting 
small  internal  resistance,  a  fault  equivalent 
to  the  exposure  of  a  mile  of  No.  1 6  wire 
in  sea- water  will  annihilate  all  appreciable 
effects  on  the  galvanometer  with  the  cur- 
rent ofhigh  tension,  whereas  the  current 
of  low  tension  will  still  show  on  the  gal- 
vanometer as  much  as  20  deg. 

In  fact,  the  general  law  that  a  current 
divides  itself  in  inverse  ratio  to  the  resist- 
ance is  very  deceptive,  unless  when  mod- 
ified by  a  consideration  of  the  character 
and  source  of  the  currents.  You  will  see 
then  the  extreme  importance  of  the  use  of 
currents  of  low  tension  proceeding  from  a 
large  surface,  and  how  a  faulty  cable  can 


be  used  with  such  currents  when  it  is  ab- 
solutely useless  for  currents  of  a  higher 
tension. 

There  are  three  ways  of  telegraphing 
without  insulation  :  one,  only  feasible  for 
short  distances  :  a  second,  which  I  think 
will  be  found  the  most  practicable;  and  a 
third,  in  the  practical  working  of  which, 
for  very  long  distances,  several  difficul- 
ties (though  I  by  no  means  say  insupera- 
ble difficulties)   present  themselves. 

To  explain  the  first  plan,  we  will  take 
the  case  of  a  river,  and  in  the  water  near 
one  bank  place  the  copper  plates  A  and  B, 
and  connect  them  with  a  wire,  in  which 
is  placed  a  battery,  P.  Near  the  opposite 
bank  take  similar  plates,  C  and  D,  con- 
nected by  a  wire  in  which  is  placed  a  gal- 
vanometer. Between  A  and  B  the  current 
will  pass  by  every  possible  route,  in  quan- 
tities inversely  proportional  to  the  resist- 
ance of  each.  Consequently,  part  will 
pass  from  A  to  C,  from  C  to  D,  and  from 
D  to  B,  and  some  part  also  from  A  to  D, 
from  D  to  C,  and  from  C  to  B.  (Dia- 
grams exhibited.) 

Now,  if  the  plates  be  large,  and  A  and 
C  and  B  and  D  (respectively)  compara- 
tively near  to  each  other,  a  very  apprecia- 
ble current  will  pass  from  A  to  C  and  from 
D  to  B  ;  but  if  the  plates  be  small,  the 
power  of  the  battery  small,  and  the  dis- 
tance from  C  to  D  and  from  A  to  B  com- 
paratively short,  no  appreciable  amount 
will  pass  from  C  to  D — indeed,  about  as 
much  will  pass  from  D  to  C.  I  do  not 
hesitate  to  say  that  it  would  be  physically 
possible,  by  erecting  a  very  thick  line  of 
wire  from  the  Hebrides  to  Cornwall,  by 
the  use  of  enormous  plates  at  each  ex- 
tremity, and  by  an  enormous  amount  of 
battery  power,  to  transmit  a  current  which 
would  be  sensibly  perceived  in  a  similar 
line  of  very  thick  wire,  with  very  large 
plates,  on  the  other  side  of  the  Atlantic. 
But  the  expense  and  trouble  would  prob- 
ably be  much  greater  than  that  of  throw- 
ing a  wire  across.  I  tried  the  experiment 
by  taking  out  two  boats,  hanging  plates 
out  at  the  bow  and  stern,  and  placing  a 
battery  in  one  and  a  sensitive  galvanome- 
ter in  the  other,  and  mooring  them  at 
different  distances.  In  this  way  I  saw 
how  rapidly  the  perceptible  current  in  the 
second  boat  diminishes  when  the  distance 
between  the  boats  very  much  exceeds  the 
length  of  each. 

I  scarcely  know  a  more  instructive  ex- 
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periment  than  this  one.  I  will  show  it 
you  on  a  small  scale  in  a  tub  of  water. 

The  nest  is  the  simplest  and  most  fea- 
sible plan,  namely,  throwing  across  the 
sea  two  wires  kept  from  metallic  contact 
with  each  other,  and  then  working  with 
that  portion  of  the  current  which  prefers 
to  pass  through  this  metallic  circuit  in- 
stead of  passing  across  the  liquid  conduc- 
tor. Use  currents  of  low  tension  from 
large  surfaces,  and  it  is  astonishing  how 
large  a  portion  of  the  current  will  pass 
through  a  metallic  circuit  in  preference  to 
crossing  the  water.  The  arrangement  of 
the  battery  must  be  varied  according  to 
the  amount  of  insulation  given  to  the  wire 
and  the  position  of  the  principal  faults. 

I  should  again  observe  that  the  elec- 
tricity itself  which  passes  from  wire  to 
wire  through  the  faults  creates  a  reacting 
current  through  the  metallic  circuits,  of 
feeble  tension,  it  is  true,  but  still  suffi- 
cient to  give  adequate  signals  for  very 
long  distances;  so  that  if  we  extend  across 
the  Atlantic  two  wires  kept  from  metallic 
contact  with  each  other,  but  so  inade- 
quately insulated  from  the  water  as  to 
present  throughout  their  length  only  a 
single  unit  of  resistance  as  insulation  (and 
this  is  not  a  very  difficult  problem),  we 
have  a  telegraph  sufficient  for  all  pur- 
poses. "VVe  have  nothing  to  do  but  to 
work  with  a  low  tension  through  an  in- 
strument of  sufficient  delicacy,  and  by 
increasing  the  magnetic  power  acting  on 
the  gold  leaf,  we  can  increase  the  sensi- 
tiveness almost  without  limit,  without 
adding  to  the  resistance.  By  using  a 
wholly  metallic  circuit  we  escape  all  the 
effects  of  earth  currents,  which  otherwise 
I  should  suspect  would  cause  considera- 
ble inconvenience  with  an  instrument  of 
such  great  delicacy. 

The  third  method  is  to  throw  a  single 
wire  imperfectly  insulated  across  the  sea, 
to  place  at  the  opposite  end  a  very  large 
earth  plate,  and  possibly  (in  order  to 
diminish  the  resistance)  to  place  it  in  a 
salt  pond  of  hot  water,  kept  hot  by  arti- 
ficial means. 

Now  any  electrical  tension  thrown  on 
this  wire  transmits  itself  more  or  less, even 
to  its  opposite  extremity,  and  will  show 
itself  on  any  instrument  of  small  resist- 
ance placed  in  the  length  of  the  wire. 

There  are  certain  difficulties  in  this 
way  of  working,  such  as  the  effect  of  earth 
currents;  or  when  the  earth -plate,  either 


from  a  difference  in  the  quality  of  the  cop- 
per, or  of  the  character  of  the  water  in 
which  it  is  placed,  is  in  itself  in  a  state  of 
tension  somewhat  different  to  that  of  the 
wire,  and  so  keeps  the  instrument  perma- 
nently deflected  from  zero,  necessitating 
special  means  of  counteraction ;  and  again 
the  necessity  of  working  principally  with 
zinc  currents,  to  prevent  the  destruction 
of  the  wire. 

I  have  no  doubt,  from  my  experiments, 
that  these  difficulties  may  be  all  overcome, 
but  still  I  think  the  simplest  and  most 
feasible,  and  not  more  expensive  plan  will 
be  to  work  with  two  wires  kept  from  me- 
tallic contact,  and  with  electricity  of  a 
very  low  tension. 

Perhaps  I  ought  here  to  say  a  few 
words  about  that  bugbear  to  submarine 
telegraphists,  electro-static  induction,  or 
the  Ley  den  jar  action.  I  will  try  to  ex- 
plain this  very  simply,  as  there  is  really 
nothing  abstruse  about  it.  Every  long 
wire,  and  especially  a  wire  under  the  sea 
or  earth,  is  in  reality  a  prolonged  Leyden 
jar.  The  instant,  therefore,  that  a  cur- 
rent is  sent  into  it,  it  diffuses  itself  over 
the  whole  surface  of  the  wire.  This  ac- 
tion (as  for  as  we  know,  and  no  proof  is 
given  to  the  contrary)  is  perfectly  instan- 
taneous. The  electricity  contained  in  the 
wire  also  instantly  begins  to  discharge 
itself  through  any  leak;  and  the  signalling 
instrument  is  but  a  leak  in  the  jar.  But 
as  a  small  quantity  of  electricity  diffused 
over  a  large  space  has  but  a  small  tension, 
time  is  required  before  the  wire  is  charg- 
ed sufficiently  to  produce  any  great  ef- 
fect by  its  discharge.  If,  therefore,  an  in- 
strument like  a  Morse  be  used,  or  indeed 
any  instrument  in  which  there  is  friction, 
a  considerable  time  will  elapse  before 
sufficient  electricity  is  accumulated  to  give 
a  signal.  But  with  an  instrument  so  deli- 
cate as  the  gold-leaf  instrument  an  appre- 
ciable effect  is  instantaneously  produced, 
that  is,  instantaneously  as  far  as  we  can 
perceive,  and  though  no  doubt,  if  a  cur- 
rent be  continued  to  be  sent  into  the  wire, 
the  effect  accumulates,  still  practically  I 
do  not  think  any  real  difficulty  will  be 
found  from  retardation.  A  little  practice 
and  a  due  knowledge  of  the  real  scientific 
character  of  the  problem,  so  far  as  I  can 
judge  from  experiments,  will  easily  enable 
us  to  deal  with  the  special  difficulties 
which  may  arise.  I  will  presently  show 
you  the  practical  working  of  this  Leyden 
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jar  action  very  strikingly.  You  will  see 
that  with  a  needle  where  there  is  friction, 
the  charge  accumulates  till  the  power  is 
sufficient  to  overcome  the  iuitial  friction, 
which  is  always  greater  than  the  subse- 
quent friction.  The  needle  then  gives  a 
jump;  then,  after  a  few  seconds,  another 
jump,  and  so  on.  This  has  been  attrib- 
uted, erroneously  I  think,  to  a  wave-like 
motion  of  the  electricity.  I  believe  it 
is  really  nothing  more  than  the  accu- 
mulating charge  at  intervals  acquiring 
sufficient  strength  to  overcome  the 
initial  friction  for  a  fresh  jump.  The 
gold  leaf,  you  will  see,  moves  equably  for- 
ward, except  when  the  unfolding  of  a 
crease  adds  occasionally  a  little  more 
velocity. 

I  will  conclude  by  saying  that  the  sav- 
ing of  expense  on  this  plan  of  being  able 
to  use  cheap  and  comparative]y  imperfect 
insulation,  and  neglecting  faults  which 
may  arise  from  time  to  time,  will,  I  trust, 
enable  us  to  reap  the  advantage  of  cheap 
telegraphy  over  the  world,  and  to  bind  the 
various  parts  of  the  earth  together  by  a 
communication  which  will  be  available  for 


the  poor  emigrant  to  communicate  with 
his  family,  no  less  than  it  is  now  for  the 
rich  merchant,  or  speculator,  or  govern- 
ment ambassador,  to  send  their  instruc- 
tions and  get  their  information  from  the 
most  distant  parts  of  the  earth.  In  fact, 
I  trust  it  will  open  out  a  new  era  of  easy 
and  cheap  telegraphy,  and  put  an  end  to 
the  necessarily  almost  prohibitory  rates 
which  at  present  prevail. 

Perhaps  I  may  be  allowed  to  add,  that 
for  keeping  up  a  continued  stream  of 
electricity  necessary  for  maintaining  a 
powerful  magnet  or  for  electro-plating,  I 
find  none  equal  to  those  which  I  introdu- 
ced a  few  months  ago.  My  patent  has 
been  purchased  by  a  company,  and  I  have 
a  few  prospectuses  here  (of  the  batteries 
— not  of  the  company)  which  I  shall  be 
happy  to  give  to  any  one  present.  Their 
success,  in  electro-plating  especially,  has 
been  very  remarkable;  and  in  a  modified 
form  they  must,  I  am  convinced,  take 
the  place  of  the  Daniell  for  telegraphy. 
The  various  experiments  referred  to  in 
the  paper  were  performed  after  it  had 
been  read. 
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The  Republic  of  Bolivia,  occupying  a 
large  area  in  the  central  part  of  South 
America,  possesses  but  an  insignificant 
seaboard  upon  the  Pacific,  cut  off  from 
the  internal  and  productive  provinces  of 
the  interior  by  the  Western  Cordillera  of 
the  Andes,  which,  at  a  small  distance  from 
the  coast,  attains  a  great  height,  and  ef- 
fectually prevents  all  easy  communication 
with  the  outer  world.  Peru,  Brazil,  Par- 
aguay, and  the  Argentine  Republic,  form 
the  other  boundaries  of  Bolivia,  which  is 
thus,  though  possessing  a  frontier  of  more 
than  3,000  geographical  miles,  completely 
isolated  from  direct  and  independent 
means  of  exporting  or  importing  produce, 
and  of  developing  its  natural  resources. 
The  history  of  Peru  commences  with  the 
victory  of  AyaCucho,  won  on  December 
9th,  1824,  which  resulted  in  the  freedom 
of  Spanish  America,  and  in  the  following 
year  the  separation  into  an  independent 
republic  of  a  part  of  the  territory  known 
previously  as  Upper  Peru,  under  the  new 
name  of  Bolivia,  in  remembrance  of  Gen- 


eral Bolivar,  who  had  worked  out  the  free- 
dom of  the  Spanish  colonies.  Owing  to 
the  natural  obstacles  which  exist  to  put  a 
check  upon  the  relations  of  Bolivia  with 
the  rest  of  the  world,  but  little  progress 
has  been  made  in  its  development,  and 
since  the  date  of  its  independence  it  has 
continued  to  rely  upon  its  internal  re- 
sources, and  to  export  little  beyond  com- 
modities of  small  bulk  and  high  value, 
which  can  pay  for  the  costly  and  tedious 
transport,  either  over  the  lofty  passes  of 
the  Cordilleras,  or  the  long  and  almost 
equally  arduous  transit  eastward  by  inland 
navigation. 

Yet  there  are  few  countries  in  the  world 
possessing  greater  natural  wealth  than 
Bolivia;  with  almost  every  range  of  cli- 
mate, its  productions  are  infinitely  varied, 
including  all  the  more  costly  products  of 
the  forest  and  the  field,  and  possessing 
large  deposits  of  the  precious  and  baser 
metals.  Amongst  the  former  is  the  cele- 
brated Potosi,  which  yielded,  during  3 
centuries  of  working,  £163,000,000,  and 
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which  is  still  giving  £500,000  annually. 
Inhabiting  this  fertile  and  wealthy  region 
are  nearly  3,000,000  of  people,  bearing  a 
national  character  for  energy  and  indus- 
try, and  wanting  only  means  of  transport 
to  develop  the  republic  into  a  really  great 
commercial  nation. 

How  that  communication  should  be  ef- 
fected has  been  long  a  problem  which 
those  who  held  the  future  welfare  of  Bo- 
livia at  heart  have  tried  to  solve.  For  such 
a  purpose  the  sea  coast  is  almost  useless. 
The  lofty  table-lands  of  the  territory  are 
best  reached  from  the  Pacific  by  the  pass 
of  Tacora,  the  summit  level  of  which  is 
14,800  ft.  above  the  sea.  And  on  all  other 
sides  Bolivia  is  inclosed  by  the  surround- 
ing States,  leaving  only  one  practical 
means  of  communication  with  the  ocean, 
that  of  the  Amazon  river,  which,  running 
diagonally  through  the  northern  portion 
of  Brazil,  empties  itself  into  the  Atlantic. 

The  fertile  provinces  of  Bolivia  are, 
however,  extremely  rich  in  navigable 
streams,  all  of  which  converge  towards 
the  main  tributary  of  the  Amazon.  Chief 
of  these,  and  absorbing  many  other  noble 
rivers  into  their  waters,  are  the  Beni  and 
th.e  Mainore,  which  united,  are  known  as 
the  Madeira,  and  quit  Bolivia  at  the  north- 
eastern corner  of  its  northern  boundary, 
to  enter  the  Amazon,  of  which  it  is  the 
largest  tributary.  Now,  as  the  Amazon 
and  the  Madeira,  nearly  as  far  as  the  con- 
fines of  Bolivia,  are  navigable  for  vessels 
of  very  large  tonnage,  the  great  difficulty 
of  direct  communication  would  be  remov- 
ed were  it  not  for  a  series  of  falls  and 
rapids  upon  the  Madeira  river,  which  stops 
the  direct  navigation  into  Bolivia.  But  as 
these  obstacles  extend  for  a  distance  of 
only  230  miles,  and  as  beyond  them  exist 
the  great  network  of  navigable  streams, 
an  aggregate  of  3,000  miles  long,  and 
which  intersect  all  the  most  fertile  dis- 
tricts of  the  territory,  all  that  is  required 
is  to  overcome  this  difficulty  by  forming 
an  easy  means  of  communication  between 
the  lowest  fall  on  the  Madeira  river,  where 
the  ocean  vessels  are  compelled  to  stop, 
and  the  highest  fall,  below  which  nothing 
but  light  native  canoes  can  pass.  To  effect 
this  is  the  object  of  the  Madeira  and  Ma- 
more Bailway. 

By  virtue  of  an  imperial  decree,  issued 

in  1867  by  the  Government  of  Brazil,  the 

waters  of  the  Amazon  and  its  tributaries 

were,  within  certain  limits,  thrown  open 
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to  all  countries  for  the  purposes  of  navi- 
gation, and  quickly  following  this  impor- 
tant step  a  commercial  treaty  was  con- 
cluded between  Brazil  and  Bolivia.  This 
treaty,  coupled  with  the  opening  of  the 
Amazon  navigation,  gave  a  great  impulse 
to  Bolivian  enterprise  by  establishing  the 
only  means  by  which,  as  we  have  said,  the 
country  could  be  placed  in  direct  com- 
munication with  the  outer  world. 

The  question  of  improving  the  naviga- 
tion of  the  Madeira,  along  the  line  of  rap- 
ids, has  occupied  much  of  the  attention  of 
the  Brazilian  Government,  and  after  the 
treaty  with  Bolivia  was  concluded,  a  staff 
under  the  charge  of  two  German  engi- 
neers, Jose  and  Francisco  Keller,  was  em- 
ployed by  Brazil  to  examine  and  survey 
the  country,  and  to  report  upon  the  prac- 
ticability of  improving  the  navigation. 
These  engineers  very  faithfully  performed 
their  work,  and  whilst  paying  most  atten- 
tion to  the  proposed  alteration  in  the 
channel  of  the  Madeira  river  itself,  they 
also  located  a  line  of  railroad  to  skirt  the 
unnavigable  section,  and  thus  make  a 
junction  with  the  system  of  rivers  beyond. 

In  18G8,  a  concession,  amended  in  the 
course  of  the  ensuing  year,  was  granted  to 
Colonel  George  E.  Church,  for  the  express 
purpose  of  improving  the  communication 
between  the  territory  of  Bolivia  and  the 
rest  of  the  world,  by  way  of  the  Amazon 
river;  and  this  concession  being  turned  to 
a  practical  purpose,  is  now  worked  by  the 
National  Bolivian  Navigation  Company, 
the  object  of  which  is  fully  expressed  by 
its  title.  But  the  operations  of  this  Com- 
pany were  limited,  by  reason  of  the  series 
of  lalls  in  the  Madeira  river,  and  as  the 
whole  chain  of  these  obstacles  lies  within 
Brazilian  territory,  the  consent  of  that 
Government  was  necessary  before  the 
great  development  of  the  Navigation  Com- 
pany could  be  effected,  and  the  produce 
of  Bolivia  find  an  outlet.  In  the  early 
part  of  1870,  Colonel  Church  obtained  a 
concession  from  Brazil  to  construct  a  rai1- 
way  and  necessary  works  along  the  b^nks 
of  the  Madeira,  over  the  ground  which  the 
engineers  Keller  had  already  surveyed. 

This  concession  having  been  obtained, 
the  Government  of  Bolivia  issued  a  loan 
in  this  country  of  £2,000,000,  of  the  net 
proceeds  of  which  83  per  cent,  were  to  be 
paid  to  the  Bolivian  Navigation  Company 
before  mentioned,  and  a  sum  equivalent 
to  the  contract  price  of  the  proposed  rail- 
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way  was  to  be  invested  by  the  Navigation 
Company  in  United  States  securities,  on 
behalf  of,  and  partly  in  the  name  of,  the 
Madeira  and  Mamore  Railway  Company. 
It  will  thus  be  seen  that  the  construction 
of  this  line  is  a  part  of  the  scheme  of  the 
Bolivian  Navigation  Company  for  joining 
up  the  rivers  of  Bolivia  with  their  main 
outlet,  and  that  although  the  work  is  to 
be  carried  out  by  a  distinct  company,  both 
are  intimately  connected,  and  both  are 
presided  over  by  Colonel  Church,  to  whom, 
indeed,  the  whole  credit  of  the  work  is 
due. 

After  the  many  difficulties  and  delays 
had  been  surmounted,  inseparable  from 
such  a  great  undertaking  as  that  of  open- 
ing up  a  new  and  unknown  country,  and 
making  all  the  necessary  final  arrange- 
ments with  the  Brazilian  Government, 
upon  whom  the  success  of  the  scheme  de- 
pended, Colonel  Church  returned  again 
to  this  country  at  the  beginning  of  the 
year,  and  a  contract  was  concluded  be- 
tween the  railway  company  and  the  Pub- 
lic Work  Construction  Company  to  con- 
struct about  150  miles  of  line  for  a  lump 
sum  of  .£600,000.  The  railway  is  to  have 
a  single  track,  to  be  1  metre  gauge,  and 
commencing  below  the  lowest  rapids  at  or 
near  San  Antonio,  it  runs  with  as  nearly 
a  direct  course  beyond  Guajara-Merin,  the 
highest  rapid.  Along  the  route  there  are 
18  different  falls,  extending  over  a  distance 
of  280  miles,  of  which  12  miles  consist  of 
the  rapids  themselves,  or  broken  water, 
leaving  217  miles  of  reaches  perfectly 
navigable,  with  a  current  of  about  1  mile 
per  hour,  and  a  depth  of  water  varying 
from  10  to  120  ft.  at  low  water.  None  of 
the  falls  are  of  any  magnitude,  the  princi- 
pal one  being  the  Bananeiras,  which  is 
divided  into  3  levels,  the  higher  fall  being 
3.93  ft.,  the  second  19.68  ft.,  and  the  third 
4.92  ft.  The  Riberias  is  the  second  prin- 
cipal fall,  and  has  5  levels,  which,  combin- 
ed, are  only  about  45  ft. ;  the  principal 
fall  of  the  Girao  is  26.24  ft.,  and  that  of 
Teotonio  24.60  ft.  Altogether  the  whole 
fall  of  the  river  in  the  distance  of  230 
miles  is  only  272  ft.,  so  that  it  will  be  seen 
that  these  obstacles  to  the  navigation,  al- 
though effectual,  are  very  insignificant  in 
themselves,  and  permit  of  a  considerable 
commerce  being  carried  up  and  down  in 
canoes  and  launches,  which  carry  from  3  to 
8  tons  of  freight,  in  addition  to  their  crews 
of  12  or  16  men. 


At  the  occurrence  of  the  chief  falls,  the 
boats  are  dragged  overland;  in  the  ma- 
jority of  cases  the  freight  is  removed,  and 
transported  on  land,  and  the  canoes  are 
dragged  through  the  broken  water  into 
the  next  reach,  where  they  are  reloaded, 
and  in  some  of  the  minor  rapids  both  craft 
and  cargo  are  hauled  or  paddled  through 
the  broken  water. 

Altogether,  in  making  the  passage  of 
this  length  of  230  miles  the  vessels  have 
to  be  carried  overland  for  2|  miles,  and 
unloaded  and  hauled  for  about  the  same 
distance.  The  time  required  to  traverse 
over  the  distance  averages  17  days 
throughout  the  year,  and  the  business  of 
transportation  is  managed  entirely  by  na- 
tives of  the  Province  of  Mojos  and  the 
Beni  districts  of  Bolivia;  launches  of  20 
tons  capacity  are  occasionally  employed; 
but  this  is  very  exceptional,  and  as  all  the 
freight  has  to  be  transported  from  reach 
to  reach  by  land,  there  is  but  little  saving 
of  time  or  labor  in  employing  such  heavy 
boats. 

Midway  of  the  line  of  rapids,  between 
Araras  and  Pederneira,  is  the  greatest 
stretch  of  clear  unbroken  water,  86  miles 
long;  while  the  shortest  distance  between 
any  two  of  the  rapids  is  about  one-third  of 
a  mile,  and  the  next  shortest  distance  is 
5|  miles.  The  depth  of  water,  as  we  have 
said,  varies  at  low  water  from  10  to  120 
ft.,  but  in  times  of  flood  this  is  increased 
from  10  to  23  ft.  On  the  west  side  of  the 
Madeira  the  banks  are  much  lower  than 
on  the  eastern  side,  and  whilst  the  former 
are  frequently  overflowed,  the  latter  are 
for  the  most  part  from  3  to  10  ft.  above 
the  high-water  mark.  In  places,  however, 
the  eastern  banks  are  sufficiently  low  to 
be  submerged  to  a  depth  of  2  or  3  ft.  dur- 
ing extreme  floods,  but  only  very  partially, 
as  the  ground  on  this  side  rises  rapidly  a 
short  distance  from  the  bank. 

Upon  their  very  careful  and  elaborate 
survey  the  Messrs.  Keller  laid  down  a  line 
for  the  railroad  then  projected  by  the 
Brazilian  Government,  skirting  the  east- 
ern bank,  commencing  below  San  Antonio, 
and  running  through  such  ground  as  the 
engineers  deemed  best  suited  for  the  pur- 
pose, cutting  across  the  various  bends  of 
the  river,  and  terminating  just  above  the 
highest  fall,  that  of  Guajara-Merin  near 
the  small  confluent  Rio  da  Poca  Nova. 
This  roiite  has  been  generally  adopted  by 
the  Public  Works  Construction  Company, 
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with  certain  alterations  suggested  by  Col- 
onel Church,  and  Mr.  L.  E.  Ross,  the  en- 
gineer of  the  contractors,  who  accompa- 
nied the  former  gentleman  in  his  last  visit 
to  the  district.  In  his  report  upon  the  sub- 
ject Mr.  Ross  points  out  that  it  was  evi- 
dent that  Messrs.  Keller  at  the  time  of 
their  survey  did  not  contemplate  the  con- 
struction of  a  railway  at  all,  but  rather  a 
direct  improvement  of  the  navigation,  and 
that  the  line  located  by  them  was  laid 
down  upon  their  map  a  considerable  time 
after  the  operations  had  been  completed. 
This  accounts  for  several  unnecessary 
curvatures  and  deviation  of  the  line,  un- 
called for  either  by  the  nature  of  the 
country,  or  the  requirements  of  the  prob- 
able traffic;  and  this  line,  definitely  adopt- 
ed, shows  several  important  modifications 
of  the  route,  which  will  not  only  materially 
shorten  the  length  of  the  railway,  but 
which  will  also  be  probably  more  beneficial 
to  the  future  trade.  As  the  location  is  at 
present  decided  upon,  the  line  will  com- 
mence at  the  San  Antonio  rapids,  and  ex- 
tends in  a  nearly  straight  line  to  a  point 
on  the  river  bank,  about  half-way  between 
Teotonio  and  Morinhos;  thence  it  runs  up 
the  mouth  of  the  tributary,  Jaci  Parana, 
and  then  in  a  straight  line  to  a  point 
about  10  miles  above  Girao;  from  here 
he  Keller  line  is  adopted  to  the  com- 
mencement of  the  great  bend  in  the  river, 
across  which  it  takes  a  straight  course, 
again  taking  up  the  bank  between  3  or  4 
miles  below  the  mouth  of  the  Rio  dos  Ca- 
ripunas,  where  a  large  freight  depot  will 
probably  have  to  be  constructed.  From 
this  point  to  the  southern  terminus  the 
line,  for  the  most  part,  skirts  the  river 
bank,  the  terminal  station  being  about  3 
miles  below  that  selected  by  Messrs.  Kel- 
ler. The  length  of  line  thus  located  is 
only  153 1  miles,  and  with  an  allowance  of 
3 \  miles  for  sidings,  the  total  length  to 
be  constructed  will  be  157  miles,  instead 
of  170  miles,  as  proposed  originally,  and 
upon  which  the  estimates  of  Mr.  Kierz- 
kowski,  the  engineer  to  the  Public  Works 
Construction  Company,  were  founded. 

Mr.  Ross  points  out  in  the  report  that 
there  exist  no  natural  difficulties  in  the 
construction  of  a  railway,  and  his  investi- 
tions  substantiate  the  more  careful  and 
detailed  examinations  of  Colonel  Church, 
who,  again,  is  corroborated  by  the  reports 
of  Messrs.  Keller.  Not  only  is  the  coun- 
try  over  which    the  line    will  pass    al- 


most level,  but  a  natural  protection 
against  floods  is  found  in  a  ramped  bank 
varying  from  5  ft.  to  10  ft.  in  height,  and 
situated  a  few  yards  from  the  edge  of  the 
river.  Inside  this  second  bank  the  ground 
slopes  downward,  returning  to  its  old  level. 
The  only  bluffs  existing  are  at  Girao,  Ma- 
deira, and  Pao  Grande,  and  these  can  be 
avoided  by  some  slight  detours,  which  will 
involve  neither  steep  gradients  nor  heavy 
earthworks. 

For  the  whole  distance,  however,  the 
railway  will  run  through  a  virgin  forest, 
so  that  every  yard  of  the  route  will  have 
to  be  cleared  for  a  width  of  100  ft.  before 
the  works  can  be  constructed.  This  will, 
of  course,  add  to  the  cost  of  the  line,  and 
somewhat  to  the  time  required  to  build 
it. 

The  railway,  which  was  at  first  intended 
to  be  of  a  4  ft.  8|  in.  gauge,  was  subse- 
quently modified  to  one  of  2  ft.  9  in.,  but 
finally  a  metre  gauge  was  determined  up- 
on, as  being  well  adapted  to  the  traffic, 
economical  to  construct,  and  likely  to  as- 
similate to  the  future  Brazilian  railway 
system. 

The  proportion  of  cutting  to  bank 
throughout  the  line  will  be  about  2  to  3,  so 
that  about  90  miles  of  the  railway  will  be 
upon  an  embankment,  not  so  much  to  se- 
cure fairer  gradients  as  to  remove  all 
danger  of  flooding  in  the  rainy  season. 
The  average  height  of  this  bank  will  be, 
therefore,  1  metre,  and  the  total  amount 
of  earthworks  for  the  line  will  be  about 
1,300,000  cubic  yards.  Between  the 
northern  and- southern  termini  32  streams 
have  to  be  crossed,  nearly  all  of  them  of 
such  small  dimensions  as  to  require  only 
each  1  span  of  30  ft.,  due  allowance  being 
made  for  the  increased  water  way  in 
times  of  flood.  The  rivers  where  large 
bridge  works  are  necessary  are  the  Jaci 
Parana,  the  crossing  of  which  must  be  300 
ft.  long,  the  Tres  Irmaos  180  ft.  long,  the 
Caripuna  river  120  ft., and  the  Riberao  also 
120  ft.,  besides  5  smaller  streams  60  ft. 
each,  and  one  of  90  ft.  The  original  esti- 
mate contemplated  the  adoption  of  a  uni- 
form span  of  30  ft.,  but  Mr.  Ross  leans  to 
the  opinion  that  in  crossing  the  larger 
stream,  wider  openings  should  be  adopted, 
both  to  save  the  construction  of  piers,  aud 
to  avoid  the  danger  arising  from  floating 
timbers  often  brought  violently  down 
stream  in  times  of  flood.  Rails  weighing 
36  lbs.  per  yard  are  selected  for  the  per- 
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inanent"way,  and  the  timbers  for  sleepers 
will  be  found  in  abundance  on  the  spot,  a 
variety  of  suitable  woods,  indestructible 
by  ants,  and  impervious  to  dry  rot, 
abounding  on  all  sides. 

Sand  exists  in  plentiful  quantities  at  all 
the  rapids  excepting  San  Antonio,  and  is 
found,  in  the  absence  of  better  material, 
to  be  suitable  for  ballast.  The  rolling 
stock  will  be  limited  in  quantity  for  the 
present,  only  sufficient  being  built  to  ac- 
commodate the  anticipated  traffic.  For 
this  purpose  it  is  assumed  that  5  engines, 
9  passenger  cars,  and  100  freight  cars, 
will  be  ample.  In  connection  with  the 
railway,  iron  wharves  will  be  constructed 
at  each  terminus  for  transferring  goods  ; 
these  structures  will  be,  however,  of  small 
dimensions,  as  a  depth  during  the  dry 
season  of  10  ft.  of  water  is  obtained  along- 
side of  the  river  banks. 

With  regard  to  the  probable  traffic, 
which  the  railway,  when  complete,  will 
command,  we  cannot  do  better  than  refer 
to  Colonel  Church's  report,  from  which  it 
appears  that  the  cost  of  transmitting  a  ton 
of  freight  from  this  country  to  the  interior 
of  Bolivia  is  no  less  than  ,£40  sterling,  by 
way  of  the  Straits  of  Magellan  to  the  Pa- 
cific coast  of  Peru.  Arrived  there,  the 
freight,  divided  up  into  small  portions,  is 
carried  upon  mules  over  the  Tacora  pass, 
14,800  ft.  above  the  sea,  and  is  generally 
5  months  in  reaching  its  destination. 

But  so  soon  as  tbe  Madeira  and  Mamore 
Railway  is  opened  for  traffic,  Bolivia  will 
be  placed  within  30  days'  journey  from  this 
country,  the  enormous  rates  of  freight  will 
disappear,  heavy  goods  can  be  transported 


direct  without  subdivision  of  bulk,  and 
the  almost  certain  damage  to  goods  in- 
separable from  the  long  and  painful  over- 
land journey  will  exist  no  longer.  Nearly 
all  the  export,  and  the  whole  of  the  import 
trade  of  the  country  must  pass  over  the 
railway,  simply  because  it  is  the  only  out- 
let, and  it  is  impossible  to  realize  how 
great  this  traffic  will  be  when  once  the 
means  are  established  by  which  the  trade 
can  be  carried  on.  The  immediate  export 
business  anticipated  by  Colonel  Church  is 
20,870  tons  per  annum,  and  the  import 
15,600  tons,  besides  the  extensive  local 
traffic  that  will  be  developed.  This  is  no 
fanciful  estimate,  but  a  moderate  compu- 
tation made  by  one  who  knows  the  coun- 
try, its  people,  and  its  resources  intimate- 
ly, and  it  may  be  considered  that  it  is 
only  the  commencement  of  a  great  future 
trade. 

The  Madeira  and  Mamore  Railway  may 
indeed  be  regarded  as  one  of  the  greatest 
enterprises  yet  undertaken  upon  the  South 
American  continent;  not  on  account  of  its 
magnitude,  for  it  is  but  a  small  work  of 
itself,  but  because  it  is  the  commencement 
of  a  great  commercial  future,  and  because 
Bolivia  will  be  no  longer  isolated,  but  will 
be  enabled  to  play  her  part  with  the  other 
counti'ies  of  the  South  American  continent, 
now  so  rapidly  rising  into  importance. 
The  future  prosperity  which  lies  before 
Bolivia  depends  solely  on  her  great  system 
of  internal  navigation,  and  to  the  indomi- 
table perseverance  and  energy  of  Colonel 
Church  the  republic  will  owe  a  debt  of 
gratitude  as  large  as  to  the  great  General 
that  founded  her  independence. 


ACOUSTIC  ILLUSTRATIONS  OF  THE  METHOD  BY  WHICH  STELLAR 
MOTIONS  ARE  DETERMINED  WITH  THE  SPECTROSCOPE. 

From  the  "College  Courant." 


The  fourth  of  the  series  of  lectures 
known  as  the  Mechanics'  Course,  was  re- 
cently delivered  in  the  large  hall  of  the 
Sheffield  Scientific  School,  upon  the 
above  subject,  the  lecturer  being  Prof.  A. 
M.  Mayer,  of  the  Stevens  Institute  of 
Technology. 

Prof.  Mayer  began  by  calling  the  atten- 
tion of  his  audience  to  the  character  of 
vibrations,  instancing  the  pendulum  as 
one  of  the  best  examples  of  visible  mass- 
vibration,  and  saying  that  the  curve  rep- 


resenting its  motion  was  that  represent- 
ing all  other  vibratory  motions  of  what- 
ever kind.  This  curve  he  had  obtained 
experimentally  by  means  of  an  ingenious 
apparatus  which  he  described.  Besides 
these,  there  are  molecular  vibrations,  due 
to  elasticity,  the  action  of  which  was  very 
clearly  illustrated  upon  the  black-board. 
A  water  wave  is  a  mass-vibration,  as  is 
shown  admirably  by  Prof.  Lyman's  wave 
apparatus.  The  progressive  character  of 
a  wave  was  then  exhibited  by  means  of  a 
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long  wire  coil,  along  which  an  impulse 
was  transmitted  as  a  visible  undulation  or 
wave.  As  an  example  of  a  molecular  vi- 
bration due  to  elasticity,  the  vibration  of 
a  Brown  &  Sharp's  straight-edge,  fastened 
firmly  at  one  end,  was  given  ;  and  a  se- 
ries of  beautiful  curves  drawn  upon 
smoked  glass  by  a  wire  attached  to  such 
a  vibrating  rod,  were  thrown  on  the 
screen. 

The  lecturer  then  passed  to  the  theo- 
ries of  light,  describing  the  emission 
theory  and  the  undulatory  theory.  Certain 
phenomena,  such  as  reflection,  refraction, 
and  dispersion,  could  be  equally  well  ac- 
counted for  by  either;  but  certain  others, 
such  as  those  of  interference,  could  be 
explained  only  by  a  wave  or  undulatory 
theory.  This  latter  theory  supposes  a 
trembling  of  the  particles  either  of  air  or 
of  the  matter  filling  space,  which  tremb- 
ling, so  far  as  interference  goes,  may  be 
lateral,  or  longitudinal,  but  the  phenomena 
of  polarization  of  light  indicate  that  these 
vibrations  are  transverse  to  the  direction  of 
propagation  of  the  ray.  In  sound,  the  vi- 
bration is  longitudinal;  in  heat  and  light, 
lateral.  Hence,  sound-waves  may  inter- 
fere and  produce  silence  ;  light-waves 
may  interfere  and  produce  darkness  ; 
heat-waves  may  interfere  and  produce 
cold.  The  ear  is  so  constituted  that  it 
takes  cognizance  only  of  the  longitudinal 
vibrations  of  the  air,  though  the  air  vi- 
brates in  all  directions;  the  eye  takes 
notice  only  of  lateral  ether-vibrations, 
though  the  ether  vibrates  in  all  di- 
rections. Interference  was  then  de- 
scribed and  illustrated  on  the  board,  and 
the  phenomena  of  fringes  shown  to  result 
from  the  overlapping  of  waves  in  unequal 
phases,  which  could  be  a  consequence 
only  of  undulations.  The  practical  use 
of  such  knowledge  as  this  was  illus- 
trated by  a  description  of  Newton's 
rings,  and  the  method  by  means  of  which 
these  rings  may  be  made  to  indicate  a 
distance  as  small  as  a  millionth  of  an 
inch.  Another  instance  of  the  practical 
application  of  these  facts  is  Arago's  Dif- 
ferential Refraetometer,  which  will  show 
a  difference  of  density  in  the  air  of  -g-oVo 
part,  and  by  which  the  refraction  of  the 
air  has  been  measured,  and  tables  con- 
structed, by  whose  use  the  mariner  may 
find  the  true  altitude  of  the  sun. 

The  effect  of  lengthening  and  of  short- 
ening a  wave  was  then  explained.     In  the 


case  of  a  sound  wave — moving  1,100  ft.  a 
second  whatever  the  wave  length — if  the 
length  be  diminished  more  vibrations  en- 
ter the  ear  in  the  same  time,  and  the  pitch 
rises;  if  it  be  increased,  less  vibrations 
enter,  and  the  pitch  lowers.  Light  waves 
are  strictly  analogous;  whenever  any  one 
of  the  colored  waves  which  form  white 
light  is  lengthened,  its  color  changes  to- 
wards the  red  end  of  the  spectrum;  when 
it  is  shortened,  towards  the  violet.  Hence 
change  of  pitch  in  the  case  of  sound,  or 
of  color  in  the  case  of  light,  is  evidence  of 
motion,  either  to  or  from  the  observer  ; 
which  it  is,  depends  on  whether  the 
wave  is  lengthened  or  shortened.  Now, 
while  the  motion  of  a  star  at  right  angles 
to  the  line  of  sight  is  easily  detected  and 
measured  by  the  telescope,  motion  in  the 
direction  of  this  line  is  capable  of  meas- 
urement only  by  the  spectroscope  ;  if  the 
motion  be  diagonal,  then  by  both  of  these 
instruments  together.  Hence  the  motion 
of  a  fixed  star  in  space,  or  of  a  whirlwind 
on  the  sun,  may  be  measured  by  the 
change  in  refrangibility,  which  certain 
lines  in  the  spectrum  undergo. 

To  illustrate  this  point  by  means  of 
sound  waves,  was  the  object  of  the 
evening.  With  the  lantern  the  image  of 
a  tuning  fork  beating  25fi  times  a  second 
' — and  giving  the  note  Ut3 — was  thrown 
on  the  screen.  By  the  side  of  one  of  the 
prongs,  and  just  touching  it,  was  a  care- 
fully rounded  and  varnished  cork  ball, 
suspended  by  a  filament  of  silk.  On  soun- 
ding a  second  fork  placed  on  its  case  and 
tuned  in  accurate  unison  with  the  first  (by 
an  ingenious  method  devised  by  Prof. 
Mayer)  anywhere  in  the  room,  even  30  ft. 
distant,  the  first  was  thrown  into  vibra- 
tion and  the  image  of  the  cork  ball  was 
projected  a  foot  or  two  away  from  the 
prong.  When,  however,  the  second  fork 
was  sounded,  and  the  lecturer  walked  rap- 
pidly  —  at  a  rate  of  8  ft.  a  second — tow- 
ards or  from  the  first,  touching  the  case 
only  when  in  motion,  no  motion  of  the 
cork  was  observed;  the  wave  being  in 
this  way  shortened  or  lengthened  by  an 
amount  sufficient  to  throw  it  out  of  uni- 
son with  the  lantern-fork.  Again,  a  third 
fork,  vibrating  251  times  a  second,  pro- 
duced no  effect  on  the  ball ;  but  when 
sounded  and  placed  on-  its  case,  as  this 
was  swung  rapidly  towards  the  first  fork, 
the  wave  length  was  thereby  so  short- 
ened as  to  bring  it  into  unison  with   this, 
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and  the  ball  promptly  responded.  A 
fourth  fork,  vibrating  258  times,  showed 
the  same  phenomenon,  when  placed  on 
its  case  as  this  was  swung  away  from  the 
first  fork,  the  wave  thus  being  shortened 
into  unison.  The  demonstration  was 
most  complete  and  satisfactory.  Prof. 
Mayer  stated   that  he  purposed  making 


some  quantitative  experiments  with  the 
apparatus,  which  will  be  of  the  highest 
value  to  science. 

The  lecturer  closed  with  an  application 
of  this  sound  demonstration  to  the  phe- 
nomena of  light.  It  was  an  exceedingly 
interesting  lecture  throughout,  and  was 
listened  to  with  the  closest  attention. 


HYDEAULIC  MINING. 


From  the  "Nevada  Transcript." 


Nevada  county  is  generally  conceded 
to  be  the  most  successful  gold  quartz 
mining  district  in  America;  and  her  ex- 
cellence in  mining  does  not  end  here,  for 
we  are  confident  that  the  world  nowhere 
else  can  show  gravel  mining  on  so  exten- 
sive a  scale  and  with  equally  satisfactory 
results. 

From  the  time  (now  some  20  years 
ago)  when,  near  Nevada  City,  a  miner, 
timidly,  and  at  night  for  fear  of  derision, 
made  the  first  experiment  in  hydraulic 
mining  with  a  stream  of  water  forced 
through  a  1  in.  nozzle  by  a  pressure  of  10 
ft.,  until  to-day,  when  pressures  of  250  ft. 
and  6  in.  nozzles  are  familiar  sights,  the 
miners  of  Nevada  county  have  always  led 
in  the  invention  and  enterprise  that  has 
inaugurated  and  improved  this  method 
of  mining,  and  made  our  sterile  hills  a 
field  for  enterprise  and  a  source  of  pro- 
fit, where  under  the  old  systems  of  min- 
ing, though  twenty  times  as  rich  in  gold, 
they  would  still  be  as  silent  and  barren 
as  the  mountain  rock. 

While  visiting,  recently,  the  claims  of 
the  North  Bloomfield  Gravel  Mining 
Company,  at  North  Bloomfield,  we  wit- 
nessed over  31,000  tons  of  auriferous 
gravel  each  day  being  excavated  from  the 
hills,  the  gold  extracted,  and  the  refuse 
material  removed  to  a  distance  of  many 
miles,  and  at  a  cost  for  labor,  materials 
and  machinery,  of  only  $150  per  day,  or 
less  than  one  half  a  cent  per  ton.  This 
work  is  effected  by  a  stream  of  3,500 
miners'  inches  of  w  ter,  or  about  63,000,- 
000  gallons,  collected  from  the  water- 
shed of  the  South  Tuba  and  conducted 
to  the  Company's  claims  in  ditches  and 
iron  pipes.  Their  main  or  Big  Canyon 
ditch  is  over  40  miles  long.  With  a  sec- 
tional area  of  33  ft.  and  a  grade  of  16  ft. 
to  the  mile,  it  carries  3,000  miners'  inches 


or  about  54,000,000  gallons  per  day. 
This  water  is  conducted  from  the  moun- 
tain sides  above  the  diggings  in  iron 
pipes  of  15  and  27  in.  in  diameter,  and 
discharged  under  a  pressure  of  from  200 
to  270  ft.  through  5  and  6  in.  nozzles. 
There  is  the  fascination  which  surrounds 
all  exhibitions  of  enormous  power  in  wit- 
nessing these  great  streams  hurling 
through  the  air,  crashing  against  the  hard 
gravel  with  a  force  that  tears  away  the 
stones,  undermines  the  bank  and  tumbles 
it  down  roaring  and  rumbling,  and  melts 
the  dirt  away  with  a  rapidity  that  is  a 
source  of  constant  wonder  to  the  spec- 
tator. This  Company's  flumes  are  6  ft. 
wide,  and  have  a  4  per  cent,  grade,  or 
6  in.  to  the  box  of  12  ft.  The  Superin- 
tendent estimates  that  each  8  tons  of 
water  removes  1  ton  of  top  gravel.  (On 
a  6  per  cent,  grade  the  moving  power  of 
the  water  would  be  increased  probably  60 
per  cent.)  The  water  has  a  carrying 
capacity  exceeding  this,  but  it  is  imprac- 
ticable to  keep  it  fully  employed  at  all 
times.  A  miners'  inch,  for  24  hours 
(Eureka  Lake  standard),  equals  75  tons 
of  water,  and  will  therefore  move  on  a  4 
per  cent,  grade  from  9  to  10  tons  of 
gravel. 

These  figures  of  the  working  capacity 
of  the  water  refer  to  top  white  gravel,  and 
are  rough  estimates,  but  the  Superinten- 
dent of  the  Company  informs  us  that  he 
has  now  made  surveys  by  which  he  can 
determine  in  the  future,  very  accurately, 
the  amount  of  gravel  washed  in  tons 
or  feet. 

The  Company,  in  addition  to  their 
present  water  supply,  have  reservoirs  and 
unimproved  water  rights  on  the  catch- 
ment basins  of  the  Middle  and  South 
Yuba  rivers,  of  which  they  intend  to  avail 
themselves   immediately,    and  which  will 
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give  them  a  continual  supply  of  water 
every  day  during  the  dryest  seasons,  of 
nearly  5,000  in.,  or  90,000,000  gallons  per 
day. 

The  Company  are  now  surveying  a  line 
for  a  ditch  to  San  Juan,  to  enable  them 
to  sell  water  to  the  miners  in  that  vicinity. 
The  remainder  of  the  supply  will  be  used 
on  their  own  mining  ground,  of  which 
they  have  some  1,900  acres.  At  present 
they  work  only  the  top  or  white  gravel, 
there  being  no  natural  channel  through 
which  they  can  wash  the  lower  or  blue 
dirt.  However,  during  the  past  year  they 
prospected  their  deep  ground  by  shafts, 
and  found  a  layer  135  ft.  deep  of  rich  blue 
gravel;  22,000  tons  of  this,  hoisted  and 
washed,  yielded  $33,000  or  $1.50  per 
ton. 

To  mine  this  blue  gravel  by  the  hy- 
draulic process,  it  will  be  necessary  to 
drive  a  bed  rock  tunnel  over  a  mile  long. 
The  blue  gravel  having  proved  so  rich, 
we  are  informed  that  this  drain  tunnel 
will  be  commenced  immediately,  and 
will  be  driven  with  all  possible  rapidity 
by  the  aid  of  several  shafts  and  the  most 
approved  machinery. 

We  know  of  no  hydraulic  mining 
enterprise  in  the  State  that  will  compare 


with  this,  in  magnitude  of  the  works  and 
promise  of  remuneration  to  its  projectors, 
who  certainly  deserve  the  most  gratifying 
results  in  recompense  for  their  energy 
and  liberal  expenditure  of  capital. 

While  there  is  such  an  enormous  con- 
sumption of  gravel  by  the  mining  com- 
panies in  this  county,  it  is  reassuring  to 
examine  into  the  amount  of  material 
remaining.  Upon  the  single  ridge  which 
divides  the  Middle  from  the  South  Yuba 
river  we  find,  untouched  and  available, 
an  extent  of  old  river  channel  15 
miles  long.  This  has  an  average  width 
of  about  2,000  ft,  and  a  depth  probably 
of  350  ft.  This  equals  over  2,000,000,000 
cubic  yards.  To  remove  this  quantity, 
assuming  the  capacity  of  1  in.  of  water  to 
wash  4  cubic  yards  per  day,  will  re- 
quire the  use  of  10,000  in.  of  water  con- 
stantly for  140  years.  However,  hydrau- 
lic mining  is  still  in  its  infancy,  and  im- 
proved appliances,  increased  pressures, 
and  a  better  knowledge  of  the  laws  which 
govern  the  running  of  water  under  these 
peculiar  circumstances,  may  so  increase 
the  working  power  of  the  water,  that 
what  is  now  looked  upon  as  the  work  of 
centuries  may  be  accomplished  in  de- 
cades. 


THE  MEASUBEMENT  OF   SHIPS. 

From  "Engineering." 


One  of  the  most  useful  of  the  minor 
recommendations  of  the  Committee  on 
Designs  has  been  promptly  adopted  by 
the  Admiralty.  The  Committee  call  at- 
tention in  their  Eeport  (page  xviii.)  to 
the  "very  misleading  and  inaccurate  meas- 
ure of  the  real  size  and  displacement  of 
a  vessel  afforded  by  the  common  mode  of 
classifying  ships  according  to  what  is 
termed  builders'  measurement,"  and  add: 
"  We  observe  that,  in  order  to  obtain  the 
requisite  displacement  within  the  prescri- 
bed limits  of  builders'  measurement,  forms 
which  are  manifestly  disadvantageous, 
have  not  unfrequently  been  adopted.  A 
similar  objection  applies  to  nominal  horse 
power,  as  applied  to  marine  engines.  We 
beg  leave  to  recommend  that  the  use  of 
these  terms  be  discontinued,  audthat  the 
mass  of  a  ship  be  described  by  'displace- 
ment' and  the  power  of  her  engines  by  in- 
dicated horse  power."  This  month's  "Navy 


List "  accordingly  contains  the  following 
note:  "The  tonnage  and  horse  power 
given  are  the  weight  in  tons,  and  the  in- 
dicated horse-power  of  the  engines.  The 
figures  iu  parantheses  show  the  tonnage 
old  measurement,  and  the  nominal  horse 
power." 

This  is  a  change  for  the  better,  and 
must  be  a  source  of  some  satisfaction  to 
able  naval  architects  of  the  Admiralty, 
whose  designs  have  always  been  liable  to 
be  depreciated  by  some  unfair  compari- 
son, based  upon  nominal  tonnage  with 
previous  ships  of,  probably,  quite  a  differ- 
ent build  and  intention,  although  it  must 
be  admitted  that,  as  a  rule,  the  old  and 
fallacious  comparison  of  tonnage  and 
horse  power  tells  in  favor  of  the  more 
recent  ironclads,  whose  displacement  is 
great  compared  with  their  nominal  ton- 
nage, and  whose  engines  give  out  an  in- 
dicated horse  power  not  dreamt  of  a  few 
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years  back.  We  think,  nevertheless,  it 
would  be  better  to  define  the  new  tonnage 
more  clearly  than  "as  weight  in  tons" 
merely,  and  horse  power  than  as  "  indi- 
cated." The  note  should  state  whether 
thepower  given  is  the greatestever  realized, 
or  that  recorded  on  the  first  speed  trials 
at  the  measured  mile.  In  most  cases  the 
figures  would  be  the  same,  but  it  would 
be  well  to  have  it  stated  under  what  cir- 
cumstances the  power  given  was  indica- 
ted. As  regards  "  weight  in  tons "  the 
note  should  say  whether  it  is  the  displace- 
ment as  designed  which  is  given  (the 
word  displacement  should  not  have  been 
dropped),  or  the  ascertained  displace- 
ment when  ready  for  sea,  with  all  coals 
and  stores  on  board.  Alterations  while 
building  are  so  much  the  rule  in  modern 
war-ships,  that  the  designed  displacement 
is  usually  exceeded,  and  we  look  with  some 
suspicion  upon  the  exact  agreement  in 
displacement  of  the  five  Indian  troop-ships 
(sister  vessels)  which  all  appear  to  dis- 
place the  same  to  an  ounce — 6,211  tons. 
No  doubt  they  were  meant  to  do  so,  but 
it  is  scarcely  possible  they  can  do  so  in 
fact,  and  the  designed  displacement  is  so 
largely  departed  from  in  some  cases— 
though  it  may  not  have  been  in  the  case 
of  the  Indian  transports — that  it  cannot 
be  depended  upon  as  an  accurate  index 
of  "  size."  Suppose  the  displacement  of 
the  Captain  had  been  so  given  ! 

Short  of  a- Table,  giving  full  particulars 
of  size,  speed,  armor,  guns,  coal  supply, 
etc.,  for  each  ship,  it  is  impossible  to  form 
an  estimate  of  her  proper  place  in  the 
'■'  Navy  List,"  and  even  with  all  particulars 
given  no  two  persons  would  be  likely  to 
come  to  the  same  conclusion.  One  sighs 
for  the  good  old  days  when  every  ship  was 
powerful  just  in  proportion  to  her  ton- 
nage, or  her  number  of  guns — for  either 
was  a  sure  guide,  though  there  was  a 
sadly  "nominal"  element  even  then  in 
the  number  of  guns.  During  the  long  war 
a  class  of  light  large-bore  guns  (called 
carronades,  from  the  famous  Carron 
Foundry  in  Scotland,  where  they  were 
first  cast),  throwing  heavy  shot,  with  very 
small  charges  of  powder,  were  introduced, 
and  were  found  very  effective  at  short 
ranges.  "  My  Lords  "  adopted  them  large- 
ly, and  thereby  stole  a  long  march  on 
the  French.  In  the  first  frigate  action  in 
which  the  new  guns  took  part,  the  Eng- 
lish frigate  commenced  the  action  by  fir- 


ing an  8  in.  carronade  from  her  forecastle. 
The  shot  fell  on  board  the  Frenchman, 
who  promptly  concluded  that  if  8  in.  shot 
(then  an  unheard  of  calibre)  proceeded 
from  his  enemy's  forecastle,  something 
very  terrible  must  be  expected  from  her 
main  deck,  and,  with  over-much  of  the 
better  part  of  valor,  surrendered  without 
venturing  to  reply.  But  though  carro- 
nades proved  so  useful  as  to  become  a 
portion  of  every  ship's  "  establishment  of 
guns,"  my  lords  ignored  their  presence 
on  board  ship  altogether,  and  for  years  a 
"  36-gun  "  frigate  meant  a  frigate  of  44 
guns  at  least.  The  present  Admiralty  is 
not  so  wedded  to  ancient  ways,  and  the 
misleading  measurements  of  recent  times 
have  been  surrendered  on  the  first  serious 
attack.  Nevertheless,  we  may  still  seek 
in  vain,  and  always  must,  we  suppose,  for 
any  definite  means  of  comparing  the  fight- 
ing powers  of  war  ships.  Displacement, 
though  giving  roughly  a  good  idea  of 
comparative  cost,  which  depends  more 
upon  the  weight  of  iron  used  than  on  any- 
thing else,  tells  little  more.  The  Minotaur, 
displacing  10,627  tons,  would  be  no  match 
for  the  Bellerophon,  displacing  7,551  tons, 
which  is  equal  to  the  Minotaur  in  armor, 
nearly  equal  in  speed,  superior  in  firma- 
ment, and  incomparably  superior  in  hand- 
iness  and  ramming  power.  The  "Warrior, 
displacing  9,137  tons,  would  be  beneath 
the  Bellerophon's  notice,  while  the  Fury, 
still  displacing  less  than  the  Minotaur, 
might  almost  defy  the  whole  fleet,  by 
virtue  of  her  35-ton  guns,  12  in.  armor, 
and  1,600  tons  of  coal. 

Assuredly  it  will  be  amongst  an  Ad- 
miral's most  troublesome  duties  in  future 
wars  to  appraise  the  fighting  value  of  his 
ships,  and  to  apportion  their  special 
tasks.  If  Nelson  had  one  90-gun  ship  in 
his  fleet,  and  all  the  rest  were  74's,  he 
knew  at  once  which  to  detach  to  deal 
with  the  enemy's  most  powerful  vessel, 
but  a  British  admiral  w7ould  be  puzzled 
now  to  choose  between  the  Sultan  and  the 
Monarch,  or  even  between  the  splendid 
but  unwieldy  Agincourt  and  the  small  but 
handy  Vanguard.  No  doubt  this  diver- 
sity of  type  is  an  evil,  but  it  is  impossible 
to  bid  naval  architects  stand  still,  while  it 
is  only  unpractical  enthusiasts  like  Admi- 
ral Elliot  who  would  build  a  complete 
navy  right  off  upon  any  cut-and-dry 
scheme — to  be  immediately  rendered 
useless  by  the  improvements  of  other  pow- 
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ers.  So  long  as  our  ships  continue  to  im- 
prove as  steadily  as,  on  the  whole,  they 
have  improved  since  Mr.  Reed  took  office, 
no  one  will  desire  to  check  this  diversity 
of  type.  We  could  wish,  however,  for 
rather  clearer  classification  in  the  "  Navy 
List."  Why,  for  instance,  are  the  Blanche 
and  Dido,  of  6  and  8  guns,  honored  with 
the  title  of  "  ship,"  hitherto  reserved  for 
line-of-battle  ships  or  large  iron-clads, 
while  their  sister  vessels,  the  Spartan  and 
Tenedos,  of  8  guns  each,  bear  the  usual 
title  of  "  sloop."  All  are  of  1755  tons 
displacement,  and  350  nominal  horse 
power,  and  are  specimens  of  a  recent  class 
of  wooden  sloops.  The  Thetis,  an  im- 
provement on  the  same  class,  displacing 
99  tons  more,  but  with  the  same  horse 
power,  carries  13  guns,  and  is  called  a 
corvette.  Surely  the  armament  of  both 
classes  cannot  be  the  best  possible. 

The  comparison  between  indicated  and 
nominal  horse  power  in  the  different  ships 
is  interesting,  notwithstanding  the  uncer- 
tainty which  prevails  as  to  what  nominal 
horse  power  means.  The  performance  of 
some  of  the  large  recent  engines  is  very 
good  indeed;  thus  the  Hercules  and  Sal- 
tan, of  1,200  nominal  horse  power,  indi- 
cate 8,529  and  8,629  respectively,  or  over 
seven  times.  Vestal  (not  a  very  recent 
vessel),  with  300  nominal,  gives  2,154,  and 
Dido,  with  350,  gives  2,518.  The  Juno, 
dating  from  1866,  with  engines  of  400 
horse  power,  indicates  only  1,090 — the 
result,  we  hope,  of  a  misprint. 

It  is  impossible  to  read  the  Committee's 
remark  on  the  possible  injury  to  designs 
arising  from  the  present  ai'bitrary  rule  of 
measurement,  without  thinking  of  the 
ruin  which  has  come  upon  yacht-building, 
as  a  science,  through  this  cause.  The 
usual  rule  is  to  multiply  length  by  breadth, 
and  the  product  by  half  the  breadth; 
assumed  to  represent  the  depth.  This  is 
not  a  bad  proportion  to  build  to,  if  ob- 
served, and  will  give  probably  a  combined 
maximum  of  buoyancy,  stiffness,  accom- 
modation, and  safety,  with  speed.  But 
the  rule  encourages  builders  to  diminish 
beam,  and  make  up  for  it  by  excessive 
depth,  as  to  which  no  penalty  applies. 
By  enormous  "pendulum  keels"  of  iron  or 
lead  they  are  able  to  recover  the  stability 
lost  through  narrowness,  and  to  carry  a 
large  spread  of  sail.  Such  craft  want  a 
bottomless  sea  to  swim  in,  while  their 
overweighted  hulls  cut  through  the  waves 


instead  of  rising  over  them.  They  are 
wet,  dangerous,  and  cramped,  and  require 
a  crew  they  have  no  room  for,  to  handle 
their  overgrown  spars,  while  for  speed 
they  would  have  no  chance  against  a  roomy 
light-draught  yacht  of  reasonable  beam, 
and  of  the  same  displacement  or  cubical 
size.  But  the  rule  insists  that  the  broad 
yacht  shall  be  accounted  a  deep  one,  and 
the  narrow  yacht  a  shallow  one,  irrespec- 
tive of  facts,  and  "  tonnage "  and  time 
allowance  are  measured  accordingly. 
Thus  favored,  the  racing  machine  has  it 
all  her  own  way,  and  yacht-building  on 
any  reassonable  principle  is  almostextinet. 
No  doubt,  as  the  Committee  hint,  the  same 
rule  explains  the  long  straight  s?ides  of  our 
men-of-war,  as  well  as  mercantile  steamers. 
Given  a  steamer  displacing  2,000  tons, 
and  it  is  no  doubt  advantageous,  com- 
mercially, to  cut  her  in  half,  and  increase 
her  displacement  to  3,000  by  inserting 
a  straight  piece  amidships.  Her  lines  re- 
main as  before,  so  that  the  same  power 
will  drive  her  at  nearly  the  same  speed, 
while  she  carries  cent,  per  cent,  more 
cargo  at  least.  There  is  a  certain  danger 
of  unseaworthiness  if  this  process  is  car- 
ried too  far,  but  insurance  covers  all  that, 
and  the  merchant  is  content.  But  it  does 
not  follow,  as  many  naval  architects  ap- 
pear to  think,  that  a  new  ship,  to  displace 
3,000  tons,  should  take  exactly  the  form  of 
the  lengthened  ship.  By  giving  her  more 
beam  amidships,  and  the  same  displace- 
ment, and  having  the  sides  nowhere  par- 
allel except  just  amidships,  the  lines  of 
the  new  vessel  may  be  so  much  fined  as  to 
give  the  same  speed  with  less  power;  or 
the  lines  may  be  fined  only  enough  to  se- 
cure the  same  speed,  with  the  same  power, 
but  with  extra  displacement.  With  the 
increased  beam  greater  seaworthiness  will 
be  secui'ed.  In  war  ships  beam  is  never 
too  small  for  seaworthiness,  but  the  Com- 
mittee evideutly  anticipate  that  by  doing 
away  with  "builders'  measurement,"  naval 
architects  will  be  induced  to  give  such 
extra  beam,  combined  with  finer  lines,  as 
will  enable  engine  power  and  coals  to  be 
economized,  and  armor  increased  in  pro- 
portion. It  is  understood  that  Mr.  Froude 
is  carrying  out  some  official  experiments 
in  this  direction,  by  consent  of  the  Admi- 
ralty, and  it  is  possible  that  his  present 
labors  will  be  as  beneficial  to  the  science 
of  naval  architecture  as  those  which  have 
already  made  him  famous. 
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PBESSUBE  ON  FOUNDATIONS. 

From  "The  Builder." 


Sufficiency  of  foundations,  it  is  almost 
needless  to  say,  is  ever  the  first  source  of 
anxiety  to  the  architect  and  builder.  Nor 
is  that  anxiety  unjustifiable.  When  it  is 
required,  as  so  often  happens  at  the  pres- 
ent day,  to  erect  gigantic  edifices  on  weak 
and  treacherous  soils,  it  may  well  tax  the 
highest  constructive  skill  to  supplement 
the  weakness  of  the  natural  foundation  by 
such  artificial  preparations  as  shall  enable 
it  to  sustain  its  massive  and  costly  burden 
with  safety. 

Even  in  constructions  of  an  ordinary 
character,  the  same  remarks  apply,  though 
in  less  degree.  The  safety  of  a  structure 
may  be  imperilled,  or  its  cost  unduly  in- 
creased, according  as  its  foundations  are 
laid  with  insufficient  stability,  or  with 
provision  for  security  in  excess  of  its  re- 
quirements. Wiien  it  is  considered,  there- 
fore, that  the  precise  conditions  of  safety 
are  generally  capable  of  being  calculated 
with  as  much  practical  accuracy  in  this  as 
in  any  other  part  of  a  construction,  it  is 
unpardonable  that  any  liability  to  danger 
or  loss  should  exist  from  the  imperfect 
comprehension  of  a  subject  of  such  vital 
importance. 

Yet  it  cannot  be  denied  that  there  ap- 
pears, in  many  instances,  much  deficiency 
in  the  knowledge  of  the  first  principles 
which  regulate  this  branch  of  the  con- 
structive art.  The  practice,  not  only  of 
the  workman,  but  of  the  otherwise  educa- 
ted architect,  is  often  based  upon  empiri- 
cal, rather  than  upon  exact  and  scientific 
principles,  so  far  as  the  laying  of  founda- 
tions is  concerned.  It  may  therefore  be 
advisable  to  attempt  to  classify  these  prin- 
ciples in  a  somewhat  systematic  manner, 
so  as  to  be  available  for  convenient  refer- 
ence in  the  majority  of  cases  occurring  in 
practice. 

The  nature  of  the  soil  to  be  built  upon 
is  evidently  the  first  object  for  considera- 
tion ;  and  it  is  scarcely  necessary  to  say, 
that  soils  vary  in  their  strength  or  bear- 
ing power  as  much  as  in  their  geological 
formation.  They  range  from  a  soft  or 
semi-fluid  condition, — such  as  that  of 
marsh,  mud,  or  silt, — through  all  inter- 
mediate stages,  to  the  condition  of  the 
hardest  rock.  The  inherent  strength  of 
the  soil  itself,  and  the  load  to  be  sustained 


upon  a  given  unit  of  its  surface  (which  is 
usually  taken  in  practice  as  a  sq.  ft.),  has 
accordingly  in  the  first  place  to  be  con- 
sidered. 

Where  the  soil  is  incapable,  from  its 
inherent  capacity  of  resistance  to  pres- 
sure, of  sustaining  the  incumbent  load  of 
the  structure  to  be  placed  directly  above 
it,  it  is  then  the  duty  of  the  constructor 
either  to  increase  its  bearing  power  by 
artificial  applications,  which  shall  aug- 
ment the  strength  of  the  bearing  surface 
immediately  under  the  superstructure  to 
the  required  extent;  or  else,  by  widening 
the  area  of  the  foundations,  to  extend  and 
enlarge  the  bearing  surface  to  such  a  de- 
gree, that  that  surface  shall  contain  with- 
in it  the  necessary  resistance  to  pressure 
which  the  circumstances  of  the  case  re- 
quire. The  means  by  which  these  results 
are  arrived  at  will  form  the  second  branch 
of  the  inquiry. 

The  materials  commonly  used  for  these 
purposes  and  the  amount  of  bearing  power 
obtained  by  their  use,  will  also  require  to 
be  described. 

Soils  of  a  soft  and  even  semi-fluid  char- 
acter are  capable  of  being  treated  with 
great  success,  as  regards  the  improvement 
of  their  capacity  for  sustaining  structural 
weights.  The  well-known  instance  of 
carrying  the  original  Liverpool  and  Man- 
chester Kailway  over  the  Chat  Moss  is  one 
of  the  most  remarkable  cases  of  this  na- 
ture. The  fluid  moss  along  the  intended 
line  of  railway  was  first  thickened  by 
throwing  iuto  it  a  quantity  of  earth,  just 
as  water  is  thickened  into  paste  by  the 
addition  of  flour.  When  the  soil  was 
thus  improved,  though  still  in  a  partial 
state  of  fluidity,  it  was  covered  by  a  broad 
and  thick  layer  of  fascines,  which  floated 
on  the  viscous  soil  like  a  raft  upon  water. 
Upon  this  the  railway  was  formed;  and 
the  result  amply  justified  the  marvellous 
foresight  of  the  great  engineer  who  in- 
troduced the  railway  system  into  Eng- 
land. 

On  reviewing  this  operation,  it  will  be 
seen  that  a  double  process  contributed  to 
the  sucessful  result.  As  the  original  soil 
nearly  approached  to  the  fluidity  of  water, 
it  might  be  assumed  to  be  incapable  (or 
nearly  so)  of  carrying  any  superstructural 
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weight.  The  first  operation,  therefore, 
was  to  increase  the  solidity  of  the  soil  by 
the  addition  of  a  more  solid  material, 
which,  commingling  with  it,  should  im- 
part to  it  a  certain  amount  of  sustaining 
power.  This  having  been  effected,  the 
next  operation  was  to  cover  the  improved 
soil  with  layers  of  fascines  of  such  a  breadth 
that  the  surface  which  they  covered  should 
contain  an  inherent  bearing-power  suffi- 
cient to  sustain  the  weight  of  the  railway 
and  the  trains.  It  then  became  a  safe 
operation  to  lay  the  railway  on  the  fas- 
cines. 

This  leads  us  to  the  principle  on  which 
the  bearing-power  of  all  soils  should  be 
calculated.  Every  soil  is  capable,  as  above 
mentioned,  of  sustaining  a  certain  weight 
upon  each  unit  of  its  surface,  which  va- 
ries in  a  scale  proportionate  to  the  soli- 
dity of  the  soil.  The  bearing-power  of  a 
soil  approaching  in  fluidity  to  water  itself 
may  be  assumed,  as  above  mentioned,  at 
zero,  or  the  lowest  point  in  the  scale;  and 
the  bearing-power  of  the  hard  rocks  may 
be  assumed  as  the  highest;  and  if  these 
bearing-powers  be  taken  at  from  0  to  30 
tons  per  sq.  ft.,  it  will  be  sufficiently  accur- 
atefor  practical  purposes.  Between  these 
extremes  lie  all  the  intermediate  soils  of 
weak  rocks,  shale,  gravel,  sand,  clay,  loam, 
silt,  etc.;  with  the  varying  degrees  of 
bearing-power  inherent  in  each.  Sup- 
posing, therefore,  that  the  soil  is  capable 
of  bearing  a  pressure  of  3  tons  per  sq. 
ft.  with  security,  it  follows,  of  course,  that 
either  1  sq.  ft.  of  foundation  must  be 
provided  for  each  3  tons  weight  in  the 
entire  structure;  or,  if  this  be  impracti- 
cable, that  the  bearing-power  of  the  soil 
must  be  increased  by  such  means  (piling, 
for  instance)  as  will  bring  it  to  the  re- 
quisite standard  of  sustaining  force. 

The  first  operation,  therefore,  is  to  as- 
certain the  weight  of  the  structure.  This 
is  done,  it  is  hardly  needed  to  say,  by  cal- 
culating the  cubical  quantities  of  the 
whole  of  the  various  materials  in  the 
structure,  and  ascertaining  from  thence 
the  exact  weights  which  will  come  upon 
the  foundation.  If  these  weights  be  not 
equally  distributed,  care  must,  of  course, 
be  taken  to  ascertain  the  proportion  of 
that  weight  carried  on  each  part  of  the 
foundations,  and  of  proportioning  the 
area  of  that  part  accordingly.  Suppose, 
for  instance,  that  in  a  warehouse  the 
floor  joists  run  from  back  to  front;  it  is 


then  evident  that  the  back  and  front  walls 
only  will  carry  the  weight  of  the  floors 
and  of  the  goods  placed  upon  thern,  which 
will  render  it  necessary  to  strengthen 
correspondingly  the  foundations  of  the 
front  and  back  walls  above  those  of  the 
sides.  Again,  suppose  a  shop-front  to  be 
carried  on  an  arch,  or  a  girder  having 
its  bearings  on  piers  at  each  end  of  the 
building,  it  is  manifest  that  the  weight  of 
the  whole  superincumbent  structure,  in- 
stead of  being  distributed  equally  along 
the  front  wall,  will  be  carried  on  the  end 
piers  only,  the  foundations  of  which 
should  be  made  of  a  suitable  capacity. 

The  weight  on  the  foundations,  so  calcu- 
lated, should  also  include  all  extraneous 
loading  which  may  be  incidental  to  the 
structure.  Thus,  in  a  bridge,  the  founda- 
tions of  the  piers  should  include,  not  cmly 
the  weight  of  the  materials  of  the  pier  it- 
self, but  that  of  the  girder  or  arch,  with 
all  the  supplemental  parts  which  compose 
the  superstructure  of  the  bridge;  and  also 
the  extraneous  loading  which  comes  upon 
the  bridge  ;  the  whole  being,  of  course, 
ultimately  supported  on  the  pier  founda- 
tions. The  extraneous  loading  varies  in 
amount  according  to  the  nature  of  the 
structure,  and  can  generally  be  ascertain- 
ed beforehand  with  tolerable  accuracy. 
Thus  in  a  railway-bridge  it  is  usual  to 
calculate  the  weight  of  the  trains  at  from 
1  ton  to  1J  ton  per  foot  run,  for  each  sin- 
gle line  of  railway.  On  a  road  bridge,  the 
usual  load  assumed  is  from  \  cwt.  to  1 
cwt.  per  superficial  foot  ;  the  load  of  a 
crowd  of  persons  standing  as  close  to- 
gether as  practicable  having  been  ascer- 
tained by  many  experiments  to  be  a  little 
more  than  f  of  a  cwt.  per  sq.  ft.  In  a 
warehouse  the  weight  on  the  floors  should 
be  ascertained  in  each  case,  as  it  varies 
according  to  the  nature  and  quantity  of 
the  goods  which  it  is  required  to  store  ; 
about  4  or  ;5  cwt.  per  sq.  ft.  being,  per- 
haps, an  average  amount.  In  ordinary 
flooi-s,  the  weight  may  be  safely  assumed 
as  similar  to  that  on  a  road  bridge;  it  be- 
ing understood  in  both  these  cases,  that 
the  effect  of  a  crowd  of  persons  in  motion 
considerably  increases  the  strain  on  the 
structure,  for  which  reason  a  load  of  1 
cwt.  per  sq.  ft.  is  more  frequently  assumed 
in  practice  as  a  safe  amount. 

The  weights  on  the  foundations  having 
been  thus  ascertained,  and  proportioned 
to  each  part  of   the  structure,  it   is   then 
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necessary  for  the  constructor  to  determine 
the  number  of  tons  pressure  per  sq.  ft. 
which  he  will  put  upon  the  soil  on  which 
the  building  is  erected.  In  this  respect  it 
is  curious  to  observe  what  great  variety 
appears  to  exist  in  the  practice  of  the  most 
eminent  engineers.  Take,  for  instance, 
the  pressure  of  foundations  in  solid  Lon- 
don clay, which  possesses,  perhaps,  a  great- 
er amount  of  uniformity  of  bearing-pow- 
er than  any  other  soil  ordinarily  met  with ; 
and  it  is  on  record  that  the  greatest  engi- 
neers of  the  present  day  have  varied  no 
less  than  from  1  to  8  tons  per  sq.  ft.  in  the 
pressure  which  they  allowed  to  be  placed 
on  the  foundations  of  structures  of  the 
highest  importance  on  London  clay.  In 
general,  however,  it  may  be  stated  that 
this  soil  will  compress  to  a  considerable 
extent,  though  with  tolerable  uniformity, 
tinder  greater  pressure  than  6  tons,  and 
about  4  tons  per  sq.  ft.  is  recommended 
in  practice  as  a  safe  pressure  upon  stiff 
clay;  the  foundations  being  presumed  to 
be  laid  at  such  a  depth  as  to  be  unaffect- 
ed by  the  weather, or  by  any  external  cause, 
such  as  that  of  water  settling  in  them, 
which  will  soften  the  soil  on  which  they 
rest;  or  of  deep  excavations  being  made 
in  their  immediate  vicinity,  which  will 
allow  the  clay  under  pressure  to  escape  or 
ooze  away  from  beneath  the  building. 

The  weaker  descriptions  of  clay  soils, 
such  as  loam,  for  instance,  and  also  the 
stronger  description,  such  as  indurated 
clay  or  shale,  as  well  as  soils  of  similar 
strength,  such  as  chalk,  etc.,  vary  in  bear- 
ing-power in  degrees  which  it  is  impos- 
sible here  to  indicate,  and  the  practical 
judgment  of  the  constructor  will  deter- 
mine in  each  case  the  amount  of  pressure 
they  can  be  constructed  to  sustain. 

The  beds  of  solid  gravel  which  overlie 
the  London  clay  in  many  places,  and  are  of 
common  occurrence  elsewhere,  form  when 
of  sufficient  thickness  and  uniformity,  one 
of  the  firmest  and  most  unyielding  of  the 
ordinary  soils.  They  may  safely,  under 
these  circumstances,  be  loaded  with  double 
the  pressure  which  can  be  put  upon  Lon- 
don clay  with  safety.  Where  they  occur 
but  casually,  however,  or  in  thin  and  par- 
tial beds,  it  is  preferable  to  carry  the 
foundations  through  them  till  a  uniform 
soil  is  reached;  as  otherwise  they  may 
give  rise  to  unequal  settlement,  and  to 
damage  to  the  structure  in  consequence. 

The  soils   of  sand  will   be   next   con- 


sidered. They  vary  from  a  compact  close 
sand  with  a  clayey  bind  perfectly  im- 
pervious to  water  (which  is  found  in 
the  bed  of  the  Thames  and  elsewhere), 
through  all  conceivable  varieties  of  coarse- 
ness, looseness,  and  porosity.  Porous  sand 
soils,  as  a  rule,  are  unaffected  by  stagnant 
water,  but  easily  capable  of  removal  by 
water  in  motion,  and  they  require  extreme 
care  at  the  constructor's  hands  where 
there  is  any  probability  of  the  latter  oc- 
curring. In  this  case,  the  only  course  is 
to  lay  the  foundations  so  deep  that  there 
shall  be  no  probability  of  their  being  laid 
bare  by  the  scouring  power  of  the  current. 
Perhaps  the  most  difficult  of  all  engineer- 
ing work  is  the  foundation  of  bridge 
piers  in  a  deep  soil  of  this  nature  which 
is  subject  to  the  action  of  running 
water  in  a  river;  and  the  contrivances 
adopted  in  such  cases  for  securing  the 
foundations  present  the  most  interesting 
examples  known  to  us  of  modern  engi- 
neering resources. 

Up  to  a  comparatively  recent  date,  the 
means  adopted  in  cases  of  this  kind  have 
been  usually  the  erection  of  coffer-dams 
round  the  space  to  be  occupied  by  the 
foundation  of  the  pier  ;  and  if  a  solid  soil 
could  thus  be  reached  within  a  moderate 
depth,  the  operation,  though  costly,  be- 
came one  of  tolerable  certainty.  The 
piles  forming  the  coffer-dam  being  driven 
into  the  solid  soil,  the  iuside  was  pumped 
dry,  and  the  loose  material  within  the  dam 
was  removed,  when  the  foundations  were 
laid  as  on  dry  land.  Where,  however, 
from  the  porosity  of  the  subsoil,  it  was 
impracticable  to  remove  all  water  from 
the  interior  of  the  dam,  concrete  made 
with  hydraulic  lime  or  cement  was  depos- 
ited in  the  bottom  and  raised  till  it  reach- 
ed the  level  of  the  lowest  water-surface, 
when  the  building  of  the  pier  was  con- 
tinued upwards  in  masonry  or  brickwork 
till  the  level  of  the  bearing  of  the  super- 
structure was  attained.  It  sometimes  hap- 
pened that  a  solid  bottom  was  unattainable 
by  any  of  these  means;  in  which  case  the 
usual  course  was  to  drive  long  piles  all 
over  the  foundation  surface,  over  which 
the  concrete  or  masonry  foundations  (as 
the  case  might  be)  were  laid;  this  process 
increasing  to  a  large  extent  the  bearing 
powers  of  the  soil,  even  in  cases  where 
the  piling  failed  to  reach  more  solid 
strata.  The  piles  forming  the  coffer-dam 
were  cut  off  below  the  lowest  water-level, 
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instead  of  being  wholly  removed  ;  the  un- 
derground portion  of  them  thus  forming 
an  additional  protection  to  the  pier  foun- 
dations against  the  effects  of  the  current. 

It  is  evident  that  in  this  case  the  natural 
sustaining  force  of  the  lowest  soil  reached 
must  be  the  measure  of  the  pressure  to  be 
allowed  on  the  foundation  area  of  the 
structure;  except  in  the  case  of  piling  as 
above  mentioned,  where  the  friction  on 
the  sides  of  the  piles,  as  well  as  the  re- 
sistance of  their  points  or  lower  ends  to 
sinking  under  the  superincumbent  weight, 
increased  the  sustaining  power  of  the  soil. 

Of  late  years,  the  methods  of  forming 
foundations  have  been  generally  superse- 
ded by  that  of  sinking  into  the  bed  of  the 
river  long  upright  cylinders  formed  of 
rings  of  iron  plates  bolted  together,  by 
which  means  much  greater  depths  of 
foundation  can  be  attained  at  (in  most 
cases)  a  mere  fraction  of  the  cost  required 
for  the  expensive  system  of  coffer-dams. 
These  cylinders  are  usually  sunk  in  the 
following  manner.  A  frame  or  staging  of 
timber  piles  is  first  erected  around  the 
site  of  the  cylinder,  and  a  sufficient  length 
of  cylinder  is  then  lowered  from  a  plat- 
form on  the  top  of  the  stage,  to  rest  on 
the  bed  of  the  river.  The  cylinder  is 
kept  in  its  precise  position,  as  well  as 
kept  truly  upright,  by  cross-timbers  laid 
horizontally  from  pile  to  pile  of  the  sta- 
ging at  two  or  three  different  levels  above 
the  water  surface,  which  prevent  all  late- 
ral movement  in  the  cylinder,  though  they 
do  not  impede  its  vertical  descent.  The 
soil  is  then  excavated  from  the  interior  of 
the  cylinder,  either  by  workmen  in  diving- 
dresses  or  by  machinery  specially  provided 
for  the  purpose;  and  the  cylinder  itself  is 
weighted  heavily  by  "pigs"  of  iron  or 
other  convenient  loading  being  placed 
temporarily  around  its  inner  circumfer- 
ence. The  result  of  this  operation  is,  that 
as  the  soil  is  removed  from  the  inside  of 
the  cylinder,  its  lower  edge  forces  or  cuts 
its  way  downwards  from  the  influence  of 
the  heavy  loading,  and  the  cylinder  grad- 
ually descends  through  the  soil  till  the 
required  depth  is  reached.  As  this  takes 
place,  fresh  rings  of  iron  plates  are  added 
on  the  top,  so  that  the  upper  portion  of 
the  cylinder  is  always  kept  above  water, 
and  is  retained  by  the  timber  guides 
above  mentioned,  in  a  vertical  position. 
The  outside  surface  of  the  cylinder,  which 
is  in  contact  with  the  guides  and  with  the 


soil  below,  is  formed  to  present  always  a 
smooth  surface  ;  and  all  the  flanges  or 
projections  by  which  the  several  rings  are 
bolted  together  are  kept  on  the  inside  of 
the  cylinder1,  and  serve  also  the  double 
purpose  of  carrying  the  pig  iron  loading 
for  assisting  the  sinking  of  the  cylinder. 

By  this  method,  cylinders,  have  been 
carried  down  to  100  ft.  below  water  level, 
and  to  even  greater  depths  occasionally  ; 
and  the  cases  are  comparatively  rare 
where  a  solid  bottom  cannot  thus  be 
reached. 

It  is  then  usual  to  fill  the  cylinders  with 
concrete,  made  of  hydraulic  lime  or  ce- 
ment, and  thus  to  render  them  suitable 
for  supporting  the  superstructure  of  the 
bridge.  In  some  cases  the  upper  rings  of 
the  cylinders  above  the  level  of  lowest 
water  are  removed,  and  the  portion  of  the 
pier  above  that  level  is  built  up  in  ma- 
sonry, so  as  to  present  the  appearance 
above  water  of  an  ordinary  brick  or  stone 
pier. 

The  pressure  on  the  foundations  in  this 
case  is  evidently  caused  not  only  by  the 
weight  of  the  superstructure,  but  by  that 
of  the  cylinder  itself,  and  of  the  concrete 
which  fills  it.  When  the  depth  of  the  cyl- 
inder is  considerable,  the  weight  of  the 
concrete  makes  so  large  an  addition  to 
the  pressure  on  the  foundations,  that  it  is 
frequently  very  difficult  to  so  apportion 
the  size  of  the  cylinder  that  the  area  of 
ground  on  which  it  rests  shall  have  suffi- 
cient bearing  power  for  sustaining  the 
load  which  it  has  to  carry.  In  such  a 
case  every  contrivance  is  used  to  lighten 
this  pressure,  both  by  diminishing  the 
size  of  the  cylinder  above  the  river  bed, 
and  by  making  the  superstructure  as  light 
as  is  consistent  with  stability.  Tne  fric- 
tion of  the  soil  on  the  sides  of  the  cylin- 
der (especially  in  the  case  of  clay,  which 
has  a  tendency  to  swell  when  cut  into),  is 
also  useful  in  aiding  to  prevent  the  cyl- 
inder from  sinking  further  when  tne 
weight  of  the  superstructure  comes  up- 
on it. 

It  is  also  generally  found  that  ordinary 
soils  will  bear  more  weight  at  great  depths 
than  nearer  to  the  surface.  This  is  main- 
ly owing  to  their  becoming  more  con- 
densed from  the  superincumbent  weight ; 
and  also  (especially  in  clay  soils)  to  the 
increased  difficulty  of  displacing  laterally 
the  soil  under  pressure.  This  may  be 
understood  by  considering  the  action  of. 


62 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


an  ordinary  pointed  pile,  which,  as  it  is 
driven  into  the  ground,  displaces  the  orig- 
inal material  which  is  forced  outwards  or 
sideways,  and  renders  the  soil  more  con- 
densed in  its  immediate  vicinity.  A  some- 
what similar  effect  takes  place  in  clay 
under  the  pressure  of  superincumbent 
weight,  which  causes  the  soil  to  yield  or 
ooze  away  sideways  in  consequence  ;  and 
this  movement  is  found  to  take  place  with 
less  facility  at  great  depths.  An  example 
of  this  is  found  in  the  railway  bridge  over 
the  Thames  at  Charing-eross,  the  pier 
cylinders  of  which  are  stated  to  exert  a 
pressure  of  8  tons  to  the  sq.  ft.  on  their 
foundations  on  the  London  clay;  a  pres- 
sure to  which  the  same  soil  could  not  be 
exposed  at  a  less  depth  from  the  surface 
without  causing  some  risk  of  undue  sub- 
sidence. 

When  sand  of  good  quality,  however,  is 
protected  from  being  washed  away  by 
running  water  or  heavy  rains,  it  forms  an 
excellent  foundation.  It  is  firm  and  com- 
pact in  its  nature,  and  when  in  beds  of 
sufficient  thickness,  it  may  be  loaded  in 
practice,  with  pressures  of  6  to  8  tons  per 
sq.  ft.  with  perfect  safety. 

Before  proceeding  further,  however, 
some  practical  considerations  must  be  al- 
luded to  which  modify  the  question  of  the 
amount  of  pressure  which  may  safely  be 
put  upon  a  given  soil. 

Suppose,  for  instance,  a  solid  block  of 
masonry  20  ft.  square  and  20  ft.  high,  and 
a  thin  wall  of  the  same  material,  also  20 
ft.  high,  were  placed  upon  the  same  soil. 
On  this  supposition,  the  conditions  both 
of  soil  and  of  pressure  upon  each  sq.  ft. 
of  the  foundations  would  be  alike  in  each 
case  ;  and  yet  the  thin  wall,  as  regards 
the  stability  of  its  foundation,  would  be 
far  less  advantageously  situated  than  the 
square  block.  A  much  slighter  inequality 
in  the  bearing- power  of  the  soil  would 
disturb  its  equilibrium,  or  throw  it  out  of 
the  perpendicular  ;  and  it  would  also  be 
more  liable  to  damage  from  external 
causes  affecting  the  ground  on  which  it 
stood.  Again,  if  the  construction  were  a 
tall  shaft  or  column  instead  of  a  wall,  and 
therefore  capable  of  being  easily  deflected 
sideways  in  any  direction,  these  liabilities 
to  injury  would  be  still  further  increased. 
To  place  the  two  structures,  therefore,  on 
an  equal  standing,  it  is  necessary  to  reduce 
considerably  the  pressure  on  the  founda- 
tions of  the  weaker  one  ;  and  this  is  gen- 


erally done  in  practice.  It  is  customary 
to  extend  the  foundation  courses  of  a  wall 
or  column  to  a  considerable  width  beyond 
the  face  of  the  superstructure  ;  and  vari- 
ous contrivances  are  used  for  effecting  this 
purpose.  The  most  usual  of  these  is  to 
extend  the  width  of  the  foundation  by 
means  of  footing  courses,  which,  if  proper- 
ly constructed,  have  the  effect  not  only 
of  diminishing  the  pressure  on  the  soil, 
but  of  otherwise  increasing  the  stability 
of  the  structure,  by  augmenting  the  lever- 
age with  which  the  foundation  resists  the 
force  of  the  wind  or  other  external  causes 
acting  on  the  building  above,  and  tending 
to  overturn  it. 

Where  it  is  desirable,  from  the  weakness 
of  the  soil  or  otherwise,  to  extend  the 
foundation  still  more  than  can  be  con- 
veniently effected  by  footings,  it  is  usual 
to  place  a  layer  of  concrete  of  still  greater 
width  beneath  the  footings,  or  to  prepare 
a  foundation  of  timber  piling  or  cross 
planking  upon  which  the  superstructure 
can  be  erected. 

In  this  way  it  generally  occurs  in  prac- 
tice, that  the  foundations  of  thin  walls  on 
the  weaker  soils  are  compressed  to  about 
half  the  above-mentioned  amounts  only. 
But  in  the  piers  and  abutments  of  bridges, 
and  in  other  structures  covering  a  large 
space  in  proportion  to  their  height,  the 
pressures  indicated  above  may  be  gener- 
ally adopted  with  security. 

The  rocky  soils,  which  vary  from  the 
hardness  of  granite  to  that  of  soft  crumb- 
ling stone  easily  worn  by  exposure  to  the 
weather  or  to  running  water,  may  be 
considered  in  the  same  category  of  bear- 
ing-power as  masonry  itself,  which  will  be 
subsequently  treated  of.  In  fact,  it  scarce- 
ly ever  occurs  in  practice  that  such  soils 
are  loaded  with  the  full  amount  of  weight 
which  they  are  capable  of  sustaining;  the 
extent  of  base  necessary  for  the  stability  of 
the  structure  being,  in  almost  all  cases,  suf- 
ficient to  insure  a  sufficient  area  of  founda- 
tion on  rock  and  the  harder  soils. 

The  weight  of  the  structure  having  been 
calculated,  the  pressure  per  sq.  ft.  on  the 
soil  determined,  and  the  area  of  the 
foundations  deduced  therefrom  as  above 
described,  the  base  of  the  structure  must 
be  extended  either  by  footings,  concrete, 
or  otherwise,  so  as  to  cover  that  area  and 
transmit  the  pressure  equally  and  uniform- 
ly over  it. 

Great  care  is  of  course  required  when 
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sudden  changes  or  variations  in  the  soil 
take  place,  to  insure  that  the  settlement 
of  the  structure,  if  any  occur,  shall  be 
uniform  over  its  whole  extent. 

It  now  remains  to  consider  the  pres- 
sures which  may  be  safely  adopted  on 
the  materials  themselves  used  in  founda- 
tions, as  distinguished  from  the  soil  on 
which  they  rest. 

Good  ordinary  brickwork  will  crush 
with  a  load  of  about  30  tons,  and  may  be 
loaded  safely  in  practice  up  to  10  tons  per 
sq.  ft.  Brickwork  of  the  best  description, 
set  in  Poitland  cement,  can  be  loaded  in 
practice  with  double  tbis  quantity,  al- 
though this  should  be  considered  an  ex- 
treme amount;  and  it  is  more  advisable 
to  keep  well  within  it,  especiallly  in  thin 
walls  and  columns,  which  are  liable  to 
deflection  under  such  heavy  pressures  ; 
the  latter  cause  of  failure  being  quite  in- 
dependent of  the  inherent  resistance  of 
the  material  to  crushing  weights. 

The  limit  of  load  which  should  be  put 
upon  stonework  depends  upon  the  nature 
and  quality  of  the  workmanship  as  well  as 
upon  the  hardness  of  the  stone  itself. 
Thus,  rubble  walls  with  thick  and  irregu- 
lar joints  of  mortar  are  weaker  than  even 
inferior  brickwork  for  the  support  of 
heavy  superincumbent  weights,  while 
well- bedded  ashlar  masonry  will  bear 
loading  to  an  immense  extent.  In  general, 
from  8  to  30  tons  per  sq.  ft.  may  be  taken 
as  the  practical  limits  of  such  loading  ; 
but  so  much  depends  in  each  case  on  the 
quality  of  the  materials  and  workmanship, 
that  it  is  impossible  to  specify  more  pre- 
cisely what  limit  should  be  adopted  in  each 
case,  which  must  be  left  in  a  great  degree 
to  the  judgment  of  the  constructor. 

The  bearing-powers  of  concrete  may  be 
taken  at  from  t>  to  20  tons  per  sq.  ft.  ac- 
cording to  the  goodness  of  the  materials 
of  which  it  is  composed,  and  the  propor- 
tions of  lime  or  cement  used  in  mixing  it. 

The  bearing-power  of  timber  piles  is  an 
important  feature  in  foundations,  and 
varies  according  to  the  nature  of  the  soil 
and  the  size  and  length  of  piles  driven. 
The  more  ordinary  application  of  piles  is 
to  drive  them  through  a  loose  or  weak 
material  to  a  firm  stratum  underlying  it  ; 
in  which  case  they  may  be  considered  as 
columns  or  pillars  supporting  the  super- 
structure, and  stayed  or  steadied  along 
their  length  by  the  contact  of  the  soil 
through  which  they  are  driven.     In  this 


case,  and  under  ordinary  circumstances, 
long  piles  of  whole  timber  driven  to  the 
usual  extent  (as,  for  instance,  that  a  ton 
hammer  with  a  15  ft.  fall  should  not  drive 
the  pile  more  than  \  of  an  in.),  may  be 
trusted  to  carryaloadoffromlOto  15  tons. 
Where  the  soil  is  very  loose  or  fluid,  how- 
ever, this  load  should  be  diminished ;  as  such 
a  soil  affords  insufficient  lateral  support  to 
the  length  of  the  pile,  and  allows  it  to  de- 
flect sideways,  which  materially  diminishes 
its  strength.  In  this  case,  a  greater  num- 
ber of  piles  is  generally  used,  which  has  the 
double  advantage  of  both  condensing  the 
soil  and  of  diminishing  the  loading  upon 
each  pile. 

Piling  is  also  frequently  used  in  semi- 
fluid soils  of  great  depth,  where  no  firm 
bottom  stratum  is  attainable.  In  Holland 
this  takes  place  to  a  great  extent,  the  large 
houses  in  that  country  being  universally 
built  upon  a  foundation  of  this  description. 
In  the  swampy  lands  of  America  also,  the 
same  foundation  is  in  very  general  use  for 
engineering  works.  The  bearing-power 
of  the  piles  in  this  case  consists  mainly  of 
the  friction  or  adhesion  of  the  soil  to  their 
surface,  and  this  amount  varies  greatly, 
according  to  the  nature  of  the  soil.  In 
fine  sand,  which  is  a  very  adhesive  mate- 
rial, it  has  been  found  by  experiment  to 
be  fully  1  ton  per  superficial  foot  of  the 
pile  surface  (the  piles  being  long  and  fully 
driven);  but  this  amount  of  resistance  is 
seldom  attained.  The  load  which  piles 
in  this  condition  will  sustain  may  be  as- 
certained with  facility  by  using  one  of  the 
undriven  piles  as  a  horizontal  lever  to 
withdraw  a  pile  already  driven  ;  the  lever 
having,  of  course,  its  short  arm  attached  by 
a  chain  to  the  pile  which  is  to  be  drawn, 
and  its  long  arm  loaded,  the  measure  of 
the  weight  required  to  draw  it  will  be  of 
course  the  friction  of  the  ground  upon  the 
surface  of  the  pile.  The  pile  should  not 
be  loaded  in  practice,  however,  with  more 
than  one-sixth  of  the  weight  sufficient  to 
draw  it,  when  the  soil  throughout  is  of  a 
weak  and  fluid  character. 

When  foundations  of  planking  are 
adopted  (which,  though  liable  to  rapid 
decay  in  a  dry  situation  or  in  one  where 
the  timber  is  wet  and  dry  alternately,  may 
be  used  with  a  tolerable  amount  of  safety 
in  wet  soils),  the  planks  are  usually  cut  in 
short  lengths  and  laid  crossways  to  the 
wall  ;  and  tied  longitudinally  together  by 
longitudinal  planking   under  the  super- 
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structure,  of  the  full  width  of  the  footing 
course.  The  longitudinal  and  cross  planks 
are  spiked  together  and  are  found  to  make 
an  excellent  foundation.  Good  timber 
may  be  loaded  in  this  position  up  to  8  or 
10  tons  per  sq.  ft.,  and  affords  an  excellent 
means  for  distributing  the  superincumbent 
pressure  over  a  large  surface,  which  is  es- 
pecially valuable  in  the  case  of  the  weaker 


soils.  The  above  remarks  show  the  general 
principles  upon  which  foundations  can  be 
laid  with  security  in  the  cases  most  ordi- 
narily occurring  in  practice.  They  are, 
however,  necessarily  subject  to  modifica- 
tion in  the  endless  variety  of  circumstances 
met  with  by  the  practical  architect  and 
engineer  in  the  exercise  of  their  profes- 
sion. 


GUN-COTTON. 


From  "Engineering/ 


A  series  of  important  experiments  with 
gun-cotton  were  lately  carried  out  at  Cliff 
End,  near  Hastings,  by  the  Committee  on 
Explosives,  under  the  direction  of  Colonel 
Younghusband,  R.  A.,  the  President  of 
the  Committee.  The  experiments  related 
to  the  storage  of  Professor  Abel's  com- 
pressed gun-cotton,  the  object  being  to  as- 
certain the  behavior  of  that  material 
upon  heat  being  applied  under  certain 
conditions.  The  first  point  investigated 
was  whether  the  ignition  of  a  considerable 
quantity  of  dried  gun-cotton  packed  in 
service  boxes,  and  stored  in  a  lightly-con- 
structed magazine,  would  result  in  a  vio- 
lent explosion,  or  whether  the  contents  of 
the  magazine  would  merely  burn  out.  For 
this  experiment  a  light  wooden  shed  was 
erected,  measuring  about  8  ft.  6  in.  square, 
and  rising  from  5  ft.  at  front  to  7  ft.  6  in.  in 
the  rear  in  height,  roofed  in  with  plank- 
ing and  felted.  The  charge  consisted  of 
24  boxes  of  compressed  gun-cotton,  each 
box  containing  28  lbs.  The  boxes  were  ar- 
ranged in  two  piles  of  12  each,  the  piles 
being  2  ft.  apart  and  1  ft.  from  the  wall  of 
the  building,  representing,  as  nearly  as 
possible,  the  arrangement  of  a  gun-cotton 
magazine.  A  couple  of  boxes  were  par- 
tially opened  in  order  to  facilitate  the  ac- 
cess of  fire  to  the  gun-cotton,  and  the 
charge  was  surrounded  by  a  pile  of  shav- 
ings, with  which  an  electric  fuse  was  con- 
nected. As  soon  as  the  shavings  were  ig- 
nited, a  whitish  smoke  issued  from  the 
shed  with  increasing  volume  for  7  rain., 
when  flame  burst  forth,  and  in  a  few  sec- 
onds a  sharp  explosion  occurred;  which 
demolished  the  shed  and  formed  a  crater 
20  ft.  diameter  and  2  ft.  deep  in  the  shingle 
beach. 

Another  object  of  the  experiments  was  to 
ascertain  whether  the  accidental  ignition 


of  gun-cotton  in  a  solidly-built  magazine 
would  result  in  a  violent  explosion.  For 
this  purpose  a  shed  of  14  in.  brickwork, 
covered  in  with  a  9  in.  vaulting  of  the  same 
material,  was  constructed.  In  it  were  plac- 
ed 24  boxes  of  gun-cotton  arranged  as  for 
the  first  experiment,  and  surrounded  by 
shavings.  Upon  ignition,  a  stream  of 
yellow  flame  rushed  out  of  the  doorway  to 
a  distance  of  20  ft.  horizontally  for  about 
10  sec,  when  the  magazine  was  blown 
violently  up,  the  debris  forming  a  cloud  in 
the  air,  and  some  of  the  bricks  being 
hurled  to  a  distance  of  1,800  ft.  from  the 
point  of  explosion.  This  affords  ample 
evidence  that  the  mere  combustion  of  this 
gun-cotton  cannot  be  relied  upon  under 
such  circumstances.  Such  being  the  re- 
sult, it  was  deemed  desirable  to  repeat 
the  experiment  on  the  following  day.  Ac- 
cordingly, another  6  cwt.  charge  of  the  gun- 
cotton  discs  was  disposed  in  the  same  or- 
der as  previously,  in  a  light  timber  mag- 
azine. The  only  difference  was  that  the 
gun-cotton  in  the  previous  experiments 
was  packed  in  cases  made  of  \  in.  deal 
boards  dovetailed  into  stout  elm  ends, 
whilst  on  the  second  occasion  it  was  pack^ 
ed  in  f  in.  deal  cases  with  deal  ends  and 
nailed  together.  Upon  being  ignited,  the 
shed  smouldered  for  35  nam.  45  sec,  when 
the  gun-cotton  flames  burst  forth,  rising  to 
an  estimated  height  of  60  ft.,  and  lasting 
for  15  sec  The  magazine  was,  by  this 
means,  thoroughly  ignited,  and  after  a 
lapse  of  3  min.  the  gun-cotton  flames  again 
made  their  appearance,  lasting  for  10  sec. 
The  timbering  of  the  shed  burned  for  some 
time  afterwards,  but  from  first  to  last 
there  was  no  explosion  whatever.  This 
circumstance,  of  course,  entirely  reversed 
the  results  of  the  previous  day,  and  was  so 
remarkable  that  the  Committee  resolved 
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to  repeat  the  experiment  once  more.  This 
they  did  by  igniting  a  charge  of  560  lbs. 
under  precisely  the  same  conditions  as  be- 
fore, the  result  being  that  the  gun-cotton 
burned  with  an  intensely  bright  flare,  but 
without  any  explosion  whatever.  It  is 
surmised  that  in  the  last  two  experiments 
the  fire  had  smouldered  and  was  not  suf- 
ficiently intense  to  produce  that  tension  in 
the  gun-cotton  which  would  have  been  ne- 
cessary to  its  explosion.  It  is,  therefore, 
intended  to  proceed  still  further  with 
these  experiments,  in  order,  if  possible, 
to  determine  the  question.  Any  number 
of  repetitions,  however,  cannot  reverse  the 
fact  that  compressed  gun-cotton  is  liable 
to  explode  when  fired  in  mass  in  a  maga- 
zine, as  attested  by  the  first  day's  experi- 
ments, and  that,  for  the  present,  at  any 
rate,  it  must  be  treated  as  an  explosive, 
and  not  as  a  mere  combustible. 

The  next  experiment  was  made  with  a 
view  to  test  the  safety  of  gun-cotton  stored 
in  a  wet  condition .  For  this  purpose  6 
cwt.  of  gun-cotton  discs  were  wetted  for  1| 
min.,  the  time  required  for  them  to  absorb 
20  per  cent,  of  moisture.  They  were  placed 
in  a  light  shed  and  fired  in  the  same  man- 
ner as  the  previous  charges,  burning  for 
about  25  min.,    and  emitting  fire,    smoke, 


and  steam.  These  results  were,  of  course, 
satisfactory  enough,  but  it  is  far  from  de- 
sirable to  have  a  material  which  requires  to 
be  kept  constantly  wet  in  store,  and  which 
has  to  be  dried  before  it  can  be  used. 
This  protective  notion  is  very  pretty  in 
theory,  and  so  was  Gale's  method  of  pro- 
tecting gunpowder,  but  they  alike  fail  in 
practice.  The  experiments  were  brought 
to  a  close  by  the  demolition  of  2  Martello 
towers,  one  by  means  of  800  lbs.  of  gun- 
powder, and  the  other  with  200  lbs.  of  gun- 
cotton.  Both  did  their  work  equally  well, 
and  the  results  add  nothing  to  our 
previous  knowledge  of  the  power  of  gun- 
cotton.  The  point  at  which  the  experi- 
ments leave  us  is,  that  gun-cotton  will  ex- 
plode in  a  magazine  under  circumstances 
of  ordinary  ignition.  The  cause  of  this, 
however,  is  not  yet  clear,  and  the  results 
of  the  above  trials  show  that  further  ex- 
periments are  necessary  in  order  to  deter- 
mine the  precise  nature  of  this  explosive. 
In  the  mean  time  it  is  clear  that  gun-cot- 
ton cannot  be  relied  upon  for  safety  in 
storage;  the  circumstances  of  the  two  ex- 
perimental explosions — the  flare  and  the 
subsequent  explosion — but  too  nearly  re- 
semble those  testified  to  as  having  occur- 
red at  the  Stowmarket  catastrophe. 


THE    ADAPTABILITY    OF    TITANIFEROUS   ORES   FOE    THE    PRO- 
DUCTION OF  IRON  BY  KNOWN  METHODS.* 


By  G.  W.  MAYNARD,  SI.  E. 


It  is  proposed  in  the  following  paper  to 
sum  up  the  published  accounts  of  experi- 
ments that  have  been  made  with  titanifer- 
ous  ores, with  the  hope  that  an  information 
of  similar  experiments  carried  on  in  our 
own  country  may  be  called  forth. The  large 
deposits  of  titanic  ores  on  the  St.  Law- 
rence, in  Canada,  in  North  Carolina,  and 
especially  in  Northern  New  York,  on  Lake 
Champlain,  demand  an  examination  of 
their  value,  The  most  extensive  known 
deposits  are  those  in  Essex  county,  N.  Y., 
near  the  town  of  Westport,  on  Lake  Cham- 
plain,  and  are  the  mines  known  as  the 
"Kingdom,"  "Iron  Mountain,"  and  "Split 
Rock." 

The  following  are  analyses  of  samples 
of  ore  selected  by  myself  at  the  mines  and 


*  A  paper  read  before  the  American  Institute  of  Mining  En- 
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In  the  above  analyses,  my  assistant,  Dr. 
Wendell,  rendered  material  aid. 

The  distinguishing  characteristics  of 
titanic  acid  compounds  are  difficult  fusi- 
bility and  high  specific  gravity.  This  has 
been  made  evident  in  all  attempts  to 
smelt  this  character  of  ore  in  the  blast 
furnace  by  the  production  of  exceedingly 
sluggish  slag,  and  the  formation  of  sala- 
manders in  the  hearth. 

EVIDENCE  OF  TITANIUM  IN  THE  ASSAY. 

In  the  fire  assay  of  titaniferous  ores> 
according  to  Percy  ("Iron  Met."  p.  243 )> 
"  the  button  is  smooth  on  the  exterior, 
breaks  under  the  hammer  with  dark  gray, 
dull,  or  crystalline  fracture.  It  adheres 
firmly  to  the  slag,  which  is  often  resinous, 
black,  and  scoriaceous,  or  curiously  wrin- 
kled on  the  exterior.  Externally  the  slag 
and  sometimes  the  button  is  coated  with 
a  characteristic  copper-colored  film  of  cy- 
mio-nitjride  of  titanium."  In  my  own  ex- 
amination of  titaniferous  ores,  I  have  fre- 
quently found  this  metallic  film  to  have 
the  bright  yellow  color  of  brass. 

EVIDENCE  IN  THE  BLAST  FURNACE. 

The  same  copper-colored  metallic  de- 
posits are  often  found  in  the  salamanders 
of  blown  out  blast  furnaces. 

TITANIUM  IN  IKON  AND  STEEL. 

Much  has  been  claimed  for  the  influ- 
ence of  titanium  upon  iron  and  steel,  and, 
according  to  Percy,  no  less  than  13  pat- 
ents were  granted  Robert  Mushet  for 
"  alleged  improvements  in  the  manufac- 
ture of  iron  and  steel,  and  in  all  the  ap- 
plication of  titanium  plays  the  chief  part." 
It  is  not  necessary  to  state  in  this  con- 
nection how  the  various  alloys  are  claimed 
to  be  made.  Percy  goes  on  to  say  that 
"  some  analytical  chemists  of  skill  and 
repute  declare  that  they  have  examined 
specimens  of  'titanic  steel'  without  being 
able  to  detect  any  titanium  in  it.  On  in- 
quiry, I  learn  that  Mr.  Mushet  has  not 
yet  succeeded  in  convincing  the  Sheffield 
steelmakers  of  the  surpassing  excellence 
which  he  claims  for  his  '  titanic  steel.'  " 

KABSTEN's  RESEARCHES. 

"  According  to  Karsten,  traces  of  titan- 
ium exist  in  very  many  varieties  of  cast 
iron  ;  but  it  is  questionable  whether,  in 
such  cases,  the  metal  be  actually  alloyed 
,  with  or  dissolved  in  the  iron,  and  whether 
it  be  not  in  the  state  of  mechanically  dif- 
fused cyano-nitride.'' 


ALLOYS  OF  TITANIUM  AND  IRON. 

"Faraday  and  Stodart  failed  in  their 
attempts  to  introduce  titanium  into  steel. 
A  mixture  of  steel  filings  and  oxide  of 
titanium,  with  a  little  charcoal,  was  in- 
tensely heated,  when  the  steel  fused  and 
ran  into  a  fine  globule,  which  was  cov- 
ered with  a  glass  adhering  to  the  sides  of 
the  crucible;  the  steel  contained  no  titan- 
ium. The  temperature  employed  was 
sufficient  to  soften  and  almost  liquefy  the 
crucible  in  15  minutes." 

Mr.  Riley  has  made  the  following  anal- 
yses of  pig  irons  containing  titanium  : 

12  3. 

Carbon 3.31  3.18  3.11 

Silicon 186  3.28  3.55 

Sulphur 0.071  0  058  0  112 

Phosphorus 0  076  0.062  0  093 

Titanium 1.150  0.71  0.470 

Manganese 0  50  0.48  1.09 

Iron 93  47  92.79  92.04 

No.  1  was  made  with  red  hematite  and 
7.5  per  ct.  ilmenite  (titaniferous  iron  ore), 
of  which  the  following  are  the  analyses  : 

Magnetic  oxide  of  iron 46.14  54.72 

Titanicacid 36.88  40.80 

Silica 13.32  1.58 

Magnesia   2.07  2.13 

Lime 0.78  0.66 

Bisulphide  of  iron 1.05  .... 

This  iron  was  a  No.  1  pig,  best  foundry, 
found  to  be  practically  very  strong,  and 
answered  well  for  the  Bessemer  process. 

No.  2,  not  best  foundry  ;  No.  3,  gray 
pig.  These  two  samples  of  pig  iron  were 
made  with  red  hematite,  mixed  with  a 
little  Belfast  aluminous  ore  ;  the  effect  of 
the  latter  on  the  working  of  the  furnace 
was  stated  to  be  very  beneficial. 

EFFECT  OF  TITANIUM  ON  IRON. 

Bruno  Kerl  states  :  "  When  smelting 
titaniferous  iron  ores  (titaniferous  iron 
sand  of  New  Zealand),  upon  adding  titan- 
ite  to  the  iron  ore  mixture,  gray  titanifer- 
ous pig  iron  is  produced  (not  white  iron, 
as  in  this  production  most  of  the  titanium 
enters  the  slag),  which  is  said  to  yield  an 
excellent  wrought  iron  and  steel ;  but  it 
is  still  doubtful  whether  any  portion  of 
the  titanium  is  retained  in  the  wrought 
iron  or  steel  made  from  such  pig  iron,  so 
that  the  improvement  attributed  to  the 
use  of  titaniferous  ore  is  probably  due  to 
some  indirect  action  rather  than  to  the 
actual  presence  of  titanium  in  the  finished 
product." 

Lesley,  in  the  "Iron  Manufacturer's 
Guide,"  says :     "  Iron  and  titanium  occur 
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together  in  so  many  ores  that  their  rela- 
tions are  important." 

Karsten  says  that  titanium  makes  the 
Norwegian  iron  strengfussig,  hard  to  smelt, 
so  that  when  the  titanium  is  abundant  in 
the  ore,  the  35- ft.  charcoal  stacks  of  Aren- 
dale  cannot  smelt  it,  and  it  is  therefore 
hand  picked.  Otherwise  no  injury  is  done 
the  iron,  which,  in  fact,  is  harder,  firmer, 
and  can  stand  more  wear. 

Hassenfratz  experimented  with  rutile, 
or  red  short  (oxide  of  titanium),  and 
found  his  iron  remain  malleable,  and  nei- 
ther red  nor  cold  short.  It  is  doubtful  if 
the  metals  unite  chemically. 

The  following  paper,  by  Mr.  David 
Forbes,  in  the  London  "  Chemical  News," 
for  February,  1869,  is  the  most  important 
contribution  to  our  own  knowledge  of 
this  subject  that  I  have  been  able  to  find. 
"  On  the  Composition  and  Metallurgy  of 
some  Norwegian  Titaniferous  Iron  Ores, 
by  David  Forbes  :  " 

"  Considerable  attention  has  of  late 
been  directed  to  the  utilization  of  the  ti- 
taniferous ores,  which  are  found  .abun- 
dantly in  New  Zealand,  Canada,  Scandi- 
navia, and  other  countries,  under  the 
supposition  entertained  by  many  engaged 
in  the  manufacture  of  iron,  that  these  ores 
yield  on  smelting  an  iron  or  steel  alloyed 
with  titanium,  and  of  very  superior  qual- 
ity. 

"  In  the  numerous  articles  and  discus- 
sions which  have  appeared  in  English 
journals  upon  this  topic,  the  subject  has 
been  treated  as  one  of  entire  novelty,  and 
various  patents  have  also  been  taken  out, 
evidently  under  the  impression  that  such 
ores  had  never  previously  been  utilized, 
and  that  their  treatment,  as  well  as  the 
nature  of  their  -  products,  had  been  pre- 
viously quite  unknown  to  metallurgists. 
So  far,  however,  from  this  being  in  reality 
the  case,  it  is  well  known  that  the  titanif- 
erous magnetites  of  Sweden,  Finland, 
and  Norway,  have,  from  very  old  periods, 
been  mined  and  smelted  on  a  large  scale 
in  the  charcoal  blast  furnaces  of  those 
countries,  where  their  metallurgic  treat- 
ment and  value  are  thoroughly  under- 
stood and  appreciated;  and  several  Scan- 
dinavian iron  masters  have  expressed  to 
me  their  surprise  at  the  want  of  informa- 
tion possessed  by  English  metallurgists  in 
general  upon  this  subject. 

"  My  own  experience  in  the  smelting  of 
titaniferous  iron  ores  dates  from  as  far 


back  as  1847,  when  I  acted  as  consultant 
to  some  small  charcoal  iron  works  in  the 
south  of  Norway,  where  such  ores  were 
smelted  in  quantity.  From  my  notes  and 
analyses  I  have  extracted  the  following 
remarks  :  "Titaniferous  magnetite  (Cris- 
tine  mine,  Krageroe).  The  color  of  this 
ore  is  brilliant  black,  and  retains  its  color 
and  lustre  even  after  long  exposure  to  the 
air  and  moisture.  The  following  is  the 
result  of  the  analysis  : 

Iron 42.02  percent. 

Oxygen  (as  loss) 16  03  " 

Protoxide  of  manganese 0.14  " 

Alumina 2.61  " 

Lime 2.11  " 

Magnesia 188  " 

Silica 19  90  " 

Titanic  acid 15.10  " 

Sulphur 0  19 

Phosphorus  0  00  " 

100.00  percent. 

"  'Especial  attention  is  called  to  the  fact 
that  there  is  not  a  trace  of  phosphorus  in 
this  ore. 

"'The  experience  of  the  Scandinavian 
iron  masters  has  shown  that  the  only  ob- 
jection to  the  use  of  titaniferous  ores  is 
that  they  are  found  to  be  more  and  more 
refractory  in  the  blast  furnace  in  propor- 
tion as  they  contain  a  greater  percentage 
of  titanic  acid,  and  if  much  titanium  is 
present  they  require  so  much  larger  an 
amount  of  charcoal  to  smelt  them  as  not 
to  render  their  employment  profitable  in 
a  country  where  other  ores,  free  from 
titanium,  can  be  obtained  at  reasonable 
rates.' 

"After  considerable  experience  in  smelt- 
ing the  above  ore,  which  yielded  a  very 
good  iron,  it  was  found  impossible  to 
smelt  it  alone  for  the  above  reason,  but  its 
use  was  found  beneficial  when  employed 
in  about  equal  proportions  with  the  other 
ores  of  the  district  which  were  free  from 
titanium.  In  the  attempts  to  cause  it  to 
smelt  more  easily,  my  predecessor,,  under 
the  supposition  that  a  volatile  compound 
of  silicon  and  titanium  would  be  formed, 
fluxed  this  ore  with  gradually  increasing 
charges  of  stamped  quartz,  until  at  last  a 
cast  iron  was  obtained  so  highly  charged 
with  silicon  that  it  flowed  from  the  fur- 
nace like  porridge.  I,  on  the  contrary, 
used  lime  as  a  flux,  and  probably  went  at 
first  to  the  other  extreme,  with  the  object 
of  slagging  off  the  titanic  acid  as  titanate 
of  lime,  but  I  did  not  obtain  as  satisfactory 
a  result.  Subsequently,  however,  the  ex- 
amination of  some  silico-titanates,  which 
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proved  much  more  fusible  than  pure  titan- 
ates,  led  me  to  employ  a  mixture  of 
stamped  quartz  and  limestone  as  a  flux. 
This  was  found  to  give  very  satisfactory 
results  iu  practice,  and  when  the  amount 
of  titanium  in  the  ore  did  not  exceed  8 
per  cent.,  or  was  reduced  to  this  percent- 
age by  admixture  of  other  ores  of  iron 
free  from  titanic  acid,  no  difficulty  was 
experienced  in  working  cleanly  and  prof- 
itably. The  cast  iron  produced,  upon 
analysis,  did  not  contain  phosphorus,  only 
a  trace  of  sulphur,  and  afforded  0.05  per 
cent,  of  titanic  acid,  equal  to  0.03  per 
cent,  of  titanium,  which,  I  imagine,  was 
rather  mechanically  intermixed  than 
chemically  combined  with  the  iron.  The 
cast  iron  possessed  a  peculiar  fracture  not 
easily  described,  but  easily  distinguished 
by  the  furnace  men,  who  could  at  once 
recognize  the  pig  from  these  ores,  even 
after  it  had  been  remelted  in  the  cupola. 
The  slags  from  this  ore  (and  titaniferous 
ores  in  general),  even  in  cases  where  it 
had  only  been  employed  as  an  admixture 
of  as  low  as  10  per  cent,  of  the  charge, 
are  at  once  recognizable,  both  by  their 
behavior  when  fluid  as  well  as  their  ap- 
pearance and  fracture  when  cold.  As 
they  flow  from  the  furnace  a  series  of  blis- 
ters (if  they  may  be  so  called)  rise  up  from 
the  slag  sometimes  to  the  height  of  from 
6  in.  to  a  foot,  and  of  about  the  thickness 
of  the  wrist ;  after  standing  up  thus  for 
some  minutes  with  a  peculiar  appearance 
they  suddenly  collapse  and  sink  into  the 
still  fluid  current  of  slag.  The  blast  fur- 
nace in  which  these  ores  were  smelted 
possessed  the  following  dimensions  :  To- 
tal vertical  height  from  sole  of  hearth  to 
charging  plane,  32  ft. ;  height  from  hearth 
to  tuyeres,  1\  ft. ;  ditto  to  shoulder,  6  ft. ; 
ditto  from  shoulder  to  widest  diameter,  2 
ft. ;  diameter  at  hearth,  2  ft. ;  ditto  at 
shoulder,  4  ft;  ditto  to  widest  part,  7  ft.; 
ditto  at  charging  plane,  5  ft.  The  blast 
was  heated  to  about  500  deg.  Fahr.  (2,608 
Cent.),  by  the  waste  gases  from  the  fur- 
nace. The  ore  was  roasted  in  kilns  situ- 
ated on  the  top  of  the  furnace,  and  heated 
by  the  waste  gases,  and,  after  washing,  it 
was  broken  to  the  size  of  nutmegs  by  roll- 
ers. The  charcoal  employed  was  a  mix- 
ture of  spruce,  fir,  and  pine,  and  it  re- 
quired 40  Eng.  cubic  feet  of  this  charcoal 
(about  3,744  lbs.  in  weight)  to  produce  1 
ton  of  cast  iron.  The  total  yield  of  cast 
iron  per  week  from  these  small  furnaces 


was,  on  an  average,  about  16  tons,  the 
ore  producing  about  33  per  cent,  of 
iron. 

"  Titaniferous  magnetite  (Gullaxsund 
mine,  Eger). 

Analysis. 

Iron 38.89  per  cent. 

Oxygen  as  loss 14  84        " 

Protoxide  of  manganese 0  48        " 

Alumina 1.70        " 

Lime 3.55        " 

Magnesia 3.98         " 

Silica 28  10        " 

Titanic  acid • 7  10         " 

Sulphur 0  59         " 

Phosphorus 0.77        " 

100  00  per  cent. 

"  The  amounts  of  phosphorus  and  sul- 
phur in  this  ore  are  so  large  as  to  prevent 
its  being  employed  for  the  production  of 
charcoal  bar  iron,  as  the  trials  sometimes 
made  for  this  purpose  showed  that  the 
bars  obtained  were  extremely  red  short. 
The  abundance  of  the  ore  and  its  conse- 
quent cheapness,  as  well  as  its  proximity 
to  the  smelting  works,  rendered  it,  how- 
ever, of  importance  for  the  production  of 
casting  pig.  The  ore  when  smelted  alone 
was  found  to  be  refractory,  and  not  to 
produce  a  liquid  slag,  but  this  difficulty 
disappeared  when  it  was  smelted  along 
with  other  ores  free  from  titanium." 

Mr.  Henderson,  of  the  late  firm  of  Play- 
er &  Henderson,  makes  the  following 
statement :  "  Ores  are  found  in  Norway 
and  taken  to  England,  having  the  follow- 
ing composition  : 

Sesquioxide  of  iron 22  63  per  cent . 

Protoxide  of  iron 28.96  " 

Protoxide  of  manganese .56  " 

Titanic  acid  40.95  " 

Alumina 2.11  '' 

Magnesia 4. 72  " 

Silica 42  " 

100.35 per  cent. 

"They  are  worked  in  small  furnaces  with 
1,000  deg.  temperature  of  blast  at  Norton, 
on  a  plan  patented  by  John  Player.  The 
charge  is  2  tons  to  2^  tons  of  ore,  15  cwt. 
of  limestone,  and  about  10  cwt.  of  basalt. 
The  iron  becomes  titanized,  and  is  found 
to  be  exceedingly  strong,  and  is  used  in 
Europe  for  armor  plates,  commanding  3 
times  the  price  of  ordinary  pig  iron.  The 
tensile  strength  of  the  resulting  wrought 
iron,  when  puddled,  is  about  52^  tons  to 
the  sq.  in.  There  is  very  little  carbon  in 
the  pig  metal,  and  being  almost  steel,  in 
puddling  it  requires  but  half  the  time  of 
ordinary  pig." 

I  find  in  the  "  Berg  und  Huttenman- 
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nische  Zeitung,"  for  1866,  p.  396,  the  fol- 
lowing : 

"  An  extensive  titanic  iron  (Ilmenite — 
Titanium,  36.44  per  cent.)  at  Sogndal  and 
Egersund,  Norway,  is  being  worked  by  an 
English  company.  Of  this  ore  5  per  cent, 
is  added  in  the  blast  furnace  working,  the 
result  being  a  most  admirable  gray  iron 
for  steel  purposes.  In  1864,  2,500  tons 
were  shipped  to  England." 

The  following  is  also  from  the  same 
journal  for  1868  : 

"Mr.  George  Crawshay,  of  the  firm  of 
Hawk,  Crawshay  &  Sons,  at  Gateshead- 
on-Tyne,  and  John  Thomas,  of  Newcastle- 
on  Tyne,  have  patented  the  following 
mode  of  procedure  in  the  treatment  of 
titaniferous  iron  ores.  By  washing  the 
ores  and  suddenly  cooling  them  in  cold 
water,  the  lumps  are  rendered  friable, 
and  the  titanic  acid  is  in  part  converted 
into  titanic  oxide.  The  charge  consists 
ordinarily  of  1  ton  titanic  ore,  1  ton  pig 
iron,  3  cwt.  raw  or  burnt  clay,  4  cwt.  lime- 
stone, 15  cwt.  fuel.  Charcoal  is  found  to 
give  the  best  results.  The  amount  of  pig 
iron  is  dependent  upon  the  percentage  of 
titanic  acid  in  the  ore." 

Of  all  the  plans  suggested  for  the  treat- 
ment of  this  class  of  ores,  the  one  just 
mentioned  is  the  most  absurd. 

A  leading  article  in  "  Engineering,"  for 
April  1,  1870,  speaks  in  the  highest  terms 
of  Mushet's  "special  steel,"  manufactured 
by  the  "  Titanic  Steel  and  Iron  Co."  of 
Coleford.  For  tool  steel  it  is  claimed  to 
be  superior  to  any  other  known  steel. 
The  peculiarity  of  the  steel  is  that  it  does 
not   require   hardening  in  the    ordinary 


way,  but  only  needs  a  light  cold  hammer- 
ing. The  firm  of  Messrs.  John  Fowler  & 
Co.,  of  the  Steam  Plow  Works,  Leeds, 
use  extensively  tools  made  from  this 
steel. 

In  October,  1870,  it  was  announced 
that  the  works  at  Coleford  were  being 
very  much  enlarged  for  the  production  of 
titanic  steel. 

I  cannot  find  any  account  of  the  meth- 
ods employed. 

I  believe  I  have  given  the  principal  evi- 
dence for  and  against  the  use  of  titanifer- 
ous ores.  That  titanium  has  a  beneficial 
influence  upon  iron  and  steel,  there  seems 
to-be  no  question,  but  why  this  additional 
element  of  strength  is  communicated  is 
not  yet  fully  determined.  In  a  subse- 
quent paper,  I  purpose  giving  the  theo- 
ries that  have  been  advanced.  The  in- 
formation which  I  have  collected  sets  at 
rest  the  question  of  the  employment  of 
ores  containing  any  considerable  percent- 
age of  titanium  alone  in  the  blast  furnace, 
or  even  to  any  considerable  extent.  That 
they  may  be  used  in  conjunction  with 
purer  and  more  fusible  ores  with  benefit 
to  the  iron  produced,  seems  to  be  certain, 
but  sooner  or  later  infusible  salamanders 
will  be  formed  in  the  hearth. 

Menalaus,  of  the  Dowlais  "Works,  in  his 
experiments  with  his  mechanical  pud- 
dling furnace,  found  that  titaniferous  ore 
was  the  only  ore  which  would  stand  as  a 
fettling. 

All  experiments  which  have  been  made 
with  titaniferous  ores  in  the  forge  fires  of 
Lake  Champlain  have  proved  unsuccess- 
ful. 


A  REVIEW  OF   JBEBTHELOT'S  ESSAY  ON  THE  FOECE   OF  GUN- 
POWDER AND   OTHER  EXPLOSIVES. 

By  PRO.  DR.  RUDOLPH  WAGNER. 
Translated  for  the  "Journal  of  Applied  Chemistry"  by  E.  J.  Hallock,  A.  B. 


To  determine  the  explosive  force  of  airy 
substance  four  factors  are  requisite,  viz.: 
a,  the  chemical  composition  of  the  sub- 
stance; b,  the  composition  of  the  products 
of  explosion;  c,  the  amount  of  heat  devel- 
oped by  the  reaction;  d,  the  volume  of 
the  gases  formed. 

The  chemical  composition  of  the  explo- 
sive is  given  at  the  outset.  Sometimes 
this  substance  consists  of  a  number  of 
bodies  which   exert   a  reciprocal    action 


upon  each  other,  as  is  the  case  in  gunpow- 
ders; sometimes  it  is  a  definite  chemical 
compound,  which  is  able  suddenly  to  un- 
dergo a  sort  of  internal  combustion. 
Among  the  latter  are  chloride  of  nitrogen, 
gun-cotton  and  nitroglycerine. 

If  the  explosive  substances  contain 
enough  oxygen  to  form  the  constant  pro- 
ducts of  complete  oxidation,  it  is  easy  to 
see  beforehand  what  will  be  the  composi- 
tion of  the  results  of  explosion.     If,  how- 
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ever,  the  quantity  of  oxygen  is  insufficient, 
the  nature  of  the  products  vary  according 
to  the  pressure,  the  temperature  produc- 
ed, the  mechanical  work  afforded,  etc. 
These  cannot  be  predetermined  with  cer- 
tainty, and  must  be  ascertained  by  a 
special  analysis  for  each  condition  of  the 
reaction.  For  most  explosives  this  is  still 
unsolved.  Until  new  investigations  were 
made,  the  author  adopted  those  results 
which  seemed  to  him  the  simplest  and 
in  harmony  with  previous  experiments. 

The  amount  of  heat  developed  can  be 
determined  by  experiment,  or  it  may  be 
calculated  when  the  reactions  that  take 
place  are  exactly  understood.  The  same 
is  the  case  with  the  volume  of  gases  (re- 
duced to  0  deg.C.  and  760  mm.  pressure). 
If  the  temperature  of  these  gases  is  known 
at  the  instant  of  the  explosion,  and  the 
law  of  pressure  corresponding  to  a  given 
temperature,  the  pressure  produced  may 
be  calculated  as  soon  as  the  explosive  sub- 
stance is  burned  in  a  space  of  constant 
size,  and  consequently  the  pressure  in  a 
space  of  variable  size,  as  is  the  case  in  the 
barrel  of  a  gun.  The  calculation  would 
be  very  easy  if  the  gases  followed  Mar- 
riotte's  and  Guy  Lussac's  laws,  and  the 
specific  heat  was  constant.  Unfortunately 
these  laws  no  longer  hold  true  in  the  case 
of  gases  exposed  to  a  pressure  of  thou- 
s  mds  of  atmospheres,  as  is  the  case  where 
gunpowder  explodes.  Besides  this,  the 
specific  heats  of  such  gases  are  unknown, 
and,  very  probably,  vary  according  to  tem- 
perature and  pressure.  Nevertheless,  in 
practice  very  often  the  pressure  produced 
by  various  explosives  is  of  great  value  to 
us.  On  this  account  the  author,  in  order 
to  be  able  to  compare  the  different  pres- 
sures, adopted  those  formed  by  burning 
equal  weights  of  the  explosives  in  spaces 
of  equal  capacity,  and  took  the  product  of 
the  (corrected)  volume  of  the  gases  and  of 
the  heat  given  out.  This  product,  of 
course,  only  measures  the  pressure  at  the 
beginning,  yet  it  is  obtained  by  means  of 
two  factors  which  may  be  determined  by 
experiment.  Dissociation  must  always  be 
taken  into  account  in  the  reactions  attend- 
ing explosions.  The  decomposing  influence 
of  temperature  may,  possibly,  be  compen- 
sated for  by  the  reverse  influence  of  pres- 
sure. The  dissociation  not  only  affects 
the  maximum  power  the  powder  is  able  to 
exert,  but  it  also  intervenes  during  the 
first  period  of   confinement  of  the  gases. 


Just  in  proportion  as  the  gases  from  the 
powder  expand  and  act  on  the  projectile, 
their  temperature  diminishes;  in  conse- 
quence of  this  their  elements  unite  into 
complexed  compounds,  and  there  is  a 
fresh  developement  of  heat.  The  pressure 
actually  exerted  is,  therefore,  always  great- 
er than  the  pressure  which  can  be  calcu- 
lated from  the  amount  of  heat  developed 
at  the  instant  of  highest  temperature,  but 
less  than  the  pressure  calculated  accord- 
ing to  the  indications  of  the  calorimeter. 
The  amount  of  heat,  and  consequently  the 
maximum  of  work  which  the  powder  can 
produce  by  ignition  in  a  space  of  constant 
size,  may  be  calculated  independent  of  the 
result  of  dissociation,  provided  that  the 
final  temperature  and  the  compound  of 
the  elements  are  correctly  known. 

The  heat  produced  by  the  formation  of 
nitrate  of  potash  (solid) =129, 500  calor- 
ics; nitrate  of  soda  (solid)=122,000  cal- 
orics. 

1.  Rifle  Powder. — The  composition  of 
common  gunpowder  varies  within  very 
narrow  limits.  As  a  rule,  it  is  divided  into 
rifle  powder,  army  and  blasting  powder. 
The  first  of  these  consists  of  81.9  saltpetre, 
10.9  sulphur,  and  7.9  pure  charcoal.  The 
decomposition  may  be  represented  by  the 
following  equation:  8KO,  N06+6S-f-13C 
=5KO,S03+2KO,C02+KS+8N+llC02. 

According  to  this  equation,  which  agrees 
quite  nearly  with  several  analyses,  one 
kilogram  of  powder  gives,  on  burning, 
664,000  calorics,  and  forms  216  litres  of 
permanent  gases.  The  product  of  these 
two  numbers  is  139,000.  In  this  formula, 
however,  the  volatilization  of  the  salts  is 
neglected.  If  Rumford  is  correct  in  sup- 
posing all  the  compounds  to  be  gaseous 
for  the  first  instant,  then  the  volume  in- 
creases to  306  litres. 

Gun  Powder  (composed  of  78.7  salt- 
petre, 12.85  sulphur,  and  8.55  charcoal) 
gives  the  following  results  when  burned: 
8KO,  NO3+6£S+15C=4KO,SO,+2fK0, 
C024-UKS2+8N-}-lliC02+tCO.  _ 

According  to  this  equation,  one  kilogram 
of  powder  produces  622,500  calorics  and 
255  litres  of  permanent  gases.  The  total 
volatilization  of  all  compounds  amounts  to 
314  litres. 

Blasting  Powder  (consisting  of  65  salt- 
petre, 20  sulphur,  and  15  charcoal)  forms 
the  following:  KO,N05-f  2S+4C=2C02+ 
2CO-fKS2+N.  One  kilogram  of  this  pow- 
der produces  380,000  calorics,  and  forms 
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355  litres  of  gas,  and  supposing  the  volatil- 
ization of  all  the  compounds,  426  litres. 
If  a  blasting  powder  contains  an  excess  of 
charcoal,  and  in  100  parts  has  64.5  of  salt- 
petre, 10.5  sulphur,  and  24.0  carbon,  far 
more  gas  is  produced  than  in  other  blast- 
ing powders,  KO,NOe-f  S-j-6C=«CO+ 
KS-(-N.  One  kilogram  generates  429,- 
400  calorics,  and  forms  510  litres  of  gases; 
with  complete  volatilization,  583  litres. 

The  numbers  presented  furnish  interest- 
ing comparisons  between  the  effects  that 
are  produced  by  the  different  kinds  of 
powder.  Supposing  a  powder  burned  in 
a  space  which  it  entirely  fills,  as  is  the  case 
with  a  blasting  charge  or  a  gun  load,  the 
phenomenon  of  dislocation  resulting  chief- 
ly from  the  pressure  at  the  beginning  can 
be  readily  distinguished  from  the  phenom- 
ena of  projection  resulting  from  the  total 
work.  The  characteristic  products,  which, 
for  a  comparison  of  the  pressure  exerted, 
were  supposed  to  be  under  the  same  con- 
ditions, gives  the  following  values: 

Rifle  powder 139.000 

Gun  powder 140,000 

Blasting  powder 135,000 

Blasting  powder  with  excess  of  charcoal  219,000 

The  first  three  give  about  the  same  dis- 
locating effects,  while  the  powder  with  an 
excess  of  charcoal  is  by  far  more  active. 
Yet  all  these  explanations  are  secondary 
to  that  of  dissociation,  by  which  the  theo- 
retical initial  force  is  diminished  in  an  un- 
known ratio.  The  calculation  of  the  heat 
generated  in  a  constant  volume,  and  con- 
sequently of  the  maximum  work,  are  total- 
ly independent  of  dissociation.  The  max- 
imum of  work  is  proportional  to  the  fol- 
lowing numbers  (for  one  kilogram  of  pow- 
der): 

Rifle  powder 614,000  X  425 

Army  powder 622,000  X  425 

Blasting  powder 380,000  X  425 

Blasting  do.  with  excess  of  charcoal.  429, 000  X  425 

In  other  words,  hunting  and  army  pow- 
der are  far  ahead  of  other  kinds  in  regard 
to  mechanical  work,  namely,  when  this 
work  is  limited  to  the  power  of  communi- 
cating continual  living  force  to  a  projectile 
by  means  of  an  internal  pressure.  If,  on 
the  contrary,  the  living  force  is  communi- 
cated gradually  during  the  expansion  of 
the  gases,  as,  for  example,  in  a  gun,  the 
effects  are  more  complicated,  because  here 
come  into  play  the  phenomena  of  dissocia- 
tion, which  we  are  unable  to  follow. 

4.  Powder  made  with  soda  saltpetre.— This 


powder  is  largely  employed  on  the  Isth- 
mus of  Suez,  and  is  more  economical.  Un- 
fortunately soda  saltpetre  is  very  hygros- 
copic, and  the  preservation  of  powder 
made  with  it  is  quite  difficult.  As  the 
author  says,  it  is  very  desirable  to  remove 
these  difficulties,  because  this  powder  ex- 
erts a  greater  pressure  than  ordinary  pow- 
der, and  is  able  to  perform  more  work.  If 
a  powder  is  prepared  corresponding  to  the 
hunting  powder  above  mentioned,  the  pro- 
ducts of  combustion  are  the  following: 
8Na0.NO5+6S+13C=5NaO,SOs+2NaO, 
C02+NaS+8N+llC02. 

A  given  quantity  of  this  powder  pro- 
duces nearly  the  same  amount  of  heat  as 
the  same  quantity  of  potash  powder,  viz. : 
one  kilogram  gives  769,000  calorics  and 
252  litres  of  gases;  by  complete  volatiliza- 
tion, 358  litres.  These  figures  are  only  one- 
fifth  greater  than  those  calculated  for  an 
equal  weight  of  potash  powder. 

5.  Chlorate  of  Potash  Powder,  consisting 
of  75  chlorate  potash,  12.5  sulphur,  and 
12.5  charcoal,  is  extremely  explosive  and 
grinding,  and  its  manufacture  is  attended 
with  great  danger.  Its  composition  cor- 
responds to  the  following  equation: 
3(KO,CI06  )+4S+10C=3KCl+4SO,-fl0 
CO. 

One  kilogram  of  this  powder  produces 
972,000  calorics  and  318  litres  of  gas;  by 
complete  volatilization,  386  litres.  The 
product  is  309,000.  This  value  is  far  high- 
er than  the  corresponding  one  with  nitrate 
powder.  The  chlorate  powder  at  the 
same  time  produces  dislocation  and  pro- 
jectile effects  far  surpassing  those  obtain- 
ed by  nitrate  powder.  The  unusual  ease 
with  which  the  chlorate  powder  explodes 
on  the  slightest  jar  is  a  result  of  the  great 
amount  of  heat  developed  by  the  burning 
of  the  least  particle  first  ignited;  this  heat 
raises  the  temperature  of  the  neighboring 
particles  as  well  in  chlorate  powder  as  in 
nitrate  powder,  and  the  reaction  spreads 
much  easier  through  the  whole  mass.  The 
influence  is  just  so  much  the  more  prom- 
inent the  less  the  specific  heat  of  the  com- 
ponents, and  the  reaction  begins  in  the 
chlorate  at  a  lower  temperature  than  in 
the  nitrate.  All  these  combine  to  ignite 
the  chlorate  powder.  The  chlorate  pow- 
der is  not  only  more  powerful  and  more 
readily  explosive,  but  its  action  is  far  more 
rapid.  It  is,  in  a  word,  grinding  powder. 
Theory  is  able  to  account  for  this  proper- 
ty. The  compounds  produced  by  the  com- 
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bustion  of  chlorate  powder  are  binary, 
and  the  simplest  and  most  stable  of  all, 
such  as  chloride  of  potassium,  carbonic 
oxide,  and  sulphurous  acid.  These  com- 
pounds do  not  suffer  less  marked  dissocia- 
tion nor  at  higher  temperatures  than  more 
complicated  compounds,  like  sulphate  or 
carbonate  of  potash,  or  even  carbonic  acid, 
all  of  which  are  formed  by  the  combustion 
of  powder  containing  nitrates. 

6.  Chloride  of  Nitrogen,  as  is  well  known, 
explodes  by  splitting  up  into  its  elements 
NC13=N+*3C1.  One  grain  of  chloride  of 
nitrogen  gives  316  calorics  and  370  litres 
of  gas;  the  product,  117,000,  i.  e.,  a  little 
less  than  common  powder. 

7.  Nitroglycerine. — The  decomposition 
of  this  may  be  represented  by  the  following 
formula:  C6H6(N04)306=6C02-f5HO+3N 
-\-0.  Nitroglycerine  contains  more  oxy- 
gen than  is  necessary  for  the  complete 
combustion  of  its  elements.  Sometimes 
this  oxygen  goes  to  form  nitric  oxide. 
One  kilogram  of  nitroglycerine  furnishes 
710  litres  of  gas;  one  litre  nitroglycerine 
(in  consequence  of  its  high  specific  grav- 
ity of  1.6)  gives  1,135  litres.  By  equal 
weights  nitroglycerine  gives  three  and  one- 
half  times  more  gas  than  nitrate  powder, 
and  twice  as  much  as  chlorate  powder.  An 
equal  volume  produces  six  times  as  much 
gas  as  nitrate  powder.  The  heat  genera- 
ted by  the  combustion  of  one  kilogram  of 
nitroglycerine  can  be  reckoned  at  1,282 
000  calorics,  and  for  one  litre  at  2,051,000. 
The  product  is  910,000,  or  seven  times 
that  of  nitrate  powder.  For  equal  volumes 
nitroglycerine  exerts  a  pressure  ten  times 
as  great  as  common  powder;  the  work 
may  rise  to  900  millimetre  kilograms,  con- 
sequently three  times  the  value  of  the  max- 
imum work  that  powder  can  afford. 
Practically  these  enormous  figures  are  pro- 
bably never  reached,  chiefly  in  conse- 
quence of  dissociation,  but  it  is  only  ne- 
cessary to  approach  them  in  order  to  com- 
prehend how  much  more  powerful  nitro- 
glycerine is  than  any  other  explosive  used 
in  the  arts.  The  shattei-ing  of  wrought 
iron,  an  effect  that  gunpowder  is  not  able 
to  produce,  proves  the  tremendous  initial 
pressure  exerted  by  nitroglycerine. 

If  nitroglycerine  is  also  grinding,  it 
splits  off  rocks  without  shattering  them  in 
small  pieces.  This  property  may  also  be 
explained  by  dissociation;  the  elements 
of  water  and  carbonic  acid  at  first  separ- 
ate, whereby  the  initial  pressure  is  less- 
ened; the  formation  of  water  and  carbonic 


acid  which  takes  place  during  the  expan- 
sion produces  a  fresh  quantity  of  water, 
which  regulates  the  removal  of  the  pres- 
sure. Nitroglycerine  acts,  therefore,  during 
the  expansion  of  the  gases,  like  ordinary 
powder,  still  with  nitroglycerine  the  action 
of  dissociation  is  weaker,  because  the 
compounds  produced  are  more  simple  and 
the  initial  pressure  weaker. 

In  order  to  avoid  the  horrible  actions 
following  the  jar  of  the  liquid  nitroglycer- 
ine, Nobel  prefers  dynamite.  This  pre- 
paration is,  in  fact,  less  grinding  than  ni- 
troglycerine, because  the  heat  developed 
is  divided  between  the  products  of  explo- 
sion and  the  inert  substance.  The  tem- 
perature does  not  rise  so  high,  and  conse- 
quently the  initial  pressure  is  weaker. 

Instead  of  the  intensity  of  the  action  of 
nitroglycerine  being  lessened,  it  may  be 
increased  by  the  addition  of  certain  sub- 
stances. The  explosion,  as  above  stated, 
leaves  one  equivalent  of  oxygen  to  be  dis- 
posed of.  This  oxygen  may  be  used  to 
burn  a  smal]  quantity  of  some  combustible 
substance,  for  example,  by  the  addition  of 
4  per  cent,  of  sulphur,  2  per  cent,  of  al- 
cohol, or  1  per  cent,  of  a  hydrocarbon.  In 
this  way  the  amount  of  heat  may  be  in- 
creased about  10  per  cent,  without  essen- 
tially changing  the  volume  of  gas. 

8.  Gun-Cotton. — Unlike  nitroglycerine, 
this  preparation  does  not  contain  oxygen 
enough  for  the  complete  combustion  of 
the  elements.  For  this  reason  the  pro- 
ducts are  of  a  very  complicated  kind,  un- 
less saltpetre  or  chlorate  of  potash  be  add- 
ed to  simplify  the  reaction.  The  author 
discusses  the  quite  varying  vie ws  of  author- 
ities, and  selects  the  following  equation  to 
express  the  reactions  that  take  place  when 
gun-cotton  burns:  2C24H10O10(NO6H),=7 
Co04+12a,Oo  -f  2C2H4  +H+  3C2NH-{-9H2 
02+5N02+2N. 

These  products  by  no  means  correspond 
to  a  total  combustion,  since  there  is  a  de- 
ficiency of  oxygen.  Therefore  they  vary 
according  to  the  conditions  under  which 
the  explosion  takes  place — temperature, 
pressure,  mechanical  effect,  etc.  One  kil- 
ogram of  gun-cotton  produces  801  litres  of 
gas  and  about  700,000  calorics,  conse- 
quently a  little  more  than  ordinary  pow- 
der, but  far  less  than  nitroglycerine.  The 
product  is  560,000. 

In  order  to  attain  the  maximum  effects, 
theory,  in  accord  with  the  latest  experi- 
ments, requires  that  it  be  compressed  so 
as  to  reduce    it  to  the   smallest  possible 
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volume.  In  this  way  the  initial  pressure 
is  increased.  To  produce  complete  com- 
bustion of  gun-cotton  an  oxidizing  body 
may  be  added,  for  instance,  saltpetre  (54 
gun-cotton  to  46  salpetre).  A  mixture  of 
this  kind  corresponds  to  the  following 
equation:  C,4H10OI0(NO8H)-f  4|KO,NOS  = 
4fKO,C02+19?C02+15HO+9fN.  One 
kilogram  of  this  mixture  produces  484 
litres  of  gas,  and  supposing  complete  com- 
bustion, 534  litres.  The  heat  generated, 
1.018,000  calorics.  The  product=492,000. 

Theory  attributes  no  special  advantage 
to  the  addition  of  saltpetre  to  gun-cotton, 
and  in  practice  it  would  be  very  inconve- 
nient, and  we  should  be  compelled  to  be 
saving  of  gun-cotton.  Experiments  in- 
stituted with  a  mixture  of  gun-cotton  and 
saltpetre  conform  tolerably  to  these  views. 
An  addition  of  chlorate  of  potash  is  more 
powerful,  for  though  such  a  mixture  yields 
the  same  quantity  of  gas,  yet  it  develops 
a  far  greater  quantity  of  heat,  viz. :  1,446,- 
000  calorics. 

9.  Picrate  of  Potash  (pure  or  mixed). 
Pure  picrate  of  potash,  under  the  influence 
of  quite  a  high  heat,  explodes  with  vio- 
lence, but  the  quantity  of  oxygen  is  by  no 
means  sufficient  to  produce  complete  com- 
bustion, hence  the  necessity  of  mixing  it 
with  saltpetre  or  chlorate' of  potash.  The 
fearful  power  of  this  mixture,  called  Bo- 
beuf  powder,  Designolle's  powder,  and 
fountain  powder,  is  well  known. 

The  products  of  pure  picrate  of  potash 
are  not  yet  well  enough  known.  Our 
author  accepts  the  following  equation:  C12 
H2K(NO03O2=KO,CO2-fH2O2+9CO+N3 
+2C. 

These  products  vary  according  to  the 
circumstances  under  which  the  explosion 
takes  place,  as  is  the  case  in  all  mixtures 
where  there  is  an  insufficient  supply  of 
oxygen.  According  to  the  above  equation 
one  kilogram  of  picrate  of  potash  pro- 
duces 585  litres  of  gas,  and  supposing  the 
carbonate  of  potash  to  be  entirely  convert- 
ed into  vapor,  627  litres.  The  heat  pro- 
duced may  be  called  872,000  calorics.  The 
product  =510,000.  These  numbers  are  in- 
termediate, those  obtained  by  genera- 
tion and  those  obtained  by  a  mixture 
of  gun-cotton  with  saltpetre,  and  do  not 
differ  much  from  those  of  chlorate  of  pot- 
ash powder  to  which  charcoal  and  sulphur 
are  added,  but  they  are  far  greater  than 
those  of  ordinary  powder.  A  mixture  of 
50  per  cent,  picrate  of  potash  and  50  per 


cent,  saltpetre  gives  C12H,K(NO,)A+2f 
KO,N05=3f  KO,C02  -f  8f  C02  -fHO,  -J-5 1 
N.  One  kilogram  of  this  powder  yields 
337  litres  gas,  or,  supposing  complete  vol- 
atilization, 413  litres.  The  heat  developed 
is  957,000  calorics. 

Finally,  a  mixture  of  50  per  cent,  pi- 
crate of  potash  and  50  per  cent,  chlorate  of 
potash  gives  C1,H2K(N04),02+2-^KO,C103 
=K0,C02+2^KC1+11C024-H202-|-3N. 

The  volume  of  permanent  gases  is  al- 
most identical  with  that  obtained  from  the 
preceding  mixture,  but  the  heat  generated 
is  far  more  considerable,  being  about  1,- 
405,000  calorics.  These  values  are  much 
greater  than  those  obtained  from  all  other 
explosives,  and  are  exceeded  only  by  nitro- 
glycerine. The  great  preference  given  to 
this  new  powder  in  practice  is  perfectly 
in  accord  with  theory. 

Heretofore  the  power  and  mechanical 
energy  of  different  explosives  was  only  as- 
certained empirically  by  comparing  exper- 
iments. Berthelot  is  the  first  who  has  at- 
tempted to  form  comparisons  theoretically. 
As  shown,  the  theoretical  deductions  ac- 
cord in  general  with  experiment.  Hence 
we  may  use  them  as  starting  points,  either 
to  obtain  the  maximum  effect  of  substances 
already  known  or  to  discover  new  explo- 
sive compounds,  whose  properties  may  be 
determined  beforehand. 

The  following  table  contains  the  numer- 
ical results  given  in  the  treatise  before  us: 
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ACCOUNT  OF  EXPERIMENTS  UPON  THE  MECHANICAL  EF- 
FICIENCY OF  DIFFERENT  FORMS  OF  PULLEY-BLOCK* 

By  ROBERT  STAWELL  BALL,  A.  M,  M.  R.  I.  A. 


If  a  load  R  be  raised  by  a  pulley-block 
on  the  application  of  the  power  P,  the  fol- 
lowing relation  subsists  between  P  and 
R:— 

P  =  o  +  6E. 

a  and  b  are  constant  qualities  to  be  deter- 
mined by  experiment  for  each  form  of 
pulley-block. 

A  series  of  loads  Rl5  R2,  R3,  etc.,  are 
raised  by  the  corresponding  powers  P1} 
P2,  P3,  etc.;  and  we  have 

P,  =a  +  6R1 

P2  =  a+6R2 
P3  =  a+6R3 
etc.  =  etc. 

From  these  equations  a,  b  are  to  be  de- 
termined in  the  well-known  manner.  (See 
Appendix  to  "  Ball's  Experimental  Mecha- 
nics.") 

If  n  be  the  number  of  feet  through 
which  the  power  must  be  exerted  in  order 
to  raise  the  load  one  foot,  n  is  the  velocity 
ratio. 

The  mechanical  efficiency  e  is  found  by 
dividing  the  load  by  the  corresponding 
power. 

If  there  were  no  friction,  n  and  e  would 
be  equal. 

In  the  differential  pulley  examined  in 
Table  III.  n  =  16,  this  is  found  by  trial: 
to  determine  e,  we  have : — 


If 


P  =  3.87  + 0.1508  R. 

R  =  280,  P  =  46.09. 

280 


46.  UU 


=  6.07. 


To  raise  280  lbs.  1  foot  46.09  lbs.  must 
be  exerted  over  16  ft.  Thus  737.4  units 
of  work  are  required;  of  this  amount  only 
280,  that  is,  38  per  cent,  is  expended  use- 
fully. 

The  differential  pulley  does  not  over- 
run; why  is  this  ? 

To  raise  R  one  foot,  n  P  units  of  work 
are  required,  of  which  nP-B  are  ex- 
pended upon  friction.  Let  P  be  removed. 
The  friction  is  not  diminished  in  a  greater 
ratio  than  that  of  R  to  P  -\~  R.  Hence 
the  number  of  units  of  work  necessary  to 

*  Transactions  of  the  Royal  S-'Ciety  of  Dublin. 


overcome  friction  in  the  descent  is  not  less 
than 

(nP-R    E 


P  +  R 

If  this  be  }■  R,  or  if  P  }■ 


2R 


n-l 


2R 


the  block  cannot  overrun.  It  is  easily 
verified  that  this  condition  is  always  satis- 
fied in  the  differential  pulley.  . 

On  the  other  hand  if  R  \  n2  -  RorP  \ 

the  block  will  overrun. 

This  is  the  case  with  the  three-sheave 
block  of  Table  II. 

These  results  may  be  thus  stated.     If  e 

n— 2 
\  ——the  blocks  will  not  overrun  ;  if  e  \- 

—  the  block  will  overrun. 

2 

The  tables  are  constructed  on  a  uni- 
form plan.  In  the  first  column  are  found 
the  numbers  of  the  experiments.  The 
second  contains  the  loads  raised.  The 
third  gives  the  corresponding  observed 
value  of  the  power.  The  fourth  gives  the 
value  of  the  power  calculated  from  the 
formula.  The  fifth  gives  the  difference 
between  the  calculated  and  observed 
values  as  a  means  of  judging  of  the  cor- 
rectness of  the  formula  employed. 

Table  I. — Single  Movable  Pulley. 
Movable  pulley  of  east  iron  3  25  in.  diameter,  groove 
0.6  in.  wide,  wrouglit-iron  axle  0  6  in.  diameter;  fixed 
pulley  of  cast,  iron  5  in  diameter,  groove  0.4  in,  wide 
wrought-iron  axle,  0  6  in.  diameter,  axles  oiled;  flexi'ole 
plaited  rope  0.25  in.  diameter;  velocity  ratio  2,  me- 
chanical efficiency  1.8,  useful  effect  90  per  cent.;  for- 
mula, P  =  2  21+ 0.5453  E. 
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Table  II . — Three-Sheave  Pulley-  Blocks. 
Sheaves  east  iron,  2.5  in.  diameter  ;  plaited  rope  0.25 
in.  diameter  ;  velocity  ratio  6  ;  mechanical  advantage  4  ; 
useful  effect  67  per  cent;  formula  P  =  2  36  +  0.238  R. 
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Table  III.  —  The  Differential  Pulley -Block 
Circumference   of  large  groove  11 .84  in ,   of  small 
groove  10 .  36  in. ;  velocity  ratio  16;  mechanical  efficiencj' 
6.07  ;  useful  effect  38  per  cent.  ;  formula  P  =  3.87  + 
0  1508  R. 
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Table  IV '  ,—Epicycloidal  Pulley- Block. 
Size  adapted  for  lifting  weights  up  to  5  cvvt.;  velocity 
ratio  12  5  ;  mechanical  efficiency  5 ;  useful  effect  40  per 
cent.;  formula,  P  =5.8+0.185  R. 
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Table  V. — Moore's  Patent  Pulley- Block. 

Size  adapted  for  lifting  10  cwt.  ;  velocity  ratio  31  6  ; 
mechanical  efficiency  10.4;  percentage  of  useful  effect 
30;  formula,  P  =  3.0  +  0.0805  R. 
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Table  VI. — Moore  and  Read's  Patent  Hand-hoist. 

Velocity  ratio  5.16;  mechanical  efficiency  4.2  ;  per- 
centage of  useful  effect  81 ;  formula,  P  =  0.6  +  0  232 
R. 
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The  manufacture  of  hoop  iron  is  fast 
getting  to  be  a  specialty,  limited  to 
those  who  make  no  other  kind  of  iron, 
roll  trains  being  adapted  to  speed  and 
constructed  with  a  view  solely  to  this 
purpose.  The  rolls  are  turned  so  that 
the  iron  can  be  rapidly  reduced  and 
greater  quantity  produced  with  better 
finish,  while  very  strict  attention  is  given 
to  the  selection  of  metals  for  mixture. 


The  New  Fortifications  at  Strasbubg. — 
Strasburg,  according  to  German  jour- 
nals, is  to  be  surrounded  b}T  a  girdle  of  18 
forts,  at  an  average  distance  of  about  1 
G-erman  mile  from  the  enceinte  of  the  town. 
Five  of  those  forts  to  the  north-west  of 
the  city  will  be  first  built.  Their  con- 
struction has  been  undertaken  by  various 
companies  of  contractors,  and  are  to  be 
completed  by  the  1st  April,  1875. 
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THE  MANUEACTUBE  AND  WEAB  OF  KAILS  * 


By  CHRISTER  PETER  SANDBERG. 


In  these  times,  when  communication  is 
carried  on  chiefly  by  means  of  railways, 
it  becomes  important  to  determine  the 
best  mode  of  manufacturing  railway  bars, 
so  as  to  obtain  the  greatest  amount  of 
wear  with  the  least  possible  cost.  As  this 
question  is  one  of  increasing  interest;  the 
author  has  thought  that  it  might  be  pro- 
fitable to  communicate  to  the  members  of 
the  Institution  of  Civil  Engineers  the  ex- 
perience which  he  has  gained  during  the 
last  nine  or  ten  years,  whilst  engaged  in 
superintending  the  supply  of  rails  for  the 
Governments  of  Sweden,  Norway,  and 
Denmark. 

The  paper  will  treat,  first,  of  the  best 
method  of  manufacturing  rails  out  of 
common  iron,  and  of  their  capacity  to 
resist  wear;  secondly,  of  the  disposal  of 
the  iron  rails  when  they  are  worn  out; 
and  thirdly,  of  the  conditions  under  which 
either  iron  and  steel,  or  a  combination  of 
both,  may  be  the  most  economical  mate- 
rial for  the  construction  of  rails. 

The  mode  of  manufacturing  rails  for 
the  Swedish  railways,  as  carried  out  in 
Wales,  between  the  years  1856  and  1860, 
consisted  in  hammering  the  pile  for  the 
top  slab  after  the  first  welding  heat,  and 
in  rolling  it  after  the  second  heat.  It 
was  supposed  that  hammering  would  pro- 
duce a  superior  weld  and  a  harder  wear- 
ing surface  than  could  be  obtained  by 
rolling  alone.  This  method  of  hammer- 
ing was,  however,  gradually  superseded 
by  that  of  rolling  at  other  works  in  Wales, 
during  the  period  referred  to.  As  the 
operation  of  hammering  the  slab  after  the 
first  welding  heat  entailed  an  additional 
charge  of  20s.  per  ton,  it  became  the  duty 
of  the  Swedish  Government  to  determine, 
by  practical  trials,  whether  the  value  of 
the  finished  rail  was  correspondingly  in- 
creased. With  this  view,  several  experi- 
mental rails  were  rolled,  and  arrange- 
ments were  made  for  putting  them  down 
on  some  of  the  English  lines,  in  such 
situations  as  would  expose  them  to  severe 
wear.  The  expeiiments  further  aimed  at 
discovering,  if  possible,  how  long  the  rails 
manufactured  at  the  Cwm  Avon  Works, 
in  South  Wales,  and  imported  into  Swe- 


*  From  a  paper  read  before  the  Institution  of  Civil  Engineers. 


den,  would  resist  the  traffic  in  that  coun- 
try. 

Five  different  kinds  of  "  piles"  were  em- 
ployed; twenty  rails,  of  a  flange  section, 
4^  in.  deep,  and  weighing  62  lbs.  per 
yard,  being  rolled  of  each  particular  sort. 

The  mode  of  manufacture  was  as  fol- 
lows: 

The  rails  subsequently  noticed  in  this 
paper  as  those  marked  T  were  made  from 
a  pile  formed  of  No.  2,  or  welded  iron,  for 
the  top  and  bottom,  the  rest  of  the  pile 
being  of  No.  1  puddled  bar  iron.  The 
top  slab  and  the  squares  next  to  it  were 
made  from  a  hammered  bloom  of  ordi- 
nary puddled  bars,  and  the  remainder  was 
filled  in  at  the  middle  with  crop  ends  from 
top  slabs,  and  with  other  pieces  of  No.  2 
iron. 

The  rails  marked  y  were  made  from  a 
pile  of  the  same  composition  as  that  of 
the  T  rails,  with  the  sole  difference  that 
the  pile  for  the  top  slab  consisted  of  pud- 
dled bars,  without  any  welded  iron  pieces 
or  crop  ends  being  introduced  in  the 
middle  of  the  pile. 

The  pile  for  the  rails  marked  H  was 
composed  of  a  top  slab  made  from  pud- 
dled bars,  hammered  after  the  first  heat, 
and  rolled  after  the  second  heat,  similar 
to  the  rails  marked  y,  the  iron  for  the 
flange  consisting  of  four  pieces  instead  of 
eight. 

The  pile  for  the  rails  marked  E  was 
exactly  similar  to  that  for  the  rails  marked 
H,  excepting  only  that  the  pile  for  the 
top  slabs  was  rolled  after  the  first  heat, 
as  well  as  after  the  second  heat.  This 
difference  in  the  mode  of  manufacture 
was  adopted  in  order  to  discover  whether 
the  process  of  hammering  when  applied 
to  this  common  iron  improved  the  rail  to 
a  corresponding  extent.  Instead  of  No. 
2  iron,  puddled  bars  were  chiefly  used  for 
the  squares  near  the  slab,  and  for  the  foot 
of  the  rail. 

The  pile  for  the  rails  marked  N  con- 
sisted of  puddled  bars,  without  any  tup 
slab. 

All  the  piles  passed  through  the  rolling 
successfully,  with  the  exception  of  the  N 
rails,  some  of  which  showed  cracks,  owing 
to  the  inferior  quality  of  the  puddled 
bar. 
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The  London  and  North  Western  Rail- 
way Company,  being  interested  in  the 
solution  of  this  problem,  allowed  experi- 
ments to  be  made  on  their  line,  so  far  as 
the  wear  of  these  experimental  rails  was 
concerned.  The  experiments  were  car- 
ried out  at  Camden  Town  Station,  where 
the  rails  could  be  sooner  and  more  thor- 
oughly tried  than  elsewhere;  first,  on 
account  of  the  enormous  traffic  which 
obtains  at  that  spot;  secondly,  from  the 
constant  shunting;  and,  thirdly,  owing  to 
the  grinding  action  of  the  engine  wheels 
in  starting  the  trains. 

The  result  of  these  experiments  is 
shown  in  a  series  of  tables,  drawn  up  by 
Mr.  H.  Woodhouse,  Superintendent  of 
Permanent  Way. 

The  following  table,  deduced  from  Mr. 
Woodhouse's  report,  shows  the  number 
of  tons  passed  over  each  kind  of  ex- 
perimental   rail   before    it   was  crushed, 


and  also 
out. 


before   the    rails    were    taken 


Mark  of  Rail. 

Crushed. 

Worn    out. 

T 

Y 

H 

E     

Tons. 

3,680,000 
4,140,000 
3,220,000 
6,90",000 
3,220,000 

Tons. 
5,060,000 
5,290.000 
5  06 ',000 
8,970,000 

N 

5.520,000 

Another  table,  calculated  from  the  pre- 
ceding one,  shows  how  long  the  rails  will 
last,  supposing  them  to  be  passed  over  by 
three  thousand  trains  yearly,  each  train 
being  composed  of  an  engine  weighing  30 
tons,  and  of  20  wagons  of  10  tons  each,  or 
a  gross  load  of  230  tons. 

From  these  tables,  it  was  ascertained 
that  the  five  different  descriptions  of  rails 
were  on  the  average  crushed  in  6  years, 
and  worn  out  in  9  years,  tbus : 


T 

Y 

H 

E 

N 

Crushed. 

Worn  out. 

Crushed. 

Years. 
6 

Worn  out 

Crushed. 

Worn  out. 

Crushed.    Worn  out. 

Crushed. 

Worn  out. 

Years. 
5 

Years. 

7 

Years. 

7 

Years. 
5 

Years. 
7 

Years. 
10 

Years. 
13 

Years 
5 

Years. 
8 

As  the  object  of  these  experiments  was 
chiefly  to  ascertain  the  difference  between 
a  rolled  and  hammered  slab,  both  made 
from  inferior  iron  (E  representing  the 
former,  and  H  the  latter),  these  two  kinds 
of  rails  were  placed  on  the  same  line  so  as 
to  compare  their  relative  merits  ;  and  the 
result  shows  the  E  rail,  with  the  rolled 
slab,  to  be  superior  at  each  of  the  8  places 
where  the  rails  were  tested. 

The  conclusion  thus  arrived  at  is,  that 
hammering  after  the  first  welding  heat, 
for  this  particular  kind  of  iron,  does  not 
improve  the  enduring  quality  of  the  rails; 
but  that  rolling,  which  is-  the  simplest 
mode  of  manufacture,  has  also  the  mate- 
rial advantage  of  being  the  best.  These 
trials  at  the  same  time  establish  the  fact, 
that  it  is  not  the  wear  or  the  diminished 
sectional  area  caused  by  abrasion,  which 
produces  the  unsatisfactory  results  in  the 
endurance  of  iron  rails,  but  that  it  is  the 
lamination  caused  by  imperfect  welding, 
and  discovered  by  the  repeated  blows  of 
the  wheels  in  travelling  at  high  speed. 
This  explains  the  great  difference  some- 


times exhibited  in  the  wear  of  rails  made 
in  exactly  the  same  way,  but  the  welding 
in  the  one  case  being  perfect,  whilst  in  the 
other  it  has  been  very  imperfect. 

The  results  obtained  at  the  Camden 
Town  Station,  however,  are  not  applicable 
to  the  circumstances  and  conditions  of 
the  wear  of  rails  under  ordinary  traffic  ; 
but  rather  to  exceptional  situations,  where 
the  wear  is  occasioned  principally  by  the 
frequent  use  of  the  brakes,  and  by  con- 
tinual shunting,  in  a  much  higher  degree 
than  at  any  other  point  of  the  line.  These 
results  may  also  be  attributed  in  part  to 
the  great  weight  of  the  locomotives,  in 
proportion  to  the  weight  of  this  particular 
section  of  rail. 

Rails  of  similar  quality  of  iron  to  those 
marked  E,  have  been  tried  on  the  Great 
Northern  Railway,  and  have  lasted  during 
the  passage  of  about  65,000  trains,  of  a 
total  aggregate  weight  of  13,000,000  tons, 
one-fourth  part  of  this  traffic  being  at  a 
speed  of  about  40  English  miles  per  hour, 
and  the  remaining  three-fourths  at  15  miles 
per  hour. 
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These  experiments  on  the  Great  North- 
ern Railway  confirm  the  rule  laid  down  in 
Mr.  R.  Price  Williams's  paper,  "On  the 
Maintenance  of  Permanent  Way,"  *  viz., 
that  the  endurance  of  rails  may  be  meas- 
ured by  the  product  of  the  speed  and  the 
passing  weight.  The  trial-rails  on  the 
Great  Northern  Railway  may  thus  be  said 
to  have  borne  276,000,000  tons  at  a 
speed  of  1  mile  per  hour.  On  the  other 
hand,  the  Author's  experiments  at  Cam- 
den Town,  being  made  under  unusual 
conditions  of  wear,  do  not  bear  out  this 
rule  ;  the  endurance  of  these  rails  being 
represented  by  only  120,000,000  tons  at  a 
speed  of  1  mile  per  hour. 

Another  method  of  arriving  at  an  opin- 
ion as  to  the  endurance  of  these  rails  may 
be  found  in  the  renewals  which  have  been 
made  on  the  Swedish  State  lines  where 
these  rails  have  been  laid  down.  The 
present  experience  extends  over  a  period 
of  9  years  on  portions  of  the  most  severe- 
ly-worked lines,  namely,  at  Gottenburg 
and  Malm 6  ;  and  also  during  a  period  of 
6  years  over  the  whole  system.  The  re- 
newals on  the  main  lines  have  been  in  an 
increasing  proportion,  being  in  one  case 
30  or  40  per  cent,  higher  than  in  the  pre- 
ceding year;  and  a  mean  calculation  gives 
the  probable  result  that,  taking  the  last 
renewals  of  the  rails  laid  down  on  the 
construction  of  the  lines  at  about  18  years 
from  the  commencement,  the  average  life 
of  the  rails  may  be  taken  at  15  years. 

The  weight  which  would  pass  over  the 
rails  during  these  15  years,  judging  from 
the  reports  contained  in  the  annual  ac- 
counts of  the  Swedish  Government  Rail- 
way Administration  as  to  the  traffic-re- 
turns of  all  the  State  lines  during  the  years 
1862  to  1865,  may  be  assumed  to  be  a 
yearly  increase,  in  the  gross  load,  of  only 
15  per  cent,  per  mile,  after  the  year  1865. 
The  yearly  increase,  however,  of  trans- 
ported goods,  on  the  lines  nearest  Gotten- 
burg since  1862,  has  amounted  to  30  per 
cent.,  and  near  Malmo  to  18  per  cent. 
Further,  supposing  the  same  proportion 
to  exist  between  the  gross  and  the  net 
loads  for  the  year  1865,  it  may  be  taken 
at  about  6,000,000  tons — a  quantity  which 
agrees  with  the  results  obtained  on  the 
English  lines,  giving  for  the  life  of  the  best 
of  the  3  first  sorts  of  rails,  the  same  aver- 
age life  as  that  of  the  E  rails.  This  appa- 

*  Vide  Minutes  of  Proceedings  Inst.  C.  E.,  vol.  xxv.,  p.  353. 


rently  tends  to  confirm  the  correctness  of 
the  theory,  that  the  life  of  rails  may  be 
measured  by  the  product  of  the  weight  and 
the  speed. 

The  rails  used  on  tbe  Swedish  lines  are 
mostly  of  the  E  or  rolled  class  before  men- 
tioned. Those  tried  on  the  Great  Northern 
Railway  were  also  of  that  kind  of  manufac- 
ture, but  of  a  heavier  section.  The  speed  at 
which  the  load  was  carried  over  the  experi- 
mental rails  on  the  Great  Northern  Rail- 
way was  much  higher  than  on  the  Swedish 
lines,  being  in  the  proportion  of  20  miles 
on  the  Great  Northern,  to  16  miles  average 
speed  on  the  Swedish  railways. 

The  conclusions  which  the  Author  has 
arrived  at  are,  that  no  rule  can  be  laid 
down  for  the  manufacture  of  rails  which 
will  be  applicable  to  every  manufacturing 
district;  but  that  in  the  case  of  Welsh  iron, 
to  which  he  has  more  particularly  referred, 
it  has  been  proved  that  the  best  method 
of  manufacturing  the  rail  is  that  now  most 
commonly  practised,  viz.,  rolling  the  iron 
into  bars,  piling  them,  and  then  repeatedly 
rolling  the  pile  to  the  finished  rail,  without 
hammering.  The  Author  assumes  that  the 
prejudicial  results  from  hammering  is 
owing  to  the  amount  of  sulphur  present 
in  the  Welsh  iron.  Where  the  iron  con- 
tains more  phosphorus,  and  less  sulphur, 
as,  for  instance,  in  the  Cleveland,  Belgian, 
and  French  iron-districts,  hammering  has 
proved  beneficial,  and  top  slabs  have  been 
made  direct  from  puddled  balls,  with- 
out the  intermediate  process  of  piling — 
this  being,  in  fact,  the  method  generally 
adopted  in  those  places,  and  being  found 
to  answer  best. 

These  experiments  seem  to  indicate 
that  220,000,000  tons  may  be  carried 
over  rails,  of  the  section  and  make  refer- 
red to,  at  a  speed  of  1  mile  per  hour  ;  so 
that  any  railway  company,  knowing  the 
load  which  passes  annually  over  their  line 
and  the  speed  of  the  trains,  may,  by  mul- 
tiplying the  one  into  the  other,  and  divid- 
ing 220,000,000  by  this  product,  ascertain 
the  life  of  iron  rails  in  years. 

With  respect  to  the  disposal  of  the  rails 
when  worn  out,  and  to  the  possibility  of 
re-rolling  old  rails  with  advantage  by  rail- 
way companies  located  at  a  distance  from 
rail-making  districts,  the  author  thinks 
that  for  railways  near  the  seat  of  rail 
manufacture,  their  best  course  will  be  to 
continue  to  dispose  of  the  old  rails  to  the 
rail  mills  ;  but  for  other  countries,  situa- 


THE    MANUFACTURE    AND    WEAR    OF    RAILS. 


79 


ted  like  Sweden,  Russia,  and  America,  it 
becomes  important  to  ascertain  whether 
it  would  not  be  more  advantageous  to  re- 
roll  them  on  the  spot. 

The  increasing  traffic,  and  the  augment- 
ed speed  of  trains,  together  with  the 
heavier  engines  now  found  desirable,  have 
all  a  tendency  to  induce  more  severe  wear, 
and  to  render  necessary  more  frequent 
renewals  of  the  rails.  These  renewals  are 
executed  with  more  and  more  difficulty, 
as  the  greater  number  of  trains  limits  the 
time  at  disposal,  whilst  the  stoppage  of 
the  traffic  thus  occasioned  often  results  in 
accidents.  These  considerations,  together 
with  the  recurring  expenses  of  renewals, 
have  conduced  to  the  employment  of  steel, 
which,  as  a  more  durable  material  for  rails, 
is  already  much  used.  This  material  has 
been  employed  either  for  the  entire  rail, 
or  for  the  upper  portion  only,  the  steel 
top  in  the  latter  case  being  welded  on  to 
an  iron  rail. 

In  the  case  of  rails  with  steel-tops, 
either  the  head  has  been  entirely  formed 
of  steel,  or  the  upper  surface  only  has 
been  covered  with  a  thinner  or  thicker 
top  slab,  giving,  say  \  in.  of  thickness  in 
the  rail.  The  top  slab  has  been  different- 
ly applied  to  the  rail  according  to  the  dif- 
ferent methods  used  for  forming  the  pile ; 
so  that  it  has  either  lain  flat  over  the 
wearing  part  of  the  rail  head,  or  has 
spanned  the  mass  of  iron  with  its  exterior 
edges,  thus  fixing  the  steel  without  refer- 
ence to  the  weld  ; — it  has,  in  fact,  been 
partly  mechanically  fastened  to  it. 

The  use  of  steel  rails  has  much  increas- 
ed in  England,  and  many  railway  com- 
panies are  introducing  them  as  rapidly  as 
their  financial  circumstances  will  allow. 

The  existence  of  a  cheap  raw  material, 
in  the  shape  of  old  rails,  and  the  process 
of  re-rolling  them  together  with  Bessemer 
steel-tops,  affords  an  opening  for  carrying 
out  the  manufacture  of  rails  profitably  for 
railway  companies  far  removed  from  the 
seat  of  manufacture  even  when  exposed 
to  foreign  competition.  If  such  re-rolling 
were  carried  out  in  Sweden,  instead  of 
selling  the  worn-out  iron  rails  in  England, 
the  expense  of  freight  to  and  fro  would 
be  saved;  and  this  may  be  reckoned  at  £2 
per  ton.  The  necessary  cost  of  coal  would 
not  increase  the  price  of  rails  more  than 
about  10s.  per  ton  for  re-rolling  rails  in 
Sweden. 

The  question  is  thus  reduced  to  an  in- 


quiry, whether  the  increased  cost  of 
manufacture  due  to  the  smallness  of  the 
quantity  to  be  made,  would  amount  to, 
or  exceed,  the  remaining  part  of  the  dif- 
ference of  the  freight,  viz.,  £1  10s.  per  ton. 
If  so,  it  would  then  be  useless  to  attempt 
the  establishment  of  a  manufacture  of 
rails,  either  by  private  capitalists  or  by 
the  Government  in  connection  with  other 
workshops  for  the  repair  and  renewal  of 
railway  materials  of  different  kinds,  such 
as  engines,  axles,  wheels,  etc. 

An  estimate  has  been  made  of  the  cost 
of  manufacturing  rails  in  Sweden,  com- 
posed of  Swedish  Bessemer  steel  for  the 
head,  No.  2  iron  for  the  flange,  or  foot, 
and  with  the  remainder  of  the  pile  com- 
posed of  old  iron  rails.  The  rails  are  of 
the  Vignoles  section,  weighing  66  lbs.  per 
yard. 

From  these  calculations  it  is  shown  : — 

1st.  That  according  to  Plan  A,  with  the 
whole  head  of  Bessemer  steel,  the  cost  per 
ton  on  an  annual  make  of  10,000  tons  is 
£8  12s.  Id. ;  and,  2dly,  according  to  Plan 
B,  with  the  top  or  wearing  surface  of  the 
rail  only  of  Bessemer  steel,  the  cost  per 
ton  on  an  annual  make  of  6,000  tons  is 
£8  6s.  8"d. 

It  therefore  follows  that  the  difference 
between  these  amounts  and  £10,  the  low- 
est price  at  which  such  rails  can  at  pres- 
ent be  imported  into  Sweden  from  Eng- 
land, viz.,  £1  7s.  lid.  by  Plan  A,  and  £1 
13s.  4d.  by  Plan  B,  respectively  represents 
the  net  profit  to  be  derived  from  the 
transfer  of  re-rolling  operations  to  Swe- 
den. In  other  words,  providing  this  cal- 
culation is  not  too  low,  this  represents  in 
the  first  case  16  per  cent.,  and.  in  the  se- 
cond case  about  20  per  cent.,  of  the  whole 
cost  of  production. 

In  England,  the  London  and  North 
Western  and  the  Great  Western  Railway 
Companies  are  re-rolling  the  worn-out 
rails  at  their  own  workshops,  where  the 
repairs  of  other  railway  materials  are  also 
executed,  and  at  both  these  places  Besse- 
mer steel  has  been  used  for  the  head  of 
the  rails.  The  other  English  Railway 
Companies  are  selling  their  worn-out  rails, 
as  there  is  sufficient  competition  to  pre- 
vent them  being  sold  below  their  value. 

There  is  only  one  railway  company  in 
France  which  has  works  for  re-rolling  the 
worn-out  rails;  and  in  Belgium  and  Prus- 
sia there  are  none,  the  rails  being  sold  to 
the   private   rail-mills   in  the   respective 
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countries,  and  being  used  in   connection 
with  other  iron  for  rail-manufacture. 

In  Austria,  the  State  railways  are  car- 
rying out  the  re-rolling  of  rails  at  their 
own  workshops  at  Gratz,  while  the  making 
of  axles  and  tyres  is  performed  at  the  State 
workshop  at  Neuberg. 

In  Russia,  the  rolling  of  the  rails  is  ex- 
ecuted at  a  workshop  near  St.  Petersburg, 
altered  for  the  purpose  by  a  private  com- 
pany. The  side  irons  and  top  slabs  are 
usually  of  English  manufacture,  but  some- 
times the  top  slabs  are  made  at  home  from 
serap  iron.  Euglish  fuel  is  used.  The 
Petersburg  and  Moscow  Railway  receive 
in  exchange  for  their  old  rails  three- 
quarters  of  the  weight  in  new  rails,  and 
pay  a  certain  sum,  according  to  the  specifi- 
cation, for  each  weight  of  rails  received. 
By  the  other  great  Russian  railway  the 
old  rails  were  at  first  sent  to  England;  but 
for  some  time  a  private  iron-work  near  St. 
Petersburg,  called  Ugareff,  has  carried  on 
the  re-rolling,  on  the  following  conditions: 
— The  railway  company  finds  1  ton  of  old 
rails,  and  receives  1  ton  of  new  rails,  and 
pays  £7  14s.  per  ton,  but  has  then  a 
guarantee  for  five  years. 

Having  cited  the  case  of  Swedish  rail- 
ways, to  show  how  far  the  process  of  re- 
rolling  old  rails  may  be  profitably  carried 
out,  similar  considerations  may  be  apphed 
to  other  railways  in  like  circumstances,  as 
in  the  British  colonies  and  in  the  coun- 
tries round  the  Mediterranean.  The  special 
conditions  being  different  in  each  instance, 
it  becomes  difficult,  if  not  impossible,  to 
give  an  example  that  would  suit  every 
case.  The  principle  laid  down  may,  how- 
ever, be  useful  as  a  guide  as  to  what  is  to 
be  done  with  the  rails  when  worn  out. 

Passing  to  the  third  subject  proposed 
for  discussion  in  this  Paper,  the  Author 
will  endeavor  to  determine  under  what 
conditions  it  becomes  most  economical  to 
employ  either  iron  or  sttel,  or  a  combina- 
tion of  these  two  materials,  in  the  con- 
struction of  rails. 

In  the  following  calculation  it  is  assum- 
ed that,  under  a  very  heavy  traffic,  com- 
mon iron  rails  will  last  5  years,  steel- 
headed  rails  15  years,  and  solid  steel  rails 
30  years;  that  the  iron  rails  cost  £7  per 
ton,  steel-headed  rails  £10  per  ton,  and 
solid  steel  rails  £15  per  ton ;  and  that  the 
old  steel-headed  and  iron  rails  are  valued 
at  £4  per  ton,  and  the  old  solid  steel  at 
£8  per  ton.     With  a  rail  section  of  84  lbs. 


per  yard,  250  tons  of  rails  will  be  required 
for  1  mile  of  double  line,  and  the  cost  of 
laying  the  rails  may  be  estimated  at  £1 
per  ton.  The  following  example  on  iron 
rails  lasting  5  years,  will  serve  to  explain 
the  way  in  which  the  subsequent  Annuity 
Tables  have  been  calculated:* 

£      s.    d. 

250  tons,  at  £7  per  ton 1,750    0    0 

Cost  of  laying  down 250    0    0 

£2,000    0    0 

Which  sum,  at  the  end  of  5  years,  at  5 
per  cent,  compound  interest,  becomes  £2,- 
552.  The  difference  between  this  sum  (viz., 
£2,552)  and  the  value  of  the  old  rails  (250 
tons,  at  £4  per  ton=£l,000)  is  £1,552. 
On  referring  to  the  Appendix  (p.  22),  it 
will  be  found,  by  the  use  of  Table  No.  2, 
that  the  annuity  required  to  recoup  this 
latter  sum  in  5  years  is  £280. 

Annuity  Table  No.  1. 

For  one  English  mile  of  double  line,  interest  being 
reckoned  at  5  per  cent.,  and  steel -headed  rails  being  cal- 
culated to  last  three  times  and  solid  steel  rails  six  times 
as  long  as  ordinary  iron  rails — 


The  Annuity  would  he  for 

Where  Iron 

Rails  last 

Iron  Rails. 

Steel-headed  Rails 

Solid  Steel  Rails. 

Years. 

£ 

£ 

£ 

2 

587 

395 

325 

3 

417 

307 

271 

4 

332 

247 

245 

5 

280 

218 

230 

10 

179 

163 

205 

15 

134 

148 

405 

20 

130 

140 

200 

It  may  be  objected  that  the  prices  quot- 
ed for  solid  steel  rails  in  the  foregoing 
calculations  are  too  high.  Rails  of  this 
kind  have  lately  been  sold  in  some  dis- 
tricts as  low  as  £12  per  ton,f  but  for  the 
very  best  quality  of  rails,  such  as  those  on 
which  the  experiments  were  made,  the 
price  was  £15  per  ton  at  the  time  they 
were  manufactured.  Table  No.  2  has, 
therefore,  been  calculated  for  the  different 
kinds  and  periods  at  the  following  prices, 
viz.,  iron  rails  at  £6,  steel-headed  rails  at 
£9,  and  solid  steel  rails  at  £12  per  ton, 
crediting  the  old  iron  and  steel-headed 
rails  at  £3  per  ton,  and  the  solid  steel 
rails  at  £5  per  ton. 

*  It  should  here  be  remarked  that  the  Author  uses  the  term 
"  annuity"  to  denote  that  amount  of  capital  which,  put  out 
annually  at  compound  interest  at  a  certain  rate,  would  in  a 
given  time  accumulate  to  a  given  amount. 

t  March.  1868. 
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Annuity  Table  No.  2, 


The  Annuitj'  would  be  for 

Whore  Iron 

Rails  last 

Iron  Rails. 

Steel-headed  Rails 

Solid  Steel  Rails. 

Years. 

£ 

£ 

£ 

2 

574 

382 

288 

3 

404 

283 

233 

4 

319 

234 

230 

5 

268 

206 

174 

10 

166 

149 

168 

15 

133 

136 

163 

20 

117 

126 

150 

This  Table  shows  that  solid  steel  rails 
are  the  cheapest  up  to  10  years'  wear  of 
iron  rails  ;  that  steel-headed  rails  are 
cheapest  for  between  10  and  20  years;  and 
that  iron  rails  are  cheapest  when  they  last 
20  years  or  more. 

The  amount  of  traffic  must,  therefore, 
decide  which  material  it  is  the  most  eco- 
nomical to  use  for  the  maintenance  of  the 
permanent  way.  For  all  railways  where 
ordinary  iron  rails  are  worn  out  in  5  years, 
or  in  a  shorter  time,  solid  steel  rails  are 
the  most  economical,  even  at  the  price 
quoted  in  Table  No.  1;  but  where  ordina- 
ry iron  rails  last  over  10  and  up  to  15 
years,  steel-headed  rails  would  be  the 
cheapest;  iron  rails  in  these  cases  being 
clearly  proved  to  be  the  most  expensive,  al- 
though the  cheapest  where  they  last  from 
15  to  20  years  and  upwards. 

As  these  calculations  are  founded  on  the 
short  experience  gained  up  to  the  present 
time,  in  reference  to  the  relative  endurance 
of  the  different  kinds  of  rails,  a  still  longer 
trial  is  desirable. 

The  foregoing  Tables  refer  to  rails 
of  the  Vignoles  section.     Table  No.  3  has 

Annuity  Table  No.  3. 


Che  Annuity  wouk 

he  for 

Where  Iron 

Rails  last 

Iron  Rails. 

Steel-headed  Rails 

Solid  Steel  Rails. 

Years . 

,£ 

£ 

£ 

2 

780 

379 

296 

3 

551 

291 

249 

4 

436 

244 

228 

0 

366 

233 

219 

10 

229 

177 

199 

15 

183 

166 

20 

163 

162 

.... 

been  calculated  for  the  ordinary  double- 
headed  rail,  according  to  the  prices  stated, 
Vol.  VII. —No.  1— S 


the  considerations  being  the  same  as  in 
Table  No.  2,  except  that  the  chairs  have 
been  taken  into  account.  Allowance  has 
been  made  for  140  tons  of  new  chairs  per 
mile,  at  £5  per  ton,  credit  being  given  for 
the  value  of  the  old  chairs  at  £2  10s.  per 
ton.  It  may  be  observed  that  steel  head- 
ed rails  are  here  estimated  to  last  4  times, 
and  solid  steel  rails  8  times,  as  long  as 
ordinary  iron  rails,  that  is,  making  allow- 
ance for  the  use  of  both  faces  of  each  rail. 
This  Table  indicates  that  the  iron  rails 
are  in  no  instance  the  cheapest;  but  that, 
on  the  contrary,  when  iron  rails  last  only 
up  to  5  years,  solid  steel  rails  have  the  ad- 
vantage; and  when  the  iron  rails  have  a 
longer  duration,  then  steel-headed  rails 
are  the  most  economical. 

The  experience  of  the  durability  of  the 
steel-headed  rail  and  of  the  solid  steel 
rail  may  not  agree  with  individual  cases 
of  failure,  where,  in  consequence  of  defec- 
tive welding,  the  steel  head  has  come  off, 
or  where  the  solid  steel  rail  has  broken. 
At  the  same  time,  it  must  be  admitted  that 
the  process  of  steel  making,  and  of  weld- 
ing the  steel  slab  to  the  rail,  is,  at  present, 
in  its  infancy,  so  that  great  progress  may 
yet  be  expected.  The  principle  ought  not 
to  be  condemned  on  account  of  individual 
failures. 

It  is  to  be  hoped  that  Railway  Compan- 
ies having  a  heavy  traffic  will  give  due  at- 
tention to  the  relative  merits  of  the  dif- 
ferent sorts  of  rails,  and  submit  them  to 
trials  on  a  large  scale;  and,  on  the  other 
hand,  that  the  steel  works  will  strenuously 
endeavor  to  manufacture  solid  steel,  as 
well  as  steel-headed  rails,  of  the  best  kind 
for  the  purpose,  so  that  this  important 
question  may  soon  be  decided. 

Before  concluding,  another  subject  must 
be  taken  into  consideration,  viz.,  the  man- 
ner in  which  the  safety  of  the  permanent 
way  constructed  of  the  three  different 
kinds  of  rail  is  affected  b}'  high  speeds, 
severe  climate,  etc. 

This  subject  seems  of  late  to  have  en- 
gaged the  attention  of  the  railway  world, 
and  has  been  discussed,  not  only  in  Eng- 
land, but  on  the  Continent.  The  Swed- 
ish Government,  having  undertaken  the 
construction  of  railways,  appointed  a  Com- 
mittee, composed  of  many  eminent  men. 
to  consider  the  subject.  This  Committee 
found  it  necessary  to  make  experiments 
with  different  materials  from  England  and 
Germany  as  well  as  from  Sweden;  and, 
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after  5  years'  consideration  and  study,  the 
report  has  just  been  published  by  Profes- 
sor Styffe,  the  Director  of  the  Royal  Tech- 
nological Institute  at  Stockholm. 

From  this  report,  it  appears  that  the 
extensibility  and  tensile  strength  of  differ- 
ent materials  are  influenced  by  the  amount 
of  carbon  which  they  contain. 

The  Extensibility  influenced  by  Cakbon. 


Description  of  Materials. 


Swedish  Bessemer  steel  and 

Uchatius  steel 

For  cast  steel   

Bessemer  steel  or  iron 

Iron  from  lake  ores  (rich  in 

phosphorus) 

Iron  from  Dudley  (rich  in 

slag  and  phosphorus) .... 
Iron   from   Middlesbro'-on- 

Tees , 

Puddled  iron  from  Sweden 

and  Low  Moor.  .......... 

Swedish  iron  made  in  the 

"Lancashire  hearth". . . . 


Carhon 
per  Cent. 


l.Sotol.O 
0.69  "0.61 
0.42  "  0.33 
Spec.  Gray. 


7.5 

7.65 

7.77  to  7 

7.84 


Extension 
per  Cent. 


0.3 
1.2 
1.9 


toO  9 
"21 
"4  0 


0.8 

2.5 
3.4 
6.1 


;3.4 
4  2 

'5.9 
9.5 


The  Tensile  Steength  influenced  by  Carbon. 


Description  of  Materials. 


Swedish  charcoal  middled 
iron '... . 

Swedish  charcoal  puddled 
iron 

Swedish  Bessemer  steel. . . 


Bessemer  iron, 
puddled  iron. . 


Carbon 
per  Cent. 


0.8 

0.7 

0.8 

0  55 

0.50 

0.20 

0  70 

0.70 

0.6 

0.6 

0.5 

0.7 


Breaking  Load 

in  H  is. 
per  Sq.  Inch. 


113,381 

84,265 
90,921 
86,941 
71.090 
48,102 
83,441 
83,716 
73,492 
82,344 
78,432 
86,049 


These  Tables  show  that  the  hardest 
material  has  the  greatest  tensile  strength, 
but  that  it  has  the  least  ductility;  while, 
on  the  other  hand,  a  softer  material  shows 
a  greater  amount  of  extension. 

The  limit  for  the  amount  of  carbon 
seems  to  be  for  the  Bessemer  material  1.2 
to  1.5  per  cent.  "With  a  larger  amount, 
the  tensile  strength,  as  well  as  the  exten- 
sibility, hasToeen  found  to  decrease.  When 
.the  amount  of  .carbon  does  not  exceed  0.4 
per  cent.,  and  the  material  is  not  worked 
at  too  low  a  heat,  the  elongation  seems  to 
be  16  per  cent.,  or  the  same  as  for  puddled 


iron  from  the  same  pig  iron ;  and,  as  such 
Bessemer  material  is  not  only  much 
stronger,  but  also  more  solid  or  homoge- 
neous than  the  puddled  material,  it  de- 
serves a  decided  preference  for  all  railway 
purposes.  The  few  cases  of  failures  of 
rails  by  breaking  may  be  accounted  for 
as  the  result  of  too  hard  a  material,  not 
perfectly  manufactured;  having  been  made 
at  the  earlier  period  of  the  introduction 
of  the  process.  The  experience  which 
has  now  been  gained  should  certainly  pre- 
vent any  recurrence  of  such  exceptional 
cases. 

Experiments  on  the  tensile  strength  of 
iron  and  steel  under  the  influence  of  ex- 
treme temperatui*es  (as  at  212  deg.  and 
—40  deg.  Fahr.),  have  led  Mr.  Styffe  to  the 
conclusion  (contrary  to  the  general  belief) 
that  the  tensile  strength  is  greater  during 
cold  than  under  ordinary  temperatures; 
that  is,  iron  or  steel  is  stronger  in  winter 
than  in  summer.  The  reason  why  more 
breakages  occur  in  winter  than  in  summer 
is  asserted  to  be  due  to  the  extreme  cold 
rendering  the  ballast  and  sleepers  rigid; 
and,  therefore,  elasticity  given  to  the  roll- 
ing stock,  in  any  way,  favorably  affects 
the  resistance  of  the  rails. 

If,  however,  the  supports  have  the  same 
elasticity  in  summer  as  in  winter,  as  would 
be  the  case,  for  instance,  with  a  granite 
rock,  Mr.  Styffe  asserts  that  the  same  rails, 
either  of  iron  or  of  steel,  can  resist  a  heavier 
blow  from  a  falling  ball  at  an  extremely 
low  temperature  than  on  a  hot  summer's 
day.  Although  the  experiments  have  been 
conducted  with  the  utmost  care  and  skill 
that  science  and  money  can  afford,  it 
seems  to  the  Author  desirable  that  this 
theory  should  be  examined  on  a  larger 
scale  than  Mr.  Styffe  has  had  an  opportu- 
nity of  doing  before  it  can  be  relied 
upon.* 

At  a  meeting  of  Engineers  at  Stock- 
holm in  March,  1867,  it  was  decided  that 
Bessemer  steel  rails,  made  from  charcoal 
pig  iron,  might,  without  risk,  be  used  10 
per  cent,    lighter  than   the  English  iron 


*  Since  this  Paper  was  read,  the  Author  has  had  the  oppor- 
tunity of  conducting  some  experiments  on  iron  rails,  in 
Sweden,  by  exposing  them  at  different  temperatures  to  the 
impact  of  a  falling  ball ;  and  the  results  of  these  experiments 
show  that,  on  an  average,  the  strength  of  a  rail  in  winter  is 
not  more  than  one-fourth  of  the  strength  exhibited  by  the 
same  bar  in  summer.  The  Author  has  given  an  account  of 
these  investigations  in  an  Appendix  to  the  following  work  : — 
"The  Elasticity,  Extensibility,  and  Tensile  Strength  of  Iron 
and  Steel."  By  Knut  Styffe,"  translated  from  the  Swedish, 
with  an  original  Appendix,  by  Christer  P.  Sandberg;  with  a 
Preface  by  John  Percy,  M.  D.,  F.  E.  S.     London,  1869. 
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rails;  and  in  Austria  this  decision  has  al- 
ready been  acted  upon  with  success  by 
the  Engineer-in- Chief,  Wohler. 

It  must,  however,  be  observed,  that  the 
raw  material  used  in  both  cases  is  char- 
coal pig  iron  of  a  superior  quality  as  com- 
pared with  that  used  in  England  for 
making  Bessemer  rails,  which  may  be 
seen  from  the  following  analyses  made  by 
two  eminent  chemists. 


Bessemer  Swedish  Pig  Iron,  English  Bessemer  hrematite 


Fagersta  Works. 
Analyzed  byKohlben 


Pis 


Iron,  Analyzed  by 
John  Percy. 


Per  Cent.  Per  Cent. 

Graphite 2.733   Carbon 2.993 

Combined  carbon .. .  2.138    Silicon 3.080 

Silicon 0 .  641   Manganese 0  079 

Manganese 2  926    Sulphur 0. 021 

Sulphur    0  015   Phosphorus 0. 021 

Phosphorus 0.026] 


These  analyses  show  that  the  great  dif- 
ference between  the  two  kinds  of  iron  is 
the  larger  percentage  of  silicon  in  the 
English,  and  of  manganese  in  the  Swedish 
pig  iron  ;  thus  explaining  why  the  one 
gives  a  better  result  than  the  other,  al- 
though worked  entirely  without  the  ad- 
dition of  spiegeleisen. 

If  there  be  only  0.6  per  cent,  of  carbon 
in  the  solid  steel,  and  0.3  per  cent,  in 
the  steel  for  the  steel  head,  the  safety 
ought  to  be  the  same  for  all  the  three 
kinds  ;  and  this  would  not  influence  the 
former  calculations  as  to  which  is  the 
best  and  most  economical  material  for 
rails. 

Having  watched  the  development  of  the 
Bessemer  process  in  England,  as  well  as 
on  the  Continent,  the  Author  believes  that 
in  that  process  a  good  and  pure  raw  ma- 
terial has  a  greater  advantage  over  an  in- 
ferior one  than  in  other  processes  ;  and 
that  a  superior  product  cannot  be  obtain- 
ed from  an  inferior  raw  material  by  that 
method  any  more  than  by  others.  Indeed, 
a  purer  raw  material  is  needed  for  the 
Bessemer  process,  as  the  phosphorus  is 
not  eliminated  by  that  method  of  treat- 
ment as  it  is  by  puddling.  In  having 
mentioned  Swedish  material,  as  an  exam- 
ple, it  must  not  be  supposed  that  it  is 
wished  to  advocate  the  use  of  Swedish 
iron  in  this  country,  but  simply  to  draw 
attention  to  the  better  material;  as  equal- 
ly good  charcoal  iron  can  be  supplied 
from   Canada   and   India,    both   English 


colonies.  It  may  also  be  remarked,  that 
the  Author's  endeavor  has  been  to  arrive 
at  the  truth  irrespective  of  prejudice, 
and  that  he  has  no  wish  to  be  deemed  an 
advocate  for  one  kind  of  rail  more  than 
another. 

Mr.  Sandberg  said,  that  when  this  sub- 
ject was  brought  before  the  Institution 
two  years  ago  by  Mr.  R.  Price  Williams, 
few  railway  companies  had  adopted  steel 
rails  ;  but  that  now  nearly  all  lines  used 
them  to  some  extent.  He  thought  con- 
clusions had  hitherto  been  formed  with- 
out sufficient  experience  ;  but  he  hoped 
the  statements  of  permanent-way  engi- 
neers would  supplement  the  deficiencies 
of  his  paper.  Continental  railways,  as 
yet,  afforded  very  little  experience  ;  and 
it  would  be  for  England  to  show  what  had 
to  be  done  in  this  important  engineering 
question.  On  the  Swedish  lines  steel 
rails  were  being  adopted,  though  the 
traffic  was  comparatively  light. 

A  simple  way  of  ascertaining  that  the 
steel  employed  was  sufficiently  tough  for 
rails,  was  to  bore  a  hole  in  the  bottom 
plate  of  the  ingot  mould  2  in.  in  diameter 
at  the  top,  If  in.  in  diameter  at  the  bot- 
tom, and  2  in.  deep ;  the  piece  projecting 
from  the  lower  end  of  the  ingot  was  bro- 
ken off  when  cold,  and  having  been  heat- 
ed to  a  red  heat,  was  flattened  into  a  cake 
or  plate  such  as  he  then  exhibited.  When 
cold  it  was  doubled  up  under  a  hammer, 
and  its  toughness  under  this  treatment 
decided  its  suitability  as  a  steel  for  rail- 
way purposes.  Afterwards  it  was  sent  to 
the  laboratory,  and  the  carbon  determined 
by  the  Eggertz  process.  The  percentage 
of  carbon  and  its  registered  number  were 
then  marked  on  each  piece  for  further 
reference.  If  under  the  bending  test  the 
cake  broke  short,  the  ingot  from  which  it 
was  taken  could  be  used  for  making 
springs,  etc.,  which  required  harder  ma- 
terial. 

He  had  been  furnished  with  some  par- 
ticulars respecting  the  use  of  steel  rails  on 
the  London  and  North  Western  Railway, 
from  which  it  appeared  that  steel  rails 
were  laid  down  at  Camden  Town,  in  May, 
1862,  in  seven  different  places,  and  one 
pair  of  rails  put  down  in  January,  1S63. 
They  were  laid  so  as  to  form  one  side  of  a 
single  line  of  rails,  the  opposite  side  being 
composed  of  ordinary  rron  rails  laid  down 
to  test  their  comparative  wearing  quali- 
ties. 
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Table  No.  2. 
Showing  the  Life  of  the  Experimental  Ralls  expressed  in  Time. 
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Crushed. 
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Crushed. 
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8 

The  effect  of  wear   upon  the  ordinary 
iron   rails   was    shown   in   the   following 


statement  drawn  up  by  Mr.  TVoodhouse, 
the  Engineer  of  the  Permanent  Way  : 


1  The  1st  face  of  5  steel  rails  was  wearing  as  compared  with  the  2d  face  of  5  iron  rails. 


4 
5 

u 

12 

" 

6 

cc 

5 

u 

2 

" 

0 

(( 

0 

(( 

1 

" 

1(« 

)" 

3d      ' 

'      4 

4  di    ' 

5 

5  th    ' 

12 

6th    " 

6 

7th    ' 

5 

8  th    ' 

'      2 

9th    ' 
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11th    ' 

1 

15th    ' 

in  August.  1865,  when 
the  opposite  steel  rail  was  removed. 
"  1  (b.)  was  wearing  the  23d  face  in  March,  1867,  when  the  opposito  steel  rail  was 

accidentally  broken,  and  was  taken  out. 

"(a.)  The  steel  rail  removed  in  August,  1  1867,  was  not  broken  by  fair  wear  and 
1865,  was  taken  up  to  enable  Mr.  Besse-  j  tear,  but  in  consequence  of  some  vehicles 
mer  to  read  a  paper  on  it  at  the  meeting  !  getting  off*  the  road  and  causing  damage, 
of  the  British  Association.  "At  the    time  of   the   removal  of  the 

"(6.)  The  steel  rail  removed  in  March,    above-mentioned    steel    rails  they   were 
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wearing  thin,  and  were  bruised  on  the 
outer  edge.  The  latter  of  the  two  rails 
was  reduced  in  height  by  about  T5-gths  of 
an  inch."  * 

All  the  48  steel  rails  remaining  in  the 
road  were  still  in  good  condition,  and 
none  of  them  had  yet  been  turned.  They 
were  still  wearing  satisfactorily. 

If  the  number  of  worn-out  iron  rails  in 
each  case  cited  in  the  previous  table  were 
summed  up,  it  would  be  found  to  amount 
to  a  total  of  315,  while  the  number  of 
steel  rails  wearing  on  the  opposite  side, 
but  in  good  condition,  amounted  to  50. 
So  far,  therefore,  as  the  experiments  had 
proceeded,  each  steel  rail  was  found  to 
have  worn  out,  on  an  average,  6  iron  rails; 
and  on  these  data  the  annuity  tables  had 
been  calculated. 

Mr.  Edward  Williams  said  there  seemed 
to  him  some  danger  of  false  conclusions 
as  to  the  cause  of  the  superiority  of  rails 
made  by  the  Bessemer  process.  These 
rails  would  wear  well,  not  so  much  be- 
cause they  were  made  of  steel,  as  that 
they  were  rolled  from  solid  ingots. 

Rails,  however  carefully  made  by  the 
old  process,  being  built  up,  were,  of  course, 
more  likely  to  laminate  than  those  which 
were  made  from  ingots  which  had  no  lay- 
ers in  them.  He  was  convinced  that  the 
question  of  good  or  bad  iron  rails  was 
simply  a  question  of  welding,  and  that 
the  quality  of  the  iron  was  comparatively 
of  little  or  no  importance,  except  so  far  as 
one  description  of  iron  welded  more  easi- 
ly than  another,  and  that  the  kind  of  iron 
that  welded  most  easily  would  make  the 
best  built-up  rail,  because  there  was  the 
least  chance  of  imperfect  welds.  A  rail 
made  from  an  ingot  would  be  better  than 
a  built-up  rail,  but  wdiether,  price  being 
taken  into  account,  it  might  not,  in  many 
cases,  be  economical  to  use  piled  rails, 
was  another  question.  He  was  inclined 
to  think  it  would  be  so. 

With  regard  to  putting  a  steel  top  on 
an  iron  rail,  it  was  open  to  the  objection 
that  steel  could  not,  with  certainty,  be 
welded  on  to  iron,  and  there  would  be 
danger  of  the  steel  head  coming  off  under 
heavy  work. 

He  thought  that  what  were  usually 
called  the  best  iron  rails — rails  for  which 
an  extra  price  was  paid,  and  which  were 
carefully  Avatched  during  their  manufac- 
ture— were  really  the  worst  rails,  for  the 
reason  that  the  iron  composing  them  had 


to  be  worked  over  and  over  again,  and 
after  each  working  it  welded  with  greater 
difficulty  than  before.  No  kind  of  iron 
welded  so  easily  as  puddled  bars,  and  the 
nearer  the  wrought  iron  was  to  cast  iron, 
the  better  rail  it  would  make.  If  it  were 
possible  to  make  a  rail  direct  from  a  pud- 
dled ball,  it  would  probably  make  the 
best  iron  rail  that  could  be  produced,  but, 
up  to  the  present  time,  it  had  not  been 
found  possible.  The  system  adopted  in 
the  north  of  England  was,  he  believed, 
the  best  for  producing  really  serviceable 
iron  rails.  A  puddled  ball,  a  rough,  spongy 
sphere  of  about  15  to  18  in.  in  diameter, 
was  put  under  a  hammer  and  received  a 
few  blows  to  flatten  it.  Another  ball  was 
put  on  the  top  of  it,  and  it  was  served  in 
the  same  way  ;  the  mass  was  then  ham- 
mered into  a  rectangular  slab  about  10  in. 
or  11  in.  wide,  and  about  2|  in.  thick. 
Two  or  three  such  flat  slabs  were  then 
put  together  in  a  furnace,  raised  to  a 
welding  heat,  rehammered,  and  rolled 
into  the  slab  to  form  the  head  of  the  rail 
to  be  produced.  This  system  gave  just 
as  much  work  as  was  necessary  to  insure 
soundness  of  the  slab  without  overworking 
it.  He  had  no  doubt  that  this  mode  of 
working  was  much  better  than  roughing 
down  from  piles  composed  of  thin  pud- 
died  bars.  Indeed,  long  experience  had 
proved  to  him  that,  whatever  system  was 
adopted,  it  depended  upon  the  capacity 
of  the  iron  for  welding,  and  the  giving  it 
a  proper  heat,  whether  or  not  the  rail 
produced  would  wear  a  long  or  a  short 
time. 

He  thought  the  system  of  supplying  exact 
specifications,  and  watching  the  manufac- 
turers of  rails,  had  not  succeeded;  and  he 
would  suggest  one  which,  he  believed, 
would  produce  much  better  rails  than  had 
been  turned  out  lately,  and  at  a  cheaper 
rather  than  at  a  higher  price.  He  would 
advise  that  Railway  Companies  should 
only  apply  for  tenders  to  rail-makers  of 
good  reputation,  that  the  onus  as  regard- 
ed the  durability  of  the  rails  supplied 
should  be  left  upon  such  makers,  and  that 
the  Railway  Companies  should  make  no 
secret  of  the  results  ;  in  fact,  that  there 
should  be  a  periodical  return  of  each 
maker's  rails  worn  out,  and  the  amount 
of  work  they  had  borne.  The  more  public 
such  returns  were  made,  the  better  it 
would  be  for  those  who  supplied  really 
good  rails,  and  the  system  could  scarcely 
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fail  to  be  a  better  protection  to  Eailway 
Companies  than  anything  they  now  pos- 
sessed. Of  course,  the  prices  paid  for  the 
rails  should  be  given  as  well. 

Sir  Charles  Fox  thought  the  value  of 
steel  rails  was  underrated,  inasmuch  as  it 
was  generally  considered  as  a  question  of 
steel  versus  iron.  He  did  not  say  that  the 
material  of  steel  was  not  better  for  the 
manufacture  of  rails  than  iron,  as  it  un- 
doubtedly was  so,  but  he  thought  that  was 
not  a  fair  exponent  of  the  difference  of  the 
value  of  the  two.  An  iron  rail  when 
manufactured,  even  in  the  best  way,  was 
little  more  than  a  bundle  of  rods;  and  the 
top  slab  might  be  compared  to  a  piece  of 
hoop-iron  lying  on  the  top  of  an  anvil  (the 
body  of  the  rail),  when  a  heavy  locomotive 
passing  over  it  acted  as  a  sledge  hammer. 
If  a  locomotive  wheel  were  permitted  to 
run  over  a  penny-piece,  by  its  crushing 
weight  it  increased  its  length;  but  as  that 
would  not  be  the  case  with  the  top  portion 
of  a  rail,  because  it  was  penned  in  length- 
wise, it  necessarily  spread  sideways,  and 
became  laminated.  A  steel  rail  was  rolled 
from  one  solid  ingot,  not  obtained  in  the 
ordinary  way  of  casting  ingots  by  pouring 
the  material  from  the  lip,  but  from  a 
stopple  hole  at  the  bottom  of  the  ladle,  by 
which  means  no  scum  would  get  into  the 
ingot,  and  it  was  consequently  homogene- 
ous and  perfect.  It  was  then  rolled  into 
a  solid  rail  having  no  tendency  to  laminate, 
and  that  was  one,  and,  in  his  opinion,  the 
main  reason  why  a  steel  rail  was  so  much 
more  durable  than  an  iron  one. 

Having  had  for  some  years  the  charge 
of  a  long  length  of  permanent  way,  he  had 
carefully  examined  many  defective  rails 
with  a  magnifying  glass,  to  ascertain  the 
cause  of  their  failure,  and  he  found  in  19 
cases  out  of  20,  that  the  defects  arose  from 
lamination  of  the  iron  resulting  from  de- 
fective welding.  It  was,  therefore,  im- 
portant to  have  a  better,  harder,  and  more 
homogeneous  material  for  rails.  But  he 
thought  that  with  harder  rails  engineers 
would  be  tempted  to  increase  the  load  to 
be  placed  upon  them  ;  and  that  they  had 
got  into  a  somewhat  similar  dilemma  to 
the  one  to  which  the  late  Mr.  Robert  Ste- 
phenson used  to  refer  when  he  said,  "  It 
is  of  little  use  making  improvements  in 
locomotives,  because  the  result  is  to  in- 
duce engineers  to  make  still  steeper  gra- 
dients." 

Steeper   gradients    had,   however,   be- 


come a  necessity;  and,  therefore,  it  was  no 
doubt  important  to  be  able  to  pass  heavier 
engines  over  such  gradients,  but  in  doing 
so  care  should  be  taken  in  using  only  such 
a  load  as  would  not  be  beyond  the  limit 
of  elasticity  of  the  material  of  which  the 
rails  were  made;  for  if  every  time  a  loco- 
motive wheel  passed  over  a  rail  it  sank 
intoitto  some  small  extent  (and  it  undoubt- 
edly did  so),  and  if  that  sinking  were  not 
entirely  recovered  when  the  wheel  passed 
on,  he  need  not  say  the  destruction  of  the 
rail  would  not  be  far  distant. 

Mr.  T.  E.  Harrison,  Vice-President, 
agreed  to  some  extent  with  the  remarks 
made  by  the  previous  speaker;  and  repre- 
senting as  he  did  a  Eailway  Company  in 
the  North  of  England,  the  chief  part  of 
whose  rails  were  purchased  from  the 
manufacturers  of  the  district,  he  had 
minute  observations  taken  of  the  wear  of 
those  rails,  and  he  might  state  as  the  re- 
sult, that  on  between  700  and  800  miles 
of  permanent  way  of  the  North  Eastern 
Railway  the  average  duration  of  the  last 
complete  set  of  rails  was  found  to  be  about 
15|  years;  and  some  which  were  laid  down 
in  1834  were  still  in  use.  There  were  rails 
made  in  Wales  which  had  been  in  use  in 
some  cases  more  than  20  years  which  were 
still  in  excellent  condition.  In  other  cases 
rails  had  to  be  taken  up  after  being  down 
only  a  comparatively  short  time.  On  the 
occasion  of  the  examination  of  a  number 
of  rails  taken  from  considerable  lengths 
of  line,  which  had  been  down  for  a  long 
time,  Mr.  Harrison  had  advised  that  a 
careful  analysis  should  be  made  ;  and  it 
had  been  found  that  the  rails  which  lasted 
the  longest  contained  from  •j^ths  to  T5oths 
per  cent,  of  phosphorus,  and  many  of  the 
rails  which  exhibited  the  least  signs  of 
wearing  were  such  as  would  be  generally 
considered  bad  iron.  Many  years  ago 
large  quantities  of  rails  had  been  pur- 
chased in  Wales  under  peculiar  circum- 
stances ;  they  were  called  "  Hudson's " 
rails;  and  objections  were  raised  against 
their  being  used,  because  they  were  man- 
ufactured under  contract,  without  a  speci- 
fication, and  it  must  be  admitted  that  the 
fracture  was  that  of  very  inferior  iron. 
They  were,  however,  laid  down  on  a  part 
of  the  line  where  the  traffic  was  very  he;iw ; 
and  after  15  years'  wear,  many  of  those 
rails  were  still  in  good  condition.  This 
result  was  in  accordance  with  the  views  of 
Mr.    Williams   and   of   Mr.   Yaughan,    of 
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Middlesboro"  that  the  specifications  of 
Civil  Engineei-s  showed  that  they  did  not 
thoroughly  understand  the  best  mode  of 
manufacturing  durable  rails.  He  accord- 
ed with  that  opinion  ;  for  when  be  com- 
pared the  rails  made  on  a  more  expensive 
specification,  with  a  view  of  getting  a  more 
fibrous  quality  of  iron,  with  Welsh  or  with 
North  Country  rails  made  without  a  speci- 
fication, he  found  they  almost  invariably 
lasted  longer  than  the  rails  made  in  ac- 
cordance with  the  most  elaborate  specifi- 
cation. After  consultation  with  two  of  the 
Directors  of  the  North  Eastern  Railway, 
it  was  determined  to  collect  samples  of  all 
those  rails  which  had  been  longest  down, 
and  to  place  them  side  by  side  with  samples 
of  the  most  unsuccessful,  and  to  have  an 
analysis  made  of  the  whole;  and  then  they 
determined  to  send  to  all  the  manufactu- 
rers in  the  locality,  and  to  ask  them  to 
supply  each  1,000  tons  of  rails,  without 
giving  any  specification.  They  were  now 
in  course  of  manufacture  ;  and  the  prices 
at  which  the  manufacturers  had  contract- 
ed to  deliver  them  were  below  what  they 
would  have  charged  for  rails  made  accord- 
ing to  the  specification  previously  used. 
It  was  intended  to  lay  down  alternate  rails 
from  each  of  the  9  manufacturers  ;  and 
they  would  be  laid  where  there  was  the 
largest  amount  of  wear.  If  they  wore  well 
it  was  assumed  that  the  manufacturer 
would  be  prepared  to  supply  similar  rails 
for  the  future.  The  effect  of  this  plan  had 
been  to  put  the  manufacturers  of  the 
North  a  little  upon  their  mettle.  One 
sample  of  rails  on  the  table  had  been 
down  for  24  years;  others  had  been  laid 
in  places  where  80  trains  a  day  had  pass- 
ed over  them  during  15  years.  Then 
there  were  two  samples  from  Messrs. 
Bolckow  and  Yaughan,  made  without  spe- 
cification, which  contained  0.5  per  cent  of 
phosphorus.  They  were  laid  near  the 
Milford  Junction,  and  had  not  been  turn- 
ed. Many  thousands  had  been  taken  from 
the  main  line,  and  had  been  laid  down  on 
some  of  the  branches,  where  they  would 
last  for  the  nest  twenty  years.  Seeing 
what  could  be  done  with  iron  rails  lasting 
anything  like  the  period  mentioned,  the 
use  of  steel  became  unnecessary  as  a  mat- 
ter of  economy.  At  the  same  time,  on 
portions  of  the  North  Eastern  line  where 
there  were  stations  and  a  great  deal  of 
shunting,  the  rails  would  not  last  more 
than  two  or  three  years,    and  in   those 


cases  steel  rails  had  been  laid  down.  A 
difficulty  with  regard  to  the  iron  rails 
arose  from  the  test  to  which  they  should 
be  submitted.  No  doubt,  iron  which  was 
best  for  wear  would  not  stand  a  heavy 
blow,  and  where  the  rails  were  submitted 
to  the  test  of  a  heavy  falling  weight  they 
would  be  found  deficient.  The  difficulty 
lay  in  making  iron  rails  of  sufficient  hard- 
ness, and  at  the  same  time  of  sufficient 
strength  for  use.  He  could  not  refer  to 
a  single  instance  of  the  breaking  of  ordi- 
nary rails  when  the  line  was  kept  in  good 
order;  and  the  question  arose  whether 
the  test  of  a  heavy  ball  should  be  applied. 
If  the  road  was  in  good  order  he  doubted 
whether  any  blow  ought  to  come  upon  the 
rail;  and  even  that  could  be  met  by  put- 
ting in  a  few  additional  sleepers  and 
shortening  the  bearings.  As  a  question 
of  economy,  with  the  cost  of  the  addi- 
tional sleepers  and  chairs,  an  iron  rail  so 
treated  would  be  cheaper  than  one  of 
steel.  He  was  an  advocate  for  using  the 
double-headed  rail.  The  North  Eastern 
system  embraced  a  large  extent  of  branch- 
es used  for  coal  traffic,  on  which  the  par- 
tially worn  rails  were  used.  There  were 
many  miles  of  those  lines  on  which  a  new 
rail  had  never  been  laid  since  the  rails 
were  first  put  down.  These  branches 
were  maintained  by  rails  culled  from  the 
main  line,  and  some  of  them  were  used 
without  being  turned.  Though  a  rail 
might  be  unfit  for  the  main  line,  it  would 
serve  for  a  less  important  part  of  the  sys- 
tem; and  under  such  circumstances  the 
double-headed  rail  was  useful.  He  was 
not  prepared  to  say  that  in  all  cases  it 
was  desirable  to  use  it,  because  the  hard- 
est iron  might  be  applied  to  one  head  of 
the  rail  for  wear  and  a  different  quality 
to  the  bottom  web;  and  a  rail  thus  ob- 
tained would  stand  a  heavy  falling  test; 
and  if  the  rails  were  not  going  to  be  turn- 
ed, it  was  a  matter  of  less  importance. 
With  regard  to  the  use  of  steel,  he  thought, 
if  the  wear  he  had  mentioned  could  be  got 
out  of  the  iron  rails,  it  would  be  seme 
time  before  steel  would,  be  used  to  a  large 
extent;  but  if  the  size  of  the  locomotives 
and  the  speed  of  the  trains  were  further 
increased,  steel  rails  might  become  a  mat- 
ter of  necessity  upon  the  main  lines.  The 
rail-makers  in  the  North  could  make  as 
good  rails  as  they  did  formerly,  by  going 
back  to  their  old  mode  of  manufacture; 
and  it  would  then  be  found  that  the  ordi- 
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nary  rail  would  regain  a  position  which, 
he  believed,  to  a  large  extent  it  had  for 
some  time  lost. 

Mr.  W.  R.  Innes  Hopkins,  being  one  of 
the  Northern  iron-masters  referred  to, 
did  not  intend  to  make  the  rails  that  he 
proposed  to  have  tried  on  the  North  East- 
ern Railway  according  to  the  formula  of 
any  engineer.  He  was  quite  certain  that 
as  engineers  had  increased  their  tests, 
they  had  augmented  the  strength  of  rails 
at  the  expense  of  their  wearing  power, 
and  it  was  a  matter  of  experience  that  a 
strong  fibrous  rail  would  not  stand  heavy 
traffic  nearly  so  well  as  one  with  a  hard 
crystalline  head.  In  paying  great  atten- 
tion to  the  wearing  power  of  double- 
headed  rails,  they  were  frequently  ren- 
dered brittle,  and  became  liable  to  be 
broken;  but  experience  showed  that  very 
far  below  the  standard  now  used  for  test- 
ing would  give  a  sufficiently  strong  doub- 
le-headed rail  to  bear  the  heaviest  traffic. 
Rails  that  had  been  laid  down  for  many 
years  in  the  north  of  England,  and  had 
stood  the  traffic  well,  on  being  tested, 
were  found  to  break  at  one -fourth  of  the 
weight  frequently  prescribed,  whereas 
rails  that  had  become  laminated,  and  had 
quickly  worn  out,  did  not  break  under 
the  operation  of  testing.  What  was  tech- 
nically called  "  strong  iron  "  did  not  weld 
readily,  and  as  the  weldable  property  was 
diminished,  the  homogeneous  character 
and  wearing  power  of  the  rail  was  de- 
stroyed. On  most  foreign  lines  the  Vig- 
noles  form  of  rail,  with  a  broad  lower 
flange,  had  been  adopted.  This  gave  a 
greater  opportunity  for  combining  wear- 
ing power  with  strength  than  any  double- 
headed  section,  because  hard  iron  could 
be  used  for  the  head,  and  great  strength 
and  power  of  resistance  to  testing  could 
be  obtained  in  the  web  and  the  flange. 
He  considered  that  the  shape  of  many 
double-headed  rails  was  far  from  good. 
They  were  too  quickly  cut  in  under  the 
head,  and  many  failures  were  caused  by 
the  side  of  the  head  breaking  off,  from 
not  being  sufficiently  supported  beneath. 
The  section  of  the  rail  used  by  the  Dutch 
Government  showed  a  pear-shaped  head, 
which  he  believed  was  as  good  a  form  as 
could  be  devised.  There  was  some  trouble 
at  first  in  "fishing"  this  rail,  but  the 
Dutch  engineers  used  an  arched  fish, 
which  appeared,  to  a  great  extent,  to 
overcome  the  difficulty* 


Mr.  Fowler,  Past-President,  considered 
it  rather  remarkable  that  Mr.  Hai'rison 
should  have  obtained  better  rails  without 
a  specification  than  when  he  had  given 
specific  instructions;  and  he  could  only 
account  for  it  by  supposing  that  the  speci- 
fication had  been  drawn  for  some  other 
rail-making  district  than  that  in  which 
the  rails  were  made,  for  it  was  impossible 
to  suppose  that  he  would  do  otherwise 
than  give  such  directions  as  would  lead 
to  the  manufacture  of  good  rails.  Mr. 
Williams  stated  that  the  rails  should  be 
hard  and  crystalline,  rather  than  fibrous. 
No  doubt  these  were  desirable  qualities, 
and  it  was  equally  so  that  a  rail  should 
not  be  brittle.  He  could  not  agree  in 
the  opinion  that  specifications  were 
useless,  and  that  engineers  did  not 
know  what  they  wanted.  On  the 
contrary,  he  thought  that  Mr.  Hop- 
kins was  mistaken,  and  that  engineers 
did  know  what  they  wanted  in  a  rail.  Mr. 
Hopkins  might  suppose  that,  because  the 
engineer  tested  against  the  possibility  of 
brittleness  by  a  falling  weight,  therefore 
he  desired  to  have  great  ductility;  that 
was  a  wrong  conclusion;  but  it  was  im- 
portant to  be  assured  that  the  rail  was 
not  so  hard  as  to  be  brittle;  and  that  was 
the  object  of  engineers  in  some  of  their 
tests.  Mr.  Harrison's  plan  of  getting  9 
manufacturers  to  lay  down  their  rails 
under  the  same  circumstances  would  af- 
ford an  excellent  test,  and,  although  with- 
out a  specification,  no  doubt  he  would 
get  good  rails  laid  down;  but  then  it  was 
desirable  that  he  should  ascertain  exactly 
the  process  adopted  in  the  manufacture 
of  those  rails,  and  after  making  careful 
tests,  he  should  analyze  the  results;  other- 
wise, if  the  manufacturers  were  allowed 
to  lay  down  9  different  khids  of  rails,  and 
no  observations  were  taken,  he  would  be 
in  no  better  position  than  he  was  at  first. 
In  his  opinion  it  was  not  desirable- in  the 
interests  of  railway  proprietors  or  of  the 
public,  that  engineers  should  abdicate 
their  functions;  but  he  would  advise  them 
to  draw  specifications,  and  to  take  pains 
to  ascertain  the  process  of  manufacture 
of  the  iron,  and  to  confer  with  the  manu- 
facturers. In  former  times  he  had  got 
rails  without  a  specification,  paying  an 
extra  price  for  quality,  but  his  expecta- 
tions were  not  realized,  and  he  got  worse 
rails  for  a  higher  price. 

It  would  be  admitted  that  no  rule  could 


90 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


be  laid  down  for  the  manufacture  of  rails 
which  would  be  applicable  to  all  localities. 
The  question  must  be  considered  chiefly 
with  regard  to  the  mixture  of  iron  to  ob- 
tain a  certain  result.  He  believed  steel 
would  for  almost  all  purposes  eventually 
supersede  the  use  of  iron.  But,  as  in  the 
case  of  all  new  applications,  caution  was 
necessary.  There  could  be  no  doubt, 
however,  that  in  certain  circumstances, 
such,  for  instance,  as  on  short  lines  for 
very  heavy  traffic,  the  use  of  steel  was 
most  desirable.  With  regard  to  its  ex- 
tended use  on  main  lines,  each  case  must 
be  dealt  with  separately,  taking  into  ac- 
count the  quantity  and  quality  of  the  traf- 
fic, a.nd  the  varying  price  of  the  material. 
The  price  of  steel  rails  was  falling;  and 
the  difference  between  good  iron  rails  and 
good  steel  rails  would  have  a  tendency  to 
diminish.  At  the  same  time  he  hoped  it 
would  never  so  far  diminish  as  to  lead  to 
the  use  of  an  inferior  quality  of  steel  rails. 
He  would  advise  engineers  to  adopt  the 
plan  of  having  their  steel  rails  carefully 
tested.  The  difficulties  which  led  to  the 
manufacture  of  steel  that  was  too  hard 
were,  he  believed,  being  gradually  over- 
come, and  existed  now  in  a  trifling  degree 
only.  The  Tables  that  had  been  produced 
were  remarkable,  but  he  did  not  think 
that  the  Institution  possessed  at  present 
sufficient  data  to  induce  it  to  regard  them 
as  satisfactory.  That  good  steel  rails 
would  last  much  longer  than  iron  rails  no 
one  could  doubt;  but  he  had  no  confidence 
in  a  calculation  which  assumed  that  steel 
rails  would  last  from  30  years  to  80 
years,  though  Tables,  such  as  those  exhib- 
ited by  the  Author,  even  when  the  life  of 
steel  rails  was  to  some  extent  assumed, 
were  no  doubt  useful.  There  were  ad- 
vantages in  the  use  of  steel  rails  which 
had  not  yet  been  alluded  to.  Taking  the 
case  of  a  main  trunk  line,  such  as  the 
Great  Northern,  Mr.  Price  Williams  had 
stated  that  the  life  of  rails  on  that  railway 
was  8  years.*  There  was  no  great 
object  in  having  sleepers  which  lasted 
longer  than  the  rails,  because  few  engi- 
neers would,  on  a  main  trunk  line,  put 
new  rails  on  second-hand  or  half  worn- 
out  sleepers.  But  if  steel  rails  were  used, 
lasting  over  a  period  of  from  16  years 
to  24  years,  it  became  immediately 
an   important    object  to    make   the   du- 
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rability  of  the  sleeper  as  great  as  pos- 
sible, because  in  addition  to  the  economy 
that  would  result  from  such  an  arrange- 
ment, there  was  a  material  element  of 
convenience  in  not  having  the  permanent 
way  disturbed  more  frequently  than  was 
absolutel}r  necessary.  If,  instead  of  re- 
newing the  permanent  way  every  8  years, 
it  became  necessary  to  do  so  only  every 
16  years,  a  great  advantage  would  be 
gained.  It  was  well  known  that  when  £ 
of  a  main  trunk  line  was  always  in  the 
course  of  renewal,  it  considerably  inter- 
fered with  the  safe  working  of  the  line. 
Simultaneously  with  the  use  of  steel  rails, 
it  would  be  necessary  to  introduce  a  su- 
perior quality  of  timber  instead  of  what 
was  called  sleeper  timber,  which  consisted 
of  the  tops  of  trees  of  an  inferior  quality. 
It  was  probable  also  that  the  form  of  the 
rail  would  be  changed,  and  that,  instead 
of  the  double-headed  rail  with  fastenings 
composed  of  many  parts,  engineers  would 
adopt  the  Vignoles  form;  this  might  be 
made  with  steel,  with  the  bottom  so  wide 
that  there  would  be  no  difficulty  in  having 
the  base  as  large  as  that  of  the  largest 
chairs.  His  own  experience  was  in  favor 
of  a  base  6|  in.  in  width.  He  considered 
chairs  objectionable  ;  but  with  a  good 
Vignoles  section  of  rails,  a  bed  of  great 
simplicity,  greater  strength,  and  more 
security  would  be  obtained.  That  was 
one  amongst  the  many  advantages  arising 
from  the  use  of  steel. 

Then,  again,  the  question  of  turning 
would  no  longer  be  considered  of  impor- 
tance when  the  material  lasted  30  years. 
He  did  not  approve  of  the  compound  rail 
with  a  steel  head  and  an  iron  bottom,  as 
the  welding  was  sufficiently  difficult 
whether  in  iron  or  in  steel  alone,  but  that 
difficulty  would  be  greatly  increased  by 
the  attempt  to  make  a  compound  rail  of 
steel  and  iron.  In  some  instances  the 
use  of  such  rails  had  been  satisfactory, 
but  in  others  very  unsatisfactory;  and  he 
would  advise  Engineers  to  be  content, 
either  with  good  iron  rails,  or  with  good 
steel  rails,  and  not  to  attempt  a  combina- 
tion. 

Mr.  Isaac  Lowthian  Bell  admitted  that 
complete  success  had  not  hitherto  attend- 
ed tne  joint  deliberations  of  engineers  and 
iron  manufacturers. 

Although  steel  in  some  other  form  than 
that  generally  used  up  to  the  present  time 
had  been  alluded  to,  he  apprehended  that, 
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as  no  practical  plan  had  been  hitherto  de- 
vised and  adopted  for  the  manufacture  of 
steel  rails  upon  a  large  scale,  it  would 
hardly  be  prudent  to  consider  any  other 
than  Bessemer  steel  in  the  present  discus- 
sion. Any  comparison  of  economy  of 
course  resolved  itself  into  a  question  of 
cost  and  durability.  Nothing  commended 
itself  more  strongly  to  the  mind  of  the 
manufacturer  than  the  production  of  the 
Bessemer  steel,  particularly  as  it  was  oc- 
casionally practised  in  France,  where  pig 
iron  was  run  from  the  blast  furnace  into 
the  converter,  and  the  rail  was  rolled  di- 
rect from  the  bloom,  without  passing  un- 
der the  hammer.  No  doubt  that  was  a 
most  ingenious  process,  and  one  which 
might  be  brought  into  universal  applica- 
tion, but  for  other  difficulties  connected 
with  the  manufacture  of  Bessemer  steel, 
which  did  not  obtain  in  the  manufacture 
of  iron.  In  this  last-named  operation, 
the  process  of  puddling  separated  in  a 
great  measure  the  phosphorus  from  the 
iron;  whereas  it  was  a  peculiarity  of  the 
Bessemer  process  that  the  phosphorus 
was  condensed  into  the  steel.  In  select- 
ing iron  for  the  Bessemer  process,  it  was 
important  to  consider  the  composition 
and  the  difference  in  the  properties  of 
the  various  kinds  of  iron  to  be  dealt  with. 
From  his  own  analyses,  and  from  the  Ta- 
bles of  composition  given  in  Dr.  Percy's 
"  Metallurgy,"  it  might  be  assumed  that 
in  Cleveland  pig  iron  there  was  an  average 
of  about  If  per  cent,  of  phosphorus  ;  in 
North  Staffordshire,  about  1  ;  in  Der- 
byshire, 1  ;  in  Bowling,  .51  ;  in  South 
Wales,  .49;  in  South  Staffordshire,  .41;  in 
the  Forest  of  Dean,  .137  ;  in  Weardale, 
.10;  and  it  was  only  in  hseinatite  iron  that 
the  phosphorus  fell  so  low  as  .047  per  cent. 
He  believed  that  Mr.  Bessemer  himself 
held  that,  by  his  process,  he  could  not 
satisfactorily  deal  with  iron  containing 
above  .045  per  cent,  of  phosphorus.  The 
quantity  of  iron  produced  in  the  British 
Isles,  fit  for  making  Bessemer  steel, 
was  therefore  extremely  limited,  be- 
cause the  total  quantity  of  hgernatite 
iron  was  only  about  one-fifth  of  the 
entire  yield  of  the  kingdom.  Bessemer 
haematite  pig  iron,  in  consequence  of 
the  demand  and  of  the  limited  make,  was 
worth  80s.  per  ton,  whereas  Cleveland  pig 
iron  was  worth  only  about  42s.  6d.  per 
ton.  The  important  question  then  arose 
— what  other  supplies  of  iron  were  avail- 


able for  the  manufacture  of  Bessemer 
steel  ?  The  total  supply  of  pig  iron  in 
Europe  was  about  8,250,000  tons.  In 
France,  where  the  manufacture  of  Besse- 
mer steel  was  looked  upon  as  one  of  great 
importance,  there  was  scarcely  a  ton  of  ore 
fit  for  the  manufacture  of  iron  suitable  for 
the  process.  At  Lavoulte,  a  small  district 
on  the  banks  of  the  river  Rhone,  a  small 
portion  of  suitable  iron  ore  was  ob- 
tained ;  but  by  far  the  greater  part  was 
made  from  ore  procured  from  Mokta,  in 
Algeria,  which  raised  the  cost  of  the  pig 
iron  to  something  like  ,£4  per  ton.  In 
Belgium,  in  Westphalia,  and  in  Silesia, 
there  did  not  appear  to  be  any  iron  ore 
fit  for  the  Bessemer  converter.  Norway 
and  Sweden  produced  a  limited  quantity; 
but  not  all  of  that  was  sufficiently  free 
from  phosphorus.  He  had  brought  over 
from  Norway  a  sample  of  ore,  and  he  had 
found  that  the  pig  iron  smelted  from  it 
contained  \  per  cent,  of  phosphorus.  The 
Rhenish  provinces  raised  about  500,000 
tons  of  iron  ore  per  annum  pure  enough 
for  Bessemer  iron.  Styria  and  Corinthia 
also  produced  a  limited  supply  ;  but  he 
believed  that  a  yield  of  250,000  tons  a 
year  was  all  that  could  be  depended  upon 
from  that  locality.  He  had  no  knowledge 
of  the  resources  of  Russia;  but  looking  at 
the  distance  of  the  iron-works  from  the 
shipping  ports,  he  imagined  little  help 
could  be  expected  from  that  quarter. 
There  were  other  ores,  as  in  Biscay,  but 
so  far  as  pig  iron  was  concerned,  the  re- 
sult was  that,  out  of  the  8,250,000  tons 
of  pig  iron  produced  in  Europe,  there  was 
only  about  500,000  tons  suitable  for  mak- 
ing Bessemer  steel. 

Then  the  comparative  cost  of  the  manu- 
facture of  steel  and  of  iron  rails  was  an 
important  question,  not  only  as  it  was  at 
present,  but  what  it  might  be  in  the  future. 
He  thought  that  rails  might  be  made  from 
pig  iron  as  cheaply  by  the  one  process  as 
by  the  other,  so  far  as  the  mere  cost  of 
the  operation  for  wages,  fuel,  etc.,  was 
concerned,  and  independently  of  the  price 
of  the  pig  iron  employed.  The  loss,  al- 
though considerable  in  the  Bessemer  pro- 
cess, took  place  at  a  period  of  the  manu- 
facture when  the  least  amount  of  work 
had  been  done  ;  and  that  was  an  advan- 
tage. He  was  aware  that  his  opinion  of 
the  cost  of  manufacture  was  not  admitted 
by  the  makers  of  the  Bessemer  rails.  One 
explanation  of  the  cost  might  be,  that  the 
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number  of  rejected  rails  manufactured  in 
England  was  far  in  excess  of  the  number 
i  ejected  abroad.  He  had  been  assured  bv 
a  manufacturer  in  Styria,  that  he  was  in 
the  habit  of  rolling  rails  for  a  week  at  a 
time  without  producing  a  single  waste 
rail  ;  but  whether  this  proceeded  from 
the  fact  that  a  superior  kind  of  pig — viz., 
iron  from  pure  ores,  and  smelted  with 
charcoal  —  was  used,  or  from  greater 
fastidiousness  on  the  part  of  the  engi- 
neers in  this  country,  he  was  unable  to 
say. 

He  had  long  entertained  a  doubt  as  to 
the  amount  of  confidence  to  be  placed  in 
some  of  the  specifications  prepared  by 
engineers  ;  and  he  still  adhered  to  that 
opinion,  notwithstanding  the  remarks  that 
had  been  made.  He  had  some  time  ago 
suggested  to  Mr.  Harrison,  when  the  Di- 
rectors of  the  North  Eastern  Railway  were 
considering  the  question  of  using  a  rail  of 
steel  costing  as  much  as  £12  per  ton, 
whether  some  improvement  might  not  be 
introduced  in  the  manufacture  of  iron 
rails.  The  subject  was  of  great  impor- 
tance to  railway  companies,  to  British 
iron-masters,  and  to  the  country  gener- 
ally, and  was  one  which  could  only  be 
properly  investigated  by  long  and  patient 
observation  of  those  facts  which  experi- 
ence in  the  manufacture,  as  well  as  in  the 


use  of  the  rail,  could  elicit  ;  and  hence 
both  iron  makers  and  engineers  should  co- 
operate in  any  attempt  to  produce  a  good 
iron  rail ;  and  those  who  might  succeed 
in  accomplishing  this  would  be  entitled  to 
be  considered  as  national  benefactors,  by 
maintaining  the  demand  for  that  descrip- 
tion of  metal  produced  in  such  large 
quantities  in  this  country.  Not  long  ago 
a  rail  had  been  taken  up  which  had  been 
down  for  15  years,  on  that  portion  of  the 
North  Eastern  Railway  on  which  the  traf- 
fic was  the  largest.  From  previous  ob- 
servation, he  had  ventured  to  say  that  it 
was  a  bad  specimen  of  iron,  so  far  as  pu- 
rity and  freedom  from  phosphorus  was 
concerned.  An  analysis  of  the  rail  had 
been  made  with  the  following  result : 


Silica 

Graphite . . 
Manganese 
Sulphur. . . 
Phosphorus 


.07 
.36 
.11 

.504 


Iron 98.11 

99.234 

Thus  showing  that  it  contained  almost 
the  amount  of  phosphorus  stated  by  Mr. 
Karsten  to  be  the  extreme  limit.  Other 
rails  were  taken  up  which  had  been  in  use 
since  1855.  The  mean  of  two  analyses  of 
these,  made  by  Mr.  Marreco,  of  Newcas- 
tle, was  as  follows  : 


One  specimen  contained  per  cent . 


Phosphorus. 
.513 
.307 
.161 
.223 


Silicon.  Carbon.                    Sulphur. 

.079  Trace.                        .090 

.195  0                           .109 

.168  0  Not  estimated. 


A  rail  just  received,  and  apparently  of 
serviceable  qualitj^,  contained  .681  per 
cent,  of  phosphorus. 

As  the  same  kind  of  pig  iron  might  on 
puddling  yield  a  product  varying  in  qual- 
ity according  to  the  treatment  it  received, 
he  had  no  doubt  that  rail  makers  might 
produce  a  hard  or  a  soft  kind  of  iron  ;  in 
proof  of  which  he  laid  two  samples  of  iron 
on  the  table,  puddled  from  the  same  pig, 
one  bright  and  crystalline,  and  the  other 
fibrous  and  tough.  In  France  this  was 
actually  done  in  practice,  the  puddler  be- 
ing paid  different  prices  for  the  several 
qualities  of  iron.  Manufacturers  in  Eng- 
land dared  not  encounter  the  risk  of 
making  iron  which,  though  strong  enough 
for  rails,  might  still  not  resist  the  severe 
test-blow  to  which  engineers  subjected  it; 
indeed,  when  this  power  and  species  of 
resistance  was  provided  for,  a  sufficient 


quantity  of  No.  2  bar  used  in  the  piles, 
and  no  mill  cinders  admitted  into  the 
blast  furnace,  it  seemed  to  him  that  a 
rail  specification  was  considered  com- 
plete. 

Of  such  importance  was  the  presence 
of  phosphorus  considered  in  France,  that 
when  it  was  found  that  railway  bars  were 
getting  too  fibrous,  mill  cinders,  or  ores 
containing  phosphorus,  were  introduced, 
with  the  view  of  correcting  what  was  re- 
garded as  a  disqualification  in  that  kind 
of  iron  ;  so  that  it  might  turn  out  event- 
ually that  this  hitherto  maligned  sub- 
stance might  be  considered  indispensable 
in  a  good  rail. 

With  regard  to  manufacturing  steel  by 
some  other  process,  he  was  not  without 
hope  from  what  he  had  witnessed,  and 
from  careful  study,  that  steel  would,  by 
the   introduction   of    new  processes,   be 
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eventually  produced  from  iron  containing 
phosphorus  in  amount  far  exceeding  the 
limits  laid  down  by  Mr.  Bessemer.  Sach 
a  discovery,  he  need  not  say,  would  be  a 
valuable  acquisition  to  the  manufacturer, 
to  the  railway  engineer,  and  to  the  na- 
tion. 

Mr.  James  Deas  stated  that  the  North 
British  Railway  Company  had  used  solid 
steel  rails  for  6  years,  having  laid  down 
upwards  of  1,100  tons ;  500  tons  upon 
main  lines,  and  fully  600  tons  in  switches 
and  crossings.  About  1,000  sets  of  switches 
and  crossings  had  been  put  down,  and 
not  one  of  them  had  yet  worn  down. 
Several  sets  of  switches  had  been  in  the 
road  for  6  years,  while  the  switches  of 
iron  rails  that  preceded  them  had  worn 
out  in  from  6  to  9  months.  Three  years 
ago  he  had  laid  250  tons  of  steel-headed 
rails,  weighing  75  lbs.  to  the  yard,  in  24- 
ft.  lengths  fish-jointed  ;  they  were  the 
first  rails  of  the  kind  which  were  made  by 
the  Dowlais  Iron  Company.  Out  of  up- 
wards of  900  rails,  the  steel  had  separated 
from  the  iron  in  only  25  of  them,  and 
these  rails  had  been  turned  and  had  been 
left  in  the  road  with  the  iron  heads  up- 
permost. The  steel  was  laid  flat  on  the 
top  of  the  rail  and  not  turned  over  the 
edges,  as  had  been  done  in  the  Swedish 
Government  rails,  designed  by  Mr.  Sand- 
berg. 

He  had  laid  down  alternately,  at  the 
same  time,  9  solid  steel  rails  and  9  iron 
rails,  on  the  outside  of  a  12-chain  curve. 
The  original  depth  of  the  rails  was  5^  in. 
When  they  were  examined  a  few  days  ago, 
the  solid  steel  and  the  steel-headed  rails 
had  worn  g1^  in.,  whilst  the  iron  rails  had 
worn  y5^  in.  The  inside  of  the  steel- 
headed  rails  was,  however,  worn  much 
more  than  the  inside  of  the  solid  steel 
rails  ;  and  this  was  probably  accounted 
for  by  the  greatest  pressure  of  the  flanges 
occurring  at  the  junction  of  the  iron  and 
steel. 

Mr.  W.  Menelaus  said,  that  to  make  a 
rail  of  wrought  iron  which  would  endure 
satisfactorily,  under  the  conditions  not 
unusual  on  at  least  portions  of  most  of  the 
great  lines  of  railway,  was  commercially 
impossible.  There  were  inherent  faults, 
first  in  the  quality  of  the  metal  itself,  and 
next  in  the  mode  of  manufacture,  which 
rendered  it,  in  his  opinion,  impossible  to 
produce  a  rail  of  wrought  iron  which 
would  stand  even  a  reasonable  time  un- 


der the  trying  conditions  to  which  some 
portions  of  the  lines  must  of  necessity  be 
exposed.  No  doubt  it  was  possible  to 
produce  perfect  homogeneity  and  sound 
welding  in  wrought  iron,  as  for  instance 
in  "best-best"  tyres;  but  this  could  only 
be  done  at  a  great  cost,  and,  beyond  all 
doubt,  Bessemer  metal  could  be  produced 
cheaper  than  this  high-class  wrought  iron. 
Even  granting  that  wrought  iron  of  great 
excellence  could  be  produced  in  large 
quantities,  which  he  much  doubted,  even 
the  best  wrought  iron  ever  made  was  far 
inferior  to  Bessemer  metal,  at  least  for 
rails.  In  adopting  steel  for  Bessemer 
rails  there  was  one  great  security  ;  bad 
steel,  in  the  sense  of  impure  steel,  could 
not  be  made  into  rails.  He  frankly  ad- 
mitted that  by  an  error  of  judgment,  or 
by  attempting  to  make  the  metal  hard  and 
lasting,  an  overdose  of  carbon  might  be 
given  to  it,  and  the  rails  would  in  conse- 
quence be  brittle;  but  if  this  mistake  were 
avoided,  he  held  that  bad  steel  could  not 
be  made  into  rails  at  all.  In  fact,  as  a 
matter  of  economy,  the  purer  and  higher 
the  quality  of  the  pig  iron  used,  the  cheaper 
must  be  the  Bessemer  steel  rails  produc- 
ed. As  far  as  his  experience  went,  noth- 
ing was  so  bad  and  so  wasteful  as  to  at- 
tempt to  use  pig  iron  of  low  quality  for 
making  Bessemer  metal  ;  if  silicon  was 
present  in  excess  there  was  a  bad  yield  in 
the  converter;  and  the  presence  of  undue 
quantities  of  sulphur  and  phosphorus 
caused  a  great  number  of  waste  rails.  He 
had  found  it  best  and  cheapest  to  buy  the 
highest  quality  of  pig  iron  only.  His  ex- 
perience of  Bessemer  metal,  however,  bad 
been  confined  entirely  to  the  manufacture 
of  rails,  but  he  had  no  doubt  all  steel 
makers  would  bear  him  out  in  these  state- 
ments. He  believed  the  only  charge 
brought  against  the  quality  of  steel  rails 
was  their  brittleness,  as  it  was  called,  and 
he  supposed  that  rails  made  of  Bessemer 
metal  had  broken  in  regular  work,  even 
when  produced  by  manufacturers  who 
from  their  long  experience  in  the  trade 
actually  claimed  pre-eminence.  His  opin- 
ion was  that  these  hard  rails  had  been 
made,  not  designedly,  as  a  matter  of  econ- 
omy, but  simply  by  accident,  or  through 
an  error  in  judgment;  mistakes  were  less 
likely  to  happen  now  that  considerable 
expei'ience  had  been  gained  in  working 
the  metal.  Excellent  iron  rails  could  be 
made  if  railway  engineers  would  but  treat 
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iron-masters  with  confidence  and  would 
pay  a  fair  price;  but  when  a  high  class 
rail  was  required  he  was  of  opinion  that, 
as  far  as  was  known  at  present,  there  was 
no  material  to  be  compared  to  Bessemer 
metal  for  excellence  of  quality  and  mode- 
rate cost. 

Now  as  to  the  union  of  the  two  metals 
in  the  shape  of  what  were  called  steel- 
headed  rails.  Very  unsatisfactory  results 
followed  the  first  attempts  to  make  rails 
of  that  description;  but  no  doubt  other 
makers  had,  like  himself,  benefited  by 
experience,  and  now  a  perfect  junction 
could  be  insured  between  the  iron  in  the 
body  and  the  steel  on  the  heads  of  rails. 
He  first  used  plain  slabs,  and  he  had 
made,  some  years  ago,  by  this  method,  a 
quantity  of  rails  for  the  Edinburgh  and 
Glasgow  Railway.  Mr.  Deas  reported 
that  the  rails  had,  so  far,  stood  well,  and 
he  still  expressed  confidence  in  rails  of 
this  description.  These  rails  were  made 
wTith  plain  slabs  for  the  tops,  and  the 
union  of  the  two  metals  depended  entirely 
on  the  weld.  After  a  while  he  adopted  a 
system  for  making  steel  beads,  which  had 
been  long  used  in  South  "Wales  for  iron; 
that  was,  giving  a  mechanical  grip  to  the 
top  slab  in  the  rail-head.  The  slab  of  iron 
was  rolled  in  the  form  of  channel  iron, 
with  a  rib  more  or  less  deep  on  each  side. 
In  the  finished  rail  the  steel  was  thus  not 
only  welded  to  the  iron,  but  it  had  a  good 
mechanical  grip  upon  it.  This  plan  of 
rolling  the  steel  slabs  in  the  channel  form 
was  a  great  improvement.  All  he  had  ar- 
rived at,  however,  was  to  get  a  good  grip 
of  the  head;  but  Mr.  Sand  berg,  having  the 
management  at  the  Dowlais  Works  of  the 
manufacture  of  a  quantity  of  steel-headed 
rails  for  the  Swedish  Government,  sug- 
gested that  the  horns  or  ribs  of  the  chan- 
nel-formed steel  slabs  should  be  deepened, 
so  as  to  insure  a  complete  envelope  of 
steel  for  the  head;  and  it  was  found  that, 
in  the  rail  rolled  from  the  slabs  designed 
by  Mr.  Sandberg,  the  steel  actually  came 
down  into  the  stem  of  the  rail,  and  made 
an  excellent  sound  job. 

It  was  by  no  means  a  simple  matter  to 
roll  steel  and  iron  together,  as  the  two 
metals  required  to  be  worked  at  different 
temperatures  ;  but  after  a  little  practice 
the  men  acquired  sufficient  skill  in  the 
management  of  the  pile  in  the  furnace  to 
secure  an  excellent  junction  between  the 
two   metals,   and   in   his   opinion    steel- 


headed  rails,  properly  made,  would  be 
found  to  stand  almost,  if  not  quite,  as  well 
as  rails  of  solid  Bessemer  metal,  though 
of  course  they  would  not  be  reversible, 
having  only  one  table  of  steel. 

Mr.  James  Shaw  felt  from  his  experience 
at  the  Stockton  Iron  Works,  that  he  could 
confirm  a  great  deal  that  had  been  said 
regarding  iron  rails  by  Mr.  Bell,  whose 
remarks  should  be  studied  by  all  Engi- 
neers. 

Many  specifications  had  come  to  him 
from  Railway  Engineers  ;  and  though 
some  of  them  had  exhibited  great  practi- 
cal knowledge,  others  had  been  so  defi- 
cient that  he  had  been  utterly  at  a  loss 
how  to  make  the  rails.  Much  had  been 
said  about  the  difference  between  iron 
and  steel,  but  he  thought  that  a  vast  deal 
depended  upon  price,  upon  the  judgment 
of  Engineers,  and  the  advice  which  they 
gave  to  Railway  Directors.  When  a 
manufacturer  quoted  a  price,  he  believed 
that,  as  a  rule,  the  lowest  tender  would 
be  accepted.  He  knew  that  the  Railway 
Company  desired  to  get  the  best  apparent 
rail  at  the  lowest  cost,  and  he  might  be 
disposed  to  believe  that  some  of  the  con- 
ditions were  unnecessary.  The  North 
Eastern  Railway  Company  had  taken  the 
right  course  in  asking  a  manufacturer  to 
tender.  They  had  said  to  him:  "  We  will 
take  you  into  our  confidence,  although 
our  Engineers  have  issued  excellent  speci- 
fications, because  you  know  far  better 
how  to  manufacture  rails  than  we  can  be 
expected  to  do."  This  example  had  been 
followed  by  a  foreign  railway  company, 
and  the  results  in  both  cases  were  very 
satisfactory. 

The  question  was  one  of  great  impor- 
tance, inasmuch  as  it  concerned  the  safety 
of  the  lives  of  the  travelling  public.  He 
would  ask  whether  it  was  creditable  that 
there  should  be  issued  some  one  hun- 
dred and  fifty  different  specifications.  In 
France  that  was  not  the  case,  and  even 
in  America  a  uniform  specification  was 
adopted. 

In  regard  to  the  manufacture  of  Besse- 
mer rails,  a  good  deal  appeared  to  have 
been  taken  upon  assumption.  As  expe- 
rience of  steel  rails  extended  back  only 
some  5  or  6  years,  it  was,  he  submit- 
ted, somewhat  rash  to  assume  that  steel 
rails  would  of  necessity  last  60  years 
or  100  years.  Steel  rails  had  certainly 
the  advantage  of  being  more  homogene- 
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ous,  and   were   therefore   less   liable   to 
lamination,  yet  hardly  sufficient  regard 
appeared  to  be  paid  to  other  and  very 
important  considerations  relating  to  extra 
cost   and   the   possibility  of  having  bad 
steel  rails  as  frequently  as  bad  iron  rails. 
He  therefore  could  not  implicitly  receive 
the  statistics  which  had  been  referred  to. 
Mr.  Vignoles,  Vice-President,  thought, 
from  the  statements  that  had  been  made 
by  the   manufacturers   and   by   all   who 
were  best  acquainted  with  the  subject,  it 
might  be  concluded  that  if  a  rail  from  a 
homogeneous  material  could  be  produced, 
the  result  would  be  better  than  if  it  were 
produced  from  a  pile.     Engineers  knew 
perfectly  well  what  they  wanted,  although, 
perhaps,  not  being  practical  manufactu- 
rers of  the  material,  they  might  not  be 
able  to  dictate  the  best  way  of  arriving  at 
a  given  result.      Besides,  they  were  con- 
trolled to  a  great  extent  in  this  country 
by   Directors  as  regarded  expense,   and 
abroad   particularly   by   the   assumption 
that   foreign   Engineers    and    managers 
knew  a  great  deal  more  than  the  English 
Engineers  did.     Those  who  had  the  mis- 
fortune of  contending  with  people  half 
informed    on    technical   subjects,    which 
was  a  dangerous  thing,  would  know  how 
difficult  it  was  to  satisfy  the  requisitions 
of  the  foreign  Engineers,  or  of  those  who 
controlled   them.      Within   the   last  few 
clays  he  had  received  a  communication 
from  the  officials  of  one  of  the  most  im- 
portant Governments  in  Europe,  refusing 
to   allow    an     eminent   manufacturer   in 
England  to  replace  rails  made  by  him, 
which  had  been  condemned  on  unreason- 
able grounds.     In  order  to  resist  serious 
impact,  one  quality  of  iron  was  required, 
while  a  different  quality  was  called  for 
where  rails  had  to  sustain  a   load,  and 
those  two  perfectly  dissimilar  requisitions 
were   expected    to   be  combined   in   the 
same  rail.      A  rail  sufficiently  homogene- 
ous would  combine  those  qualities  to    a 
certain   extent.      No  doubt   a   steel  rail 
would  wear  better  than  one  of  iron,  and 
a  steel-headed  rail  would  wear  better  than 
an  iron  rail;  but,  in  the  latter  case,  the  dif- 
ficulty lay  in  combining  the  two.     He  ad- 
mitted that  the  best  iron  was  that  which 
would   weld  the  best;    but  it  had  been 
said  that  the  best  iron  could  be  obtained 
from  the  puddled  ball,  and  this  had  not 
hitherto    been   supposed    possible.      He 
would  be  willing  to  adopt  the  idea  of  ac- 


cepting a  guarantee  from  a  manufacturer 
as  to  the  quality  of  the  metal;  but  he 
would  like  to  know  the  price  at  which 
the  rails  were  to  be  produced,  and  also 
the  mode,  and,  as  far  as  possible,  the  re- 
sult of  the  wear  and  tear. 

Mr.  David  Forbes  observed,  that  in  all 
cases  homogeneous  metal  was  to  be  pre- 
ferred to  that  which  was   composed   of 
more  or  less  hard  and  soft  particles;  and 
therefore  it  became  in  the  first  place  a 
question  as  to   how   such   homogeneous 
metal  could  be  obtained.      Unless   iron 
could  be  brought  into  a  state  of  complete 
fusion,  it  would  not  be  practicable  to  get 
a  material  having  in  all  parts  the  same 
mechanical    structure,  or  the  same  me- 
chanical composition.     As  fused  iron  had 
not   yet  been  found   available,   recourse 
must  be  had  to  a  compound  which  was 
somewhat  more  fusible  and  easily  manu- 
factured, as,  for  example,  cast  steel,  which 
could  be  produced  by  the  Bessemer,  the 
Siemens,  or  any  other  good  process.  The 
question  became  then  one  of  price,  and 
in  that  respect  the  Bessemer  process  at 
present   had   the   advantage.     No  doubt 
good  steel  could  be  produced  from  bad 
materials;  though  in  the  present  state  of 
metallurgy  not  so  as  to  be  remunerative. 
It  was  quite  possible  to  take   the  worst 
cast  iron,  and  to  oxidize  so  much  of  it  as 
to  leave  a  residue  of  good  steel;  but  he 
considered  the  Bessemer  rails  had  suffer- 
ed in  the  estimation  of  Engineers  from 
the  attempts  that  had  been  made  to  use 
a  material  which  was  bad  and  unfitted  for 
the  purpose.     He  had  made  some  experi- 
ments which  had  been  suggested  by  the 
opinion  of  Mr.  Siemens,  that  instead  of 
using  a  steel  rail,  an  iron  one  containing 
phosphorus  might  be  employed.     The  re- 
sults showed  that  such  a  rail  would  be  an 
extremely  dangerous  one;  since,  although 
at  times  very  strong,  such  rails  were  lia- 
ble to  be  very  "  cold  short."   It  was  found 
extremely  difficult  to  get  the  phosphorus 
so   uniformly  disseminated   through  the 
mass  as  to  produce  in  all  parts  the  same 
hardness,    or   the   same  non-liability   to 
break.     The  main  point  was  to  insist  upon 
the  employment  of  a  good  raw  material 
for  the  production  of  the  Bessemer  steel. 
[to  be  continued.] 

The  street  lamps  of  Gottingen  were  lit 
simultaneously,  for  the  first  time,  on 
the  16th  of  March,  by  electricity. 
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NOMINAL  HOESE  POWER. 

Br  J.  McFARLANE  GRAV,  M.  I.  M.  B.  and  N.  A. 
From  the  "Nautical  Magazine." 


:  "Nominal  horse  power"  means  "a 
name  for  the  horse  power,"  and  no  other 
name  has  so  often  provoked  the  inquiry, 
"What's  in  a  name?"  Until  it  become 
law  that  children  shall  be  numbered  like 
magazines  in  order  of  their  publication,  it 
will  not  signify  whether  Tom,  Dick,  or 
Harry  be  the  designation  of  any  individual 
specimen  of  the  genus  homo.  These  are 
names  in  which  we  expect  to  find  nothing, 
and  we  are  not  disappointed.  But  the 
name  for  the  horse  power  of  an  engine 
ought  not  be  in  the  category  of  meaning- 
less words,  for  that  which  bears  the  stamp 
of  measurement  must  either  enlighten  or 
deceive. 

The  system  of  measurement  of  nominal 
horse  power  was  introduced  by  Watt,  and 
was  an  average  representation  of  the  actual 
horse  power  of  an  engine  at  that  time, 
when  7  lbs.  steam  was  thought  high  pres- 
sure. But  7  times  7  is  now  the  average 
pressure,  and  70  times  7  is  that  to  which 
many  think  we  are  drifting.  The  standard 
of  Watt  is,  therefore,  now  quite  inappro- 
priate, and  the  reply  to  "  What  is  in  it  ?" 
is,  "  It  tells  us  within  from  150  to  400  per 
cent,  what  is  the  indicated  horse  power  of 
the  engine." 

A  readjustment  of  the  standard  is  at  the 
present  time  a  great  desideratum,  and 
examples  of  the  shortcomings  of  the  com- 
mon rule  are  so  well  known,  that  I  need 
not,  to  fortify  my  proposition,  introduce 
here  any  illustrations  of  the  anomalies  in 
its  working.  The  safety  of  passengers  by 
ocean  steamers  prompts  some  action  on 
the  part  of  the  Board  of  Trade,  to  insure 
that  the  information  given  in  the  adver- 
tisement sheets  of  emigrant  steamers,  is 
reliable  in  respect  to  the  power  of  the 
machinery  available  to  keep  the  vessel  off 
a  lee  shore. 

I  submit  the  following  as  a  scheme  for 
the  rectification  of  the  standard  nominal 
horse  power  of  marine  engines  and  boilers : 

The  source  of  the  power  being  the  fuel, 
the  rate  at  which  that  can  be  consumed  is 
the  first  element  in  making  up  the  power. 
I  have  for  many  years  been  accustomed  to 
compare  the  steaming  power  of  marine 
boilers  with    the   total  width  of  furnaces 


simply.  I  have  found  that  the  tendency 
is  towards  this  simple  ratio,  1  ton  of 
steam  coals  per  day  consumed  per  1  ft.  of 
width  of  furnaces,  irrespective  of  the 
length  of  bar.  The  fire-grate  of  ocean 
steamers  has,  in  many  cases,  been  short- 
ened from  6  ft.  to  5  ft.  with  an  increase  of 
steam-raising  power.  To  all  rules  there 
are  exceptions,  and  to  this  there  is  or  was, 
a  few  years  ago,  a  very  remarkable  excep- 
tion. One  of  the  Folkestone  boats  had 
bars  11  ft.  long,  and  they  were  well  fired 
all  along.  But  this  which  was  practicable 
on  a  voyage  of  only  2  hours  would  be 
quite  impossible  in  a  voyage  of  days,  much 
less  weeks.  Higher  consumption  than  1 
ton  per  ft.  of  width  is  quite  common,  but 
only  where  the  boilers  are  originally  too 
small  for  the  duty  required  of  them,  and 
consequently  the  fires  have  to  be  forced,  to 
the  detriment  of  economy. 

The  next  element  in  the  power  is  the 
quantity  of  steam  raised  in  proportion  to 
the  weight  of  fuel  burnt.  I  will  assume 
that  the  boiler  is  properly  proportioned, 
and  make  no  allowance  for  deficiency  of 
heating  surface.  The  weight  of  steam  is 
the  weight  of  water  evaporated,  and  for 
this  may  be  taken  as  the  standard  of 
maximum  practical  efficiency  10  lbs.  of 
water  evaporated  by  1  lb.  of  steam  coal. 

The  next  element  is,  how  far  will  this 
steam  go  towards  horse  power?  At  a  little 
above  atmospheric  pressure,  viz.,  at  18| 
lbs.  above  zero,  35  lbs.  of  steam  per  hour 
will  give  1  indicated  horse  power  if  ap- 
plied without  loss,  and  without  back 
pressure,  and  without  expansion.  The 
number  35  is  one  already  appropriated  by 
engineers  for  another  purpose,  and  it  will, 
therefore,  be  the  more  easily  remembered 
for  this. 

At  higher  pressures  less  than  35  lbs.  of 
steam  would  give  1-horse  power  indicated. 
At  70  lbs.  gross  pressure  it  would  require 
only  32.36  lbs.  But  each  of  these  pounds 
would  contain  a  little  more  heat,and  would 
therefore  represent  also  a  little  more  fuel. 
Evaporating  from  feed  at  120  deg.,  the 
heat  to  be  added  to  make  18  lbs.  pressure, 
is  1,062  units  ;  and  to  make  70  lbs.,  1,086 
units  must  be  added.     This  brings   us  to 
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the  conclusion  that  the  indicated  horse 
power  at  the  higher  pressure  would  re- 
quire 6  per  cent,  less  heat  than  the  other. 

But  the  temperature  of  the  steam  at 
this  higher  pressure  would  be  80  deg.  in 
excess  of  the  temperature  at  the  lower 
pressure.  Efficiency  of  heating  surface 
depends  upon  the  difference  between  the 
temperature  of  the  water  in  the  boiler  and 
the  temperature  of  the  gaseous  products 
of  combustion.  The  conducting  power 
of  the  metal  is  also  reduced  by  increase  of 
temperature,  and  is  nearly  inversely  as  the 
absolute  temperature  of  the  conducting 
medium.  A  difference  of  80  deg.  will 
therefore  make  a  difference  of,  say,  also  6 
per  cent,  on  the  amount  of  heat  abstracted 
from  a  given  weight  of  fuel. 

The  extension  of  this  calculation  to 
higher  temperatures  gives  similar  results; 
we  may  therefore  assume,  as  being  practi- 
cally correct,  that  the  cost  in  fuel  for  1- 
horse  power,  without  expansion  and  with- 
out loss  or  back  pressure,  is  the  same  at 
whatever  pressure  the  steam  is  produced. 
Further,  we  may,  without  appreciable 
error,  take  this  cost  as  equal  to  the  cost 
of  35  lbs.  of  steam  produced  at  181  lbs. 

35 
pressure,  and  that  this  will  require  jjj=3.5 

lbs.  of  fuel. 

The  next  element  is  the  reduction  in 
efficiency  caused  by  the  loss  of  heat  in 
blowing  off  where  surface  condensation  is 
not  used.  As  this  loss  happens  to  be 
proportional  to  the  effect  of  the  steam 
when  used  expansively,  I  will  leave  it  to 
be  dealt  with  after  that  effect  has  been 
calculated. 

For  the  effect  of  expansion,  I  propose 
to  assume  that  in  every  case,  the  steam 
will  expand  in  the  cylinder  to  atmospheric 
pressure,  taking  that  as  exactly  15  lbs.  on 
the  sq.  in.  In  framing  a  rule  for  a  stand- 
ard such  as  this,  we  must  not  introduce 
any  factor  which  does  not  exist  as  a  defi- 
nite fact.  Now,  the  pressure  of  steam  for 
which  the  valves  are  loaded  is,  at  least  in 
passage  steamers,  a  quantity  so  fixed  that 
it  can  be  made  available  for  this  purpose. 
The  degree  of  expansion  will,  therefore, 
be  assumed  to  be  expressed  numerically 
by  the  gross  pressure  of  steam  in  boiler  in 
atmospheres  of  15  lbs.     Example,  60   lbs. 


steam  by  gauge  is 


60  +  15 
15 


5  atmospheres, 


and  the  expansion   wrould  be  taken  as  5 
times. 
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The  effect  of  a  given  quantity  of  steam 

is,  by  expansion,  increased  by  the  follow- 

9 
ing  multiplier,  10  — ,  where  B=ratio   of 

expansion,  when  the  steam  is  used  without 
adding  heat  to  it,  or  abstracting  heat  from 
it.  As  any  addition  of  heat  would  be,  ill 
general,  by  steam  jacketing,  and,  there- 
fore, would  have  to  be  drawn  from  the 
steam  itself,  we  may  apply  this  formula  to 
our  purpose  as  being  nearly  true,  whether 
there  is  or  is  not  a  steam  jacket. 

This  multiplier  contains  a  radical,  and, 
in  this  form,  is  unsuitable  for  the  calcula- 
tion of  a  standard  nominal  horse  power. 
As  a  practical  approximation  to  this  mul- 
tiplier, I  have  constructed  the  following 
simple  rule,  applicable  only  to  expansion 
from  2  up  to  8  times  : 

Bule  :  From  the  number  18  subtract 
the  ratio  of  expansion,  multiply  by  the 
ratio,  divide  by  40  and  add  .85,  or 


R  (18-R) 
40 


.85  =  effect  of  expansion,  as 


a  multiplier,  which  we  will  write  =  E. 

The  following  table   shows  the  degree 
of  approximation  attained  by  this  rule  : 


R 


('•-£)    •-    (-+*^-R) 


2 

...  1.667   

1  650 

3 

...  2  034   

1 . 975 

4 

...  2.284   

2.250 

...  2.474   

2.475 

6 

...  2.625   

2  650 

7 

...  2 . 750   

2  775 

8  .... 

...  2.856   

2 . S50 

For  steam  above  120  lbs.  gross  the  for- 
9 

mula  E  =10—  — r  can  be  used. 
Rd 

By  introducing  more  complicated  con- 
stants, a  closer  approximation  might  have 
been  obtained,  but  to  do  so  would  be  ob- 
jectionable. 

It  is  requisite  to  have  this  rule  in  terms 
of  pressure,  the  expansion  being  carried 
to  atmospheric  pressure  =  15  lbs. 

Bale  :  From  270  deduct  the  gross  pres- 
sure, multiply  by  the  gross  pressure,  divide 
by  9,000,  and  add  .85.  Or,  writing  P  for 
gross  pressure — 

P(270-P) 


9U00 


.85  =  effect  of  expansion  as  a 


multiplier. 

But  this  rule  takes,  as  yet,  no  notice  of 
loss  by  back  pressure  or  by  radiation,  or 
from  the  variations  in  the  temperature  of 
the  surface  of  the  cylinder.     The  loss  by 
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back  pressure  per  se  should  be  propor- 
tionately less  as  the  pressure  P  increases. 
But  the  other  losses  will  then  be  propor- 
tionately greater.  When  expansion  is 
carried  further  than  to  15  lbs.,  there  will 
in  general  be  an  increased  effect  produced, 
the  loss  by  back  pressure  will  be  propor- 
tionately more,  but  the  external  radiation 
will  not  be  increased.  Upon  the  whole, 
therefore,  I  assume  as  a  convenient  ap- 
proximation not  far  from  the  truth,  that, 
including  average  deficiency  in  boiler,  the 
total  loss  of  effect  will  be  one-fourth  of  the 
evaporating  power  of  the  boiler.  We  have, 
therefore,  to  reduce  the  efficiency  of  the 
fuel  from  10  lbs.  of  steam  to  7|  lbs.  of 
steam  per  lb.  of  coal.  Dividing  35  by  7.5 
we  get  4§-  lbs.  of  coal  for  an  indicated 
horse  power,  without  expansion  and  with- 
out loss.     From  the  ton  of  coal  per  ft.  of 

furnace  front  we  will  therefore  have  — - — - 

24X4§ 

=  20-horse  power  per  ft.  of  front. 

I  propose  that  this  become  the  nominal 
horse  power  of  the  boiler,  20  times  the 
total  width  of  furnaces  in  feet. 

I  now  return  to  the  loss  by  blowing  off, 
where  surface  condensation  is  not  used. 
Evaporating  from  feed  water  at  tempera- 
ture 120  deg.,  and  maintaining  the  salt- 
ness  of  the  water  in  the  boiler  at  twice 
that  of  sea  water,  the  heat  required  per 
lb.  of  steam  made  is  (writing  t  for  tem- 
perature)— 

The  latent  heat 1113  —  .7  t  |  in  the  steam 

Increase  of  temperature— 120  -\-     i\      used. 

"  "        "        —120  4-     t  in    the    water 

blown  off. 

Sum 873  -f-1.3  t  total  expendi- 
ture. 
f-120 

We  have,  therefore,  ■ =  expense  of 

'1.3  t-f-873  l 

blowing  off  in  parts  of  the  total  effect  of 
the  fuel.     Calculating  this  we  have 

At  pressure  =  1  atmosphere  8  per  cent.  loss. 

"         "  2  atmospheres  10        "         " 

3  "  12.5     " 

5  "  14.7     " 

"  8  "  16.8     " 

On  referring  to  the  table  given  before 
for  the  effect  of  expansion,  it  will  be  found 
that  these  numbers  are  just  6  times  those 
given  for  the  effect  of  expansion.  In  gen- 
eral, all  new  engines  have  surface  con- 
densers, and  for  these  there  wrill  be  no 
reduction  for  blowing  off.  There  is,  how- 
ever, always  some  loss  from  this,  even  with 
surface  condensers;  but  this,  and  a  sup- 
posed equal  amount  by  w7hich  in  practice 


the  blowing  off,  without  surface  conden- 
sers, will  in  practice  exceed  the  rule  I 
have  given,  I  include  in  the  one-fourth 
deducted  for  losses  in  general. 

If  we  write  E  for  the  effect  of  expansion, 
we  have  for  the  effect  of  blowing  off  the 
salt,  the  multiple,  which  we  will  write 


S  = 


100-6  E 
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We  have  now  reached  the  engine,  and 
the  only  measurement  of  which  we  can 
make  any  use  is  the  diameter  of  the  cylin- 
der. The  speed  of  the  piston,  the  degree 
of  expansion,  the  proportion  between 
cylinders  in  compound  engines,  the  size 
of  intermediate  receiver,  the  angle  of  the 
cranks,  are  all  to  some  extent  elements 
involved  in  the  expression  of  the  horse 
power  of  the  engine  ;  but  these  in  differ- 
ent engines  vary  so  indefinitely  that  no 
standard  can  be  based  upon  them.  Know- 
ing well  that  the  engine  would  slip  from 
me,  I  took  the  firmer  hold  upon  the  boil- 
er, so  that  we  would  be  almost  indepen- 
dent of  the  engine,  so  far  as  mere  power 
of  machinery  is  inquired  after. 

The  rule  at  present  adopted  for  nomi- 
nal horse  power  is  30  circular  in.  of  piston 
per  nominal  horse  power,  including  all 
cylinders.  This  is  the  commercial  nomi- 
nal horse  power  on  the  Clyde  and  in  the 
North  of  England.  It  represents  the  horse 
power  of  7  lbs.  effective  pressure  per  sq. 
in.,  and  a  speed  of  piston  200  ft.  per  min. 

But  on  the  Thames  the  nominal  horse 
power  is  taken  at  the  same  pressure,  7  lbs., 
and  at  a  speed  of  piston  contracted  for. 
Eighteen  or  20  circular  in.  of  piston,  some- 
times less,  is  there  a  nominal  horse  power. 

I  propose,  as  nominal  horse  power  of 
engine,  10  circular  in.  of  piston  area, 
counting  only  the  low-pressure  pistons  in 
compound  engines.  This  corresponds 
with  300  ft.  piston  speed,  and  14  lbs.  pres- 
sure effective. 

The  high  pressure  cylinders  do  not  add 
to  the  power  of  the  engine.  A  horse  is 
no  higher  because  you  have  used  a  step- 
ping-stone to  get  on  his  back  ;  the  stone 
is  not  added  to  the  height  of  the  horse. 
So  with  the  compound  engine  ;  the  high- 
pressure  cylinder  is  only  a  stepping-stone 
dividing  the  work  to  be  done,  but  not 
adding  to  it.  To  include  all  the  cylinders 
may  or  may  not  be  a  convenience  in  the 
buying  and  selling  of  engines,  but  in  a  rule 
for  horse  power  it  introduces  confusion, 
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and  I  apprehend  that,  even  commercially, 
the  high-pressure  cylinders  have  no  more 
claim  to  be  included  than  the  surface  con- 
densers, or  any  other  adjunct  distinguish- 
ing a  type  of  engine. 

As  nominal  indicated  horse  power,  I  pro- 
pose to  add  together  the  nominal  horse 
power  of  the  boiler  and  the  nominal  horse 
power  of  the  engine.     That  is 

N.I.H.P.=  ^-  +  20F, 

where  D2  is  the  sum  of  the  squares  of  the 
diameters  of  the  cylinders,  and  where 
there  is  surface  condensation.  "When 
there  is  not  surface  condensation  the 
pressure  will  seldom  exceed  301bs.  steam 
by  gauge,  and  I  therefore,  neglecting  the 
the  pressure,  write 

N.I.H.P.=^+17£F, 

where  there  is  jet  condensation. 

This  rule  will  run  to  be  nearly  equal  to 
taking  the  speed  of  piston  at  200  ft.,  and 
the  effective  pressure  at  28  lbs.  per  sq.  in. 
The  pressure  is  high,  but  800  is  now  a 
low  speed,  and  as  the  rule  is  not  expected 
to  be  the  true  measure  of  power,  but  only 
an  understood  and  convenient  standard 
of  reference,  its  position,  a  good  deal  above 
the  old  school  and  a  little  below  the  new 
practice,  may  be  found  a  suitable  one. 

But  I  have  also  given  a  rule  for  nominal 
expansion  horse  power.  I  propose  that 
this  should  differ  from  nominal  horse 
power  of  engine,  and  take  notice  of  the 
pressure  to  which  the  safety-valves  ai*e 
loaded.  I  do  not  think  it  necessary  that 
all  of  these  should  be  established  as  rules, 
bat  I  have  brought  them  forward  under 
distinct  names  to  show  the  different  ways 
in  which  we  might  work  out  the  required 
improvement  in  nominal  horse  power. 
In  applying  the  rule  for  nominal  expansion 
horse  power,  I  propose  to  alter  the  value 
of  P  in  the  proportion  that  the  nominal 
horse  power  of  the  engine  is  greater  or 
less  than  that  of  the  boiler.  Tne  reduc- 
tion for  blow-off  will  also  be  made  on  the 
altered  P  for  convenience  in  working  out  the 
calculation,  and  also  because  that  by  doing 
so  we  slightly  increase  the  effect  when  the 
degree  of  expansion  is  reduced,  and  de- 
crease the  effect  when  the  degree  of  ex- 
pansion is  unduly  increased.  When  there 
is  not  surface  condensation,  there  is  not 
this  compensating  element  in  the  rule. 
But  it  will  generally  be  found  that  where 


surface  condensation  is  used,  the  engines 
will  be  fitted  with  steam  jackets  and  other 
adjuncts,  which  will  maintain  the  efficien- 
cy nearly  equal  to  that  given  by  the  rule 
when  the  engines  are  larger,  and  will  not 
be  so  much  required,  although  still  costing 
nearly  as  much  when  the  engines  are 
smaller.  Therefore,  the  diminished  loss 
by  back  pressure  is  in  a  measure  counter- 
balanced by  the  greater  proportional  cost 
of  jacketing  and  other  adjuncts.  I  there- 
fore think,  that,  without  erring  in  a  great 
degree,  we  may  throughout  apply  the  rule 
as  for  a  constant  proportion  of  loss. 

The  following  condensed  statement  of 
these  rules  and  explanation  of  the  letters 
and  examples  will  make  clearer  what  has 
been  discussed  in  this  paper: — 

D3  =  Sum  of  squares  of  diameters  of  cylinders 
— (do  not  include  the  high-pressure  cylinders  of 
compounds). 

F  =  Sum  of  widths  of  furnaces  in  feet. 

20  F  =  Nominal  horse  power  of  boiler. 

=  Nominal  horse  power  of  engine. 

-f-  20  F  =  Nominal    indicated  horse  power 

wth  surface  condensation. 

D'2 

—  +  17£  F  =  Nominal  indicated  horse  power 

with  jet  condensation. 

To  illustrate  these  rules,  take  a  pair  of 
surface  condensing  engines,  72  in.  cylin- 
ders with  boilers  having  76  ft.  total  width 
of  furnaces. 

D2  =72  X  72  X  2  =  10363. 

Nominal  horse  power  of  engines  —  77r=  1036.8 


10 

— 
10 


in 


Nominal  horse  power  of  boilers  20 
X  76 


j-  =1520 


Nominal  indicated  horse  power 2556.8 

Again,  take  two  sets  of  compound  en- 
gines, low  pressure  cylinders  78  in.  boil- 
er, having  72  ft.  total  width  of  furnaces. 

D2  =78X  78  X  2  =  12168. 

Nominal  horse  power  of  engines=—  =1216 .  S 

Nominal  horse  power  of  boilers=  (_  1lin 

80X72 J  —  liiu 


Nominal  indicated  horse  power =2656,8 

These  results  agree  very  closely  with 
what  is  the  average  indicated  horse  power 
in  engines  corresponding  to  these  dimen- 
sions, and  I  think  they  satisfy  almost  every 
condition  essential  for  a  system  of  nomi- 
nal horse  power  of  marine  engines.  The 
calculation  is  simple,  the  data  are  fixed 
quantities  generally  known,  and   the  re- 
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suits  agree  fairly  with  average  practice. 
Further,  the  present  nominal  horse  power 
cau  be  easily  transferred  into  the  above. 

The  other  part  of  my  paper  is  written  in 
reply  to  those  who  may  seek  a  rule  that 
will  take  notice  of  pressure  and  expansion. 
If  it  is  thought  desirable  to  include  these 
as  elements  in  the  calculation,  the  follow- 
ing are  the  rules  I  offer  : 

Di  and  F  are  used  as  above. 

P  =  Gross  pressure  on  safety  valve,  including 
atmosphere  =  15  lbs. 
_    D*    p 

P       200  F     * 

E  =  Effect  of  expansion  as  a  multiplier,  and  is 
the  "Nominal  Steam  Coefficient." 

E=      (270-P)+  ^ 

r     youo     ' 
S  =  Proportion  of   evaporative  power  of  fuel 
available,  after  deducting  for  the  blowing  off  the 
salt  when  there  is  not  a  surface  condenser. 
100-6  E. 


S= 


iou 


Nominal  expansion  horse  power  =  20  F  E,  with 
surface  condensation. 

Nominal  expansion  horse  power=20  F  S  E,  with 
jet  condenser. 

Take  the  same  examples  as  before  ;  two 
cylinders  72  in.  ;  total  furnace  width  = 
76  ft.  ;  steam  40  lbs.,  with  surface  con- 
densers. 

P  =  40  +  15  =  55. 


D- 


P  = 


200  F 


P==72X72X2X  55=37.5. 


(270-p) 
*    yuoo     ' 


aoo  X   ID 
37.5(270-37  5) 


yooo 


+  .85  =  1.8187 


This  represents  the  nominal  steam  co- 
efficient, and  41  divided  by  this  will  give 
the  nominal  consumption  per  indicated 
4.fififi 


horse  power — viz., 
Tiour. 


1.8iS< 


2.56  lbs.  per 


Nominal  expansion  horse  power,  or  N. 
E.H.P.  =  20  X  76  X  1-8187  =  2764. 

And  if  with  jet  condensation,  it  would 
be  this  multiplied  by  S: 

S  =  100-f6Xlf87U.891. 

1«  0 

N.  E.  H.  P.  =  2764  X  •  891  =  2463. 

Try  now  the  compound  engine,  the 
same  as  before,  78  in.  cylinders,  72  ft.  of 
furnace  width,  steam  60  lbs. 

P  =  60+15  =  75. 


D2 


P~  : 


200  F 


78  X  78  X  2 


E=£g--%86=g8-4(2,;;:63-4)+.85=2.30 


9000 


yooo 


This  is  the  nominal  steam  coefficient, 
and  4§  divided  by  2.3  gives  2.024  lbs.  the 
nominal  consumption  per  indicated  horse 
power  per  hour.  Nominal  expansion 
horse  power  or  N.E.H.P.=20X72><2.3= 
3,312. 

These  results  2,764  and  3,312  agree  very 
closely  with  the  maximum  indicated  horse 
power  of  engines  having  these  dimensions. 
I  have  not  referred  at  all  to  non-condens- 
ing engines.  When  the  rule  for  the  others 
has  been  finally  fixed,  it  will  be  easy  to 
make  a  modification  of  it  applicable  to 
non-condensing  engines  with  a  blast 
draught. 

In  conclusion,  I  beg  leave  to  state  that 
I  offer  what  I  have  written  on  this  subject 
as  a  contx'ibution  towards  a  settlement  of 
the  question — not  as  the  settlement  itself. 
I  shall  be  glad  if  by  the  publication  of 
this  paper  others  of  more  ability  are  in- 
duced to  take  this  matter  in  hand,  and  by 
their  influence  secure  the  general  adoption 
of  reasonable  rules  for  nominal  horse 
power. 


INDIAN  BBIDGES. 

From  "The  Engineer." 


It  is  a  trying  thing  for  an  engineer  to 
find  that  good  and  substantial  bridges 
erected  across  rivers,  which  fulfil  every 
duty  demanded  of  them  during  one  sea- 
son of  the  year,  are  utterly  inadequate  to 
discharge  those  which  fall  to  their  lot 
during  another.  The  remedy,  which  at 
first  sight  would  appear  simple  and  obvi- 
ous, would  be  to  build  a  bridge  which 
would  withstand  the  influence  of  all  the 
annual  vicissitudes  to  which  it  might  be 


subjected.  The  conditions  involved  in 
this  question  are  too  numerous  and  too 
various  to  be  easily  disposed  of.  As  may 
be  surmised,  the  difficulty  is  one  princi- 
pally of  foundations  rather  than  of  super- 
structures. The  two  extremes  of  drought 
and  flood  which  occur  periodically  in  In- 
dia have  in  many  instances  baffled  all  at- 
tempts to  establish  permanent  bridges 
over  some  of  the  rivers.  At  one  time  the 
stream  may  be  forded   almost   dry-shod, 
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while  at  another  the  channel  exhibits  all 
the  violence  and  fury  of  a  perfect  torrent. 
Were  the  difficulty  restricted  to  merely 
resisting  a  rush  of  water  against  the  piers 
and  abutments  it  would  not  be  of  a  very 
formidable  character,  but  there  is  a  ca- 
priciousness  in  the  manner  in  which  the 
flood  waters  of  Indian  rivers  behave,  to 
which  all  those  who  have  not  witnessed 
it  are  entirely  unaccustomed.  The  late 
sweeping  away  of  railway  bridges  and 
embankments  in  the  northwestern  prov- 
inces of  India  afforded,  unfortunately, 
but  too  many  examples  of  the  peculiar 
scouring  and  undermining  power  of  floods. 
In  some  instances  the  course  of  the  river 
was  completely  changed,  and  abutments 
which  were  originally  connected  with  the 
mainland  were  left  standing  alone,  like 
small  islands,  in  the  middle  of  the  stream. 
Piers  which  were  got  in  during  the  dry 
season,  and  sunk  to  a  depth  in  the  bed  of 
the  channel  which  appeared  to  render  it 
impossible  for  them  to  be  ever  disturbed 
were  scoured  out,  undermined,  and  tum- 
bled headlong  into  the  river,  carrying,  as 
a  matter  of  course,  the  superstructure 
with  them.  While,  on  the  one  hand,  it 
cannot  be  denied  that  there  are  engineers 
of  experience  in  India  who  are,  or  who 
ought  to  be,  thoroughly  acquainted  with 
these  local  difficulties,  yet,  on  the  other, 
it  is  equally  incontrovertible  that  both 
the  design  and  construction  of  works  of  a 
most  important  character  are  constantly 
intrusted  to  men  who  are  perfectly  new 
to  the  country.  It  is  not  to  be  wondered 
at,  therefore,  that  however  well  suited  the 
works  might  be  to  the  requirements  of 
one  country,  they  should  be  inadequate 
to  those  of  another.  The  question  which 
will  now  present  itself  is,  whether  engi- 
neers intended  for  service  in  India  should 
not  be  specially  trained  there,  in  order 
that  they  should  be  able  to  acquire  the 
knowledge  of  the  physical  peculiarities  of 
the  country,  which  can  alone  enable  them 
to  design  and  construct  permanent  and 
efficient  engineering  and  architectural 
works?  This  is  a  matter  into  which  we 
shall  not  enter  at  present. 

When  the  foundations  are  so  insecure 
as  to  jeopardize  the  safety  of  the  super- 
structure, the  obvious  course  to  pursue  is 
to  diminish  as  much  as  possible  the  num- 
ber of  the  piers,  so  as  to  present  the 
smallest  amount  of  resistance  to  the  nat- 
ural violence  of  the  torrent,  or  to  the  in- 


sidious action  of  the  water  upon  the  bed 
of  the  river.  By  throwing  a  bridge  of  a 
single  span  across  a  river  the  necessity 
for  intermediate  piers  is  removed  ;  but 
this  solution  of  the  difficulty  can  only  ob- 
tain in  exceptional  instances,  and  is  not 
susceptible  of  a  general  application.  An- 
other method  of  effecting  the  same  ob- 
ject is  to  employ  a  floating  or  pontoon 
bridge.  This  description  of  bridge  has 
been  proposed  for  crossing  the  Hooghly 
in  the  vicinity  of  Calcutta,  and,  failing  any 
better  plan  for  accomplishing  the  commu- 
nication from  shore  to  shore,  will,  in  all 
probability,  be  adopted.  The  idea  is  evi- 
dently identical  with  that  of  the  old 
bridge  of  boats.  In  certain  situations — 
such,  for  example,  where  the  rush  of  wat- 
er during  flood  time  was  necessarily  vio- 
lent— a  bridge  of  boats  would  not  answer. 
Neither  could  it  be  used  in  localities 
where  the  bed  of  the  river  was  of  a  rocky 
character,  as  it  would  be  nearly  impracti- 
cable to  secure  the  moorings,  except  at 
considerable  cost.  It  must  be  admitted 
that  a  pontoon  bridge  presents  many  in- 
conveniences and  disadvantages  which 
have  to  be  taken  into  account.  In  its 
simplest  form  it  consists  of  a  number  of 
boats  either  moored  together  in  contact 
or  at  certain  intervals,  and  riding  with 
double  prows,  so  as  to  offer  but  little  ob- 
struction to  the  stream  or  tide.  The  in- 
tervals are  spanned  by  girders  or  small 
bridges,  some  of  which  must  be  movable 
in  order  to  allow  of  the  passage  of  vessels 
when  required.  Wherever  the  bridge 
crossed  a  tidal  river  special  arrangements 
would  be  necessary  to  insure  constant 
connection  with  the  shores,  something  af- 
ter the  fashion  that  prevails  in  our  own 
landing  places  on  the  Thames.  This  is 
comparatively  an  easy  matter  so  long  as 
accommodation  for  foot  passengers  alone 
has  to  be  provided  for  ;  but  it  assumes  a 
different  aspect  when  the  bridge  is  to 
serve  for  the  purposes  of  general  traffic, 
some  of  which  must  necessarily  be  of  a 
very  heavy  description.  A  pontoon  bridge 
is  continually  liable  to  be  damaged  by 
vessels  which  have  got  adrift.  If,  as 
sometimes  occurs,  the  erection  of  a  few 
piers  in  a  river  is  considered  seriously  to 
interfere  with  the  navigation,  the  sup- 
posed obstacle  is  increased  to  the  greatest 
extent  when  the  whole  cross  section  of 
the  channel  is  encumbered  with  a  bridge 
placed  a  Jieur  d'eau. 
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Omitting   all   further  consideration  of 
the  description  of  bridge  we  have  briefly 
alluded  to,  the  only  remaining  plan  •which 
enables  the  pitrs  to  be  dispensed  with,  is 
to  erect  the  structure  in  a  single  span.    If 
this  be  a  matter  of  necessity,  as  experi- 
ence has  shown  it  to  be  in  numerous  in- 
stances, the   question  of   cost  is  at  once 
eliminated  from  the  discussion,  as  it  is 
the   principle  alone  which  claims   atten- 
tion.    It  is  generally  admitted  now  that, 
except  where  no  other  means  were  avail- 
able, an  engineer  does  not  consider  him- 
self justified  in  employing  bridges  of  very 
large  span.     It  appears  that  in  India  the 
necessity  for  bridges  of  single  and  conse- 
quently large  span,  does  exist,   and  the 
question  of  first  cost  becomes  merged  into 
ttiat  of  relative  economy.     In  a  word,  is  it 
cheaper,  in  the  long  run,  to  incur  a  large 
expenditure  in  the  erection  of  bridges,  or 
to  pay  periodically  for  the  renewal  and 
re-construction  of  those  which,  in  the  first 
instance,  are  not  so  expensive  ?     This  is  a 
matter   for   the   railway  companies,  who 
have  seen  their  bridges  and  embankments 
swept  away  and  gaps  made  in  their  lines 
which   will    interrupt   the   continuity   of 
their  traffic  for  a  year  or  more.     As  there 
are  very  few  of  the  important  Indian  riv- 
ers which  could  be  crossed  by  a  bridge  of 
one  span — that  is,  in  which  all  piers  could 
be  dispensed  with — the  chief  point  to  be 
aimed  at  is  to  diminish   the   number  of 
piers  as  much  as  possible.     When  we  can- 
not altogether  remove  the  cause  of  dan- 
ger, the  next  best  thing  to  do  is  to  lessen 
the  chances  of  its  occurring.     The  fewer 
the  piers  the  fewer  the  number  of  open- 
ings or  spans,  and  consequently  the  larger 
must  be  their  respective  dimensions.    This 
brings  us  at  once  to  the  question,  what  is 
the  largest  span  that  can  be  used  consist- 
ently with  safety  ?     It  is  not  the  largest 
economical   span   that  has  to  be  consid- 
ered, because,  as  we  are  discussing  a  prin- 
ciple, the  cost,  facilities  for  erection,  and 
other  particulars  which  materially  affect 
the  construction  of  bridges,  are  irrelevant 
to  the  matter  at  issue;  but  absolutely  the 
largest  span  which  can  be  put  up.     This 
again  depends  upon  the  type  of  bridge 
adopted.     That  which  admits  of  the  larg- 
est span,  irrespectively  of  all  other  condi- 
tions, is  unquestionably  the  suspension 
bridge  ;   but  this  system  has  not  hitherto 
been   proved   to  be  adequate  to   the  re- 
quirements of  railway  traffic.     "Whether  it 


ever  will  be  is  a  subject  for  future  deter- 
mination, and  one  which  will  not  be  satis- 
factorily demonstrated  by  any  other  means 
than  by  an  actual  practical  experiment. 
By  a  bridge  adequate  to  the  requirements 
of  railway  traffic  we  mean  a  structure 
which  would  allow  the  Scotch  express  to 
cross  it  at  full  speed,  and  not  one  that 
will  merely  allow  a  train  to  crawl  over  it 
at  the  rate  of  4  or  5  miles  an  hour.  In- 
verting the  shape  and  reversing  the  strains 
of  the  suspension  bridge  gives  the  arch 
which  is  theoretically  applicable  to  large 
spans.  The  conditions  of  headway  and 
other  practical  disadvantages  virtually 
render  this  system  quite  as  unsuitable  as 
the  former.  Moreover,  in  the  case  where 
torrents  and  floods  are  concerned,  it  may 
be  accepted  that  a  horizontal  soffit  is  that 
best  adapted  to  the  situation. 

The  point  which  it  seems  most  desira- 
ble to  arrive  at,  in  the  interests  of  perma- 
nent bridge  building  in  certain  districts  of 
our  Indian  empire,  is  the  limiting  span  of 
a  horizontal  girder.  The  present  practi- 
cal limit  is  that  of  the  largest  span  of  the 
Britannia  Bridge  over  the  Menai  Straits, 
which  amounts  to  460  ft.  Notwithstand- 
ing that  we  have  made  considerable  prog- 
ress in  the  manufacture  of  iron,  and  in 
the  designing  and  construction  of  bridges 
generally,  since  Stephenson's  time,  yet  his 
great  work  still  remains,  in  this  particu- 
lar, an  unrivalled  example  of  engineering 
skill  and  boldness.  In  that  instance,  as 
well  as  in  those  which  have  been  alluded 
to  in  this  article,  there  was  an  absolute 
necessity  for  a  bridge  of  large  span. 
There  was  no  possible  method  of  getting 
over  the  Straits  without  its  adoption.  It 
may  be  urged  that  the  largest  spans — 
namely,  those  of  460  ft.  in  length — might- 
have  been  somewhat  reduced  by  selecting 
a  different  route  for  the  line,  and  crossing 
via  the  Swilly  instead  of  via  the  Britannia 
rock.  But  as  it  is  not  quite  certain  whether 
this  comparative  saving  could  have  been 
effected,  it  is  more  generous  to  give  the 
eminent  engineer  the  award  due  to  his 
energy  and  ability  than  to  detract  from 
his  merit  by  statements  which  are  more 
specious  than  real.  The  limits  to  the 
span  of  a  bridge — or,  what  amounts  to 
the  same,  the  limit  to  the  length  of  a  gird- 
er—  will  depend  upon  the  material  of 
which  it  is  constructed.  Bearing  in  mind 
that  we  are  speaking  solely  of  girders  ca- 
pable of  carrying  locomotive  traffic,  the 
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limit  of  span  when  cast  iron  is  employed 
is  very  speedily  reached  in  practice.  This 
is  no  doubt  owing  more  to  the  want  of 
faith  that  engineers  feel  in  the  safety  of 
the  material  than  in  any  real  deficiency  of 
its  own.  If  perfectly  sound  castings  could 
be  procured — as,  in  our  opinion,  might  be 
by  the  exercise  of  proper  care  and  pre- 
caution— the  application  of  cast  iron  to 
railway  girders  might  be  considerably  ex- 
tended. Although  there  are  numerous 
examples  of  cast  iron  girders  in  the  older 
railway  bridges  in  the  vicinity  of  London 
having  spans  of  60  ft.  and  70  ft.,  that  have 
done  their  duty  for  many  years,  yet  it  is 
rare  that  one  of  those  dimensions  is  erect- 
ed now.  Engineers  have  either  grown 
more  timorous,  or  else  have  less  confi- 
dence than  formerly  in  the  resources  of 
the  foundry.  It  has  been  proved  by  ex- 
periment that  so  long  as  the  permanent 
way  of  the  line  is  kept  in  gockl  order,  and 
the  rolling  stock  also,  there  is  not  so 
much  to  dread  in  the  force  of  impact  as 
has  been  sometimes  supposed. 

But  in  order  to  obtain  a  girder  of  a 
length  which  will  afford  some  hope  of 
spanning  a  river  of  considerable  width  at 
one  leap,  recourse  must  be  had  to  the 
great  constructive  material  at  the  disposal 
of  engineers — namely,  wrought  iron.    The 


limit  to  the  length  of  a  girder  will  vary  as 
the  proportion  of  the  span  to  the  depth, 
the  weight,  and  the  factor  of  safety  used 
in  calculating  its  strength.  Mr.  Stoney, 
a  good  authority  on  this  subject,  estimates 
that  the  practical  limit  to  the  length  of  a 
wrought-iron  lattice  girder  is  attained  at 
700  ft.,  which,  it  must  be  admitted,  is  a 
very  respectable  span.  But  a  still  further 
increase  in  the  length  of  a  girder  could  be 
obtained  by  the  use  of  steel,  plates  of 
which  material  are  now  manufactured 
nearby  as  cheaply  as  the  best  descriptions 
of  wrought  iron,  and  possess  the  advan- 
tage of  being  nearly  twice  as  strong. 
With  a  safe  working  tensile  strain  of  8 
tons  per  sq.  in.,  which  is  a  low  value,  it  is 
not  too  much  to  assert  that  there  would 
be  no  real  difficulty  in  building  steel  gird- 
ers 1,000  ft.  in  length.  A  bridge  of  5 
spans  to  the  mile  would  have  little  to  fear 
from  the  interruption  of  the  waterway,  or 
the  effect  of  a  Hood.  A  few  more  years 
will  suffice  to  show  whether  the  policy  of 
adoption  of  bridges  of  large  spans  in  In- 
dia will  not  prove  better  economy  in  the 
end  than  the  erection  and  subsequent  re- 
pair and  renewal  of  comparatively  smaller 
works,  which,  when  exposed  to  the  vio- 
lence of  floods,  have  already  afforded  such 
signal  instances  of  complete  failure. 


ON  THE  CONSTRUCTION  OF  VESSELS,  IN  RELATION  TO  THE 
CHANGED  MODES  OF  NAVAL  WARFARE. 

By  Captain  JOHN  HARVEY,  R.N. 
From  "The  Journal  of  the  Society  of  Arts." 


As  the  Council  of  our  Institution  have 
directed  attention  to  the  building  of  ves- 
sels for  coast  defence,  and  to  the  effect 
that  torpedoes  may  have  on  naval  con- 
struction, I  venture  to  express  opin- 
ions I  have  long  entertained — and  in 
which,  I  should  add,  I  am  not  singular — 
as  to  the  change  that  the  employment  of 
torpedoes  will,  in  all  probability,  induce 
in  the  navies  of  maritime  States. 

Though  the  torpedo  is  not  a  novelty, 
its  destructive  capabilities  were  not  duly 
appreciated  till  the  late  American  conflict, 
when,  of  the  war  vessels  disabled  or  de- 
stroyed, about  three-fourths  of  them  were 
so  disposed  of  by  torpedoes;  cannon  were 
comparatively  inoperative .  The  torpedoes 
used  by  the  Americans   were,  however, 


not  the  perfect  war  engines  they  now  are; 
and,  moreover,  they  were  mostly  of  a 
stationary  kind,  consequently  were  only 
operative  when  a  hostile  vessel  came  in 
contact  with  them,  or  within  their  sphere  of 
operative  action,  which,  unless  the  charges 
they  contain  are  extraordinarily  large  and 
energetic,  is  veiw  limited.  We  have  now 
to  deal  with  torpedoes  that  will  be  used 
actively,  and  which  admit  of  extensive  ap- 
plication. The  defence  of  our  seaboard 
is,  doubtless,  an  important  matter  ;  but 
our  commercial  marine  is,  perhaps,  no 
less  important,  and  to  which  we  should 
look,  as  it  is  thought  to  be  our  vulnerable 
point;  for  in  the  present  state  of  naviga- 
tion, it  is  much  more  difficult  of  protection 
than  it  was  in  days  past. 
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If,  therefore,  I  have  taken  a  correct 
view  of  the  subject,  I  should  advise  the 
construction  of  3  classes  of  vessels,  ex- 
pressly  for  torpedo  service  :  one  class  for 
harbor  and  river  service,  another  for 
service  in  the  narrow  seas,  and  another 
for  service  upon  the  ocean  and  for  foreign 
parts.  Those  for  harbor  service  and  the 
narrow  seas,  I  would  propose  should  be 
built  of  iron;  they  should  be  comparative- 
ly small,  ranging  between  50  and  300  tons. 
Vessels  for  ocean  and  foreign  service 
should  be  of  greater  tonnage  and  timber- 
built,  with  coppered  bottoms. 

With  so  imperfect  a  knowledge  as  I 
have  of  naval  architecture,  I  am  incom- 
petent to  furnish  drawings  and  details  of 
construction  of  vessels  upon  which,  I 
thiuk,  we  must,  in  due  time,  depend  for 
the  protection  of  our  shores  and  com- 
merce. 1  will,  however,  remark  that,  in 
designing  vessels  for  torpedo  service, 
speed  aud  handiness  are  essential  condi- 
tions ;  the  perfection  of  such  vessels  will 
mainly  depend  upon  those  conditions 
being  satisfied.  All  that  I  can  do  in  the 
matter  is  simply  to  state  what  is  required 
in  the  contemplated  constructions. 

The  problem  of  the  torpedo  has  not  yet 
been  solved  in  the  manner  it  should  be  ; 
but  the  solutions  arrived  at  show  that  our 
large,  unwieldy  vessels  of  war  can  be 
easily  and  certainly  disabled  or  destroyed 
by  vessels  of  comparatively  very  small 
dimensions.  Looking  carefully  into  the 
problem,  as  to  the  means  of  attack  with 
and  defence  against  torpedoes,  it  becomes 
evident  that  monster  vessels  will,  in  future 
wars,  be  in  imminent  danger  at  sea,  should 
they  encounter  a  foe  well  prepared  for, 
and  well  practised  in,  torpedo  warfare. 

I  have  thus  endeavored  to  express 
briefly  the  firm  conviction  with  which  I 
was  first  impressed,  so  far  back  as  1844, 
by  the  destruction  of  a  barque,  of  some 
400  tons,  off  Brighton.  The  barque  was 
destroyed  in  deep  water,  by  Captain  War- 
ner, who  used  on  that  occasion  a  torpedo 
of  small  size,  which  he  designated  "  The 
Invisible  Shell."  Had  the  experiment 
been  differently  conducted,  by  turning 
the  barque  adrift  under  sail  in  a  strong 
breeze,  and  so  operated  upon,  the  result 
would,  in  all  probability,  have  gained  the 
attention  of  the  British  public  ;  but,  con- 
ducted in  the  manner  it  was,  it  failed  to 
show  the  practicability  and  importance  of 
"  The  Invisible  Shell."   Enough,  however, 


was  shown  to  convince  naval  men  who 
studied  the  subject,  that  in  the  then  alter- 
ed state  of  navigation,  "  The  Invisible 
Shell "  was  a  kind  of  arm  that  could  be 
used  with  destructive  efficacy  by  small 
and  handy  steam  vessels,  with  something 
like  absolute  impunity,  against  the  larg- 
est vessels  of  war  armed  with  cannon. 

In  conclusion,  I  would  say  that,  as  vari- 
ous maritime  States  are  availing  them- 
selves of  the  inventions  for  the  purpose 
of  attacking,  not  the  top-sides,  but  the 
bottoms  of  vessels,  we  should  do  well  to 
be  fully  prepared  for  such  mode  of  attack. 
Taking  that  view  of  the  matter,  we  ought, 
for  self-preservation,  to  be  provided  with 
vessels  adapted  to  the  service  of,  and 
armed  with,  torpedoes.  With  officers  and 
men  well  practised  in  the  management  of 
these  engines  of  destruction  under  varied 
conditions  upon  the  ocean,  we  may  reason- 
ably reckon  ftpon  an  unmolested  state  of 
our  shores,  and,  to  a  great  extent,  the 
protection  of  our  commerce. 


EEP0RTS  OF  EXGINEEuS1  SOCIETIES. 

Institution  of  Mechanical  Engineers. — 
1  The  general  meeting1  of  the  members  of  this  In- 
stitution was  held  on  Thursday,  the  2d  inst.,  in  the 
Lecture  Theatre  of  the  Midland  Institute,  Birming- 
ham. 

Riveted  Joints. — The  adjourned  discussion  took 
place  upon  the  paper  read  at  the  last  meeting,  "On 
the  Strength  and  Proportions  of  Riveted  Joints, 
with  the  results  of  some  recent  experiments,"  by- 
Mr.  Walter  R.  Browne,  of  Bristol.  The  particu- 
lars were  given  of  some  additional  experiments  that 
had  been  made  by  Mr.  Kirkaldy,  for  Messrs. Wright, 
upon  the  relative  strength  of  diagonal-jointed  boil- 
ers as  compared  with  those  having  the  ordinary 
longitudinal  joints,  the  result  being  that  the 
strength  of  the  diagonal  joint  was  found  to  be  one- 
third  greater  than  that  of  the  longitudinal  joint, 
thereby  increasing  the  strength  of  the  boiler  in  the 
proportion  of  3  to  4.  The  results  were  also  given 
by  Mr.  John  Cochrane  of  a  series  of  experiments  on 
the  relative  loss  of  strength  consequent  upon  punch- 
ing or  drilling  the  rivet  holes  in  plates  and  bars, 
showing  that  no  advantage  in  respect  of  strength 
was  gained  by  drilling  the  holes,  provided  the 
punching  was  done  with  sufficient  care. 

Siemens'  Steam  Jet. — A  paper  was  then  read  "  On 
a  Steam  Jet  for  exhausting  Air,  etc.,  and  the  results 
of  its  application,"  by  the  President.  The  form 
and  application  of  the  steam  jet  having  remained 
hitherto  essentially  the  same  as  in  the  original  steam 
blast  of  the  locomotive,  it  occurred  to  the  writer 
that  much  might  be  done  to  improve  its  effect  by  a 
judicious  arrangement  of  the  parts,  so  as  to  avoid 
eddies  in  the  combined  current  of  steam  and  air, 
and  to  utilize  more  completely  the  initial  momen- 
tum of  the  steam.     These  objects  have  now  been 
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effectually  accomplished  by  the  employment  of  a 
very  thin  annular  jet  of  steam  in  the  form  of  a  hol- 
low cylindrical  column,  discharged  from  an  annu- 
lar nozzle.  The  air  to  be  propelled  by  the  steam  jet 
is  admitted  through  an  exterior  annular  orifice  sur- 
rounding the  jet,  and  also  through  the  centre  of  the 
hollow  jet ;  and  the  area  of  the  air  passages  is  grad- 
ually contracted  on  approaching  the  jet,  whereby 
the  velocity  of  motion  of  the  entering  air  is  so  much 
accelerated,  before  it  is  brought  in  contact  with  the 
steam,  as  to  avoid  the  great  difference  in  the  veloc- 
ity of  the  two  currents,  at  the  point  where  they 
come  together,  which  caused  the  eddies  that  pre- 
viously impaired  the  efficiency  of  the  steam  jet.  By 
the  annular  form  of  the  steam  jet  the  extent  of  sur- 
face contact  between  the  steam  and  the  air  is  great- 
ly increased,  and  the  quantity  of  air  delivered  is 
by  this  means  very  much  augmented  in  propor- 
tion to  the  quantity  of  steam  employed.  The  com- 
bined jet  of  steam  and  air  is  discharged  through 
an  expanding  delivery  pipe  of  considerable  length, 
in  which  its  velocity  is  gradually  reduced,  and  its 
momentum  accordingly  utilized  by  being  converted 
into  pressure. 

The  improved  steam  jet  has  been  applied  for  ex- 
hausting one  of  the  pneumatic  despatch  tubes  em- 
ployed at  the  Central  Telegraph  Station,  in  London, 
for  conveying  the  carriers  containing  telegraphic 
despatches  from  one  station  to  another.  The  result 
of  a  comparative  trial  made  with  the  steam  jet  and 
with  a  good  steam  engine  and  exhausting  pump, 
has  been  found  to  be  that  the  expenditure  of  steam 
is  about  the  same  in  the  two  cases  in  doing  the  same 
work,  the  advantages  of  the  steam  jet  being  its 
very  low  first  cost  in  comparison  with  that  of  the 
engine  and  pump,  and  also  its  great  simplicity,  and 
the  small  space  occupied  as  compared  with  an  en- 
gine and  pump. 

Another  application  of  the  steam  jet  is  to  the 
lifting  of  water  from  a  moderate  depth,  by  employ- 
ing the  jet  to  exhaust  the  air  from  a  closed  vessel, 
into  which  the  water  then  rises  under  the  pressure 
of  the  atmosphere,  the  height  of  lift  depending  upon 
the  size  of  the  jet  and  the  pressure  of  steam, 
and  the  consequent  degree  of  vacuum  obtained  in 
the  vessel.  The  discharge  from  the  steam  jet  being 
then  admitted  into  the  top  of  the  vessel  allows  the 
water  to  escape  through  a  delivery  valve  in  the 
bottom,  and  aids  in  its  expulsion.  By  using  a  pair 
of  these  vessels  in  conjunction,  and  putting  the  ex- 
haustion jet  in  communication  with  each  alternate- 
ly, by  means  of  a  self-acting  float  and  reversing 
valve,  one  vessel  is  filling  while  the  other  is  dis- 
charging, and  a  continuous  delivery  of  water  is 
thus  obtained. 

It  is  also  proposed  to  apply  the  steam  jet  for  ex- 
hausting the  vacuum  pans  employed  in  sugar-boil- 
ing, so  as  to  dispense  with  the  present  costly  vacu- 
um pumps  and  steam  engine,  and  the  condenser  for 
condensing  the  vapor  from  the  evaporating  pan; 
the  supply  of  condensing  water,  which  in  many 
places  in  the  sugar-growing  colonies  is  a  considera- 
tion of  vital  importance,  will  thus  be  rendered  un- 
necessary. The  steam  jet  is  further  expected  to 
prove  very  useful  for  draining  the  molasses  from 
the  sugar,  by  exhausting  the  air  from  below  the 
perforated  bottom  of  a  strainer  containing  the  un- 
drained  sugar,  whereby  the  present  modes  of  drain- 
ing by  gravitation  or  by  centrifugal  strainers  can 
be  superseded  with  advantage. 

Numerous  applications  have  been  made  of  the 


steam  jet  as  a  blower  for  accelerating  the  distilla- 
tion of  fuel  in  gas-producers  for  heating  purposes, 
the  jet  being  admitted  into  the  space  underneath 
the  fire-grate,  which  is  enclosed  by  doors.  By  this 
means  it  is  found  that  coal  dust  of  the  most  infe- 
rior description  may  be  used,  and  the  rate  of  pro- 
duction of  the  gas  is  doubled,  while,  at  the  same 
time,  its  quality  is  improved,  owing  to  the  genera- 
tion of  hydrogen  from  the  steam  which  enters  in- 
termingled with  the  air. 

A  specimen  was  exhibited  of  the  steam  jet  appa- 
ratus; and  the  particulars  were  given  of  the  pro- 
portions which  have  been  found  by  experiment  to 
be  attended  with  the  greatest  efficiency,  rendering 
the  jet  capable  of  realizing  results  comparable  with 
those  obtained  from  a  steam  engine  working  an  air 
pump. — Engineering. 


IKON  AND  STEEL  NOTES. 

STATE  OF  the  British  Iron  Trade. — "We  take 
the  following  from  the  "  Iron  and  Coal  Trades 
Review"  of  May  22d  : 

The  nature  of  the  reports  received  from  our 
trade  correspondents  in  the  various  districts  leads 
to  the  conclusion  that,  notwithstanding  the  rapid 
movements  of  the  past  12  months,  the  upward 
limit  in  the  prices  of  iron  has  not  been  reached. 
The  increased  demand  for  iron  is  general  over  the 
world ;  the  last  flush  of  activity  was  not  stimulated 
by  speculative  operations  ;  stocks  had  everywhere 
been  allowed  to  decrease,  until  there  was  only  suf- 
ficient to  meet  a  moderate  consumption,  and  totally 
inadequate  for  the  increased  demand  when  it  came. 
Railway  enterprise  is  now  again  in  the  ascendant, 
but,  of  course,  there  is  not  much  to  be  done  in  our 
own  country,  though,  if  the  aggregate  weight  of 
iron  required  for  tram  rails  and  new  lines  were  es- 
timated, it  would  undoubtedly  represent  a  large 
tonnage.  Engineering  works  of  great  magnitude 
are  also  being  carried  out  in  all  parts  of  the  world, 
which  are  using  a  good  deal  of  British  iron.  The 
expansion  of  our  home  trade  is  exercising  a  stimu- 
lating effect  upon  the  iron  trade,  and  altogether  it 
would  seem  as  if  the  demand  for  iron  must  for 
some  time  to  come  be  greatly  in  excess  of  the  power 
of  supply,  which  is  limited  by  a  variety  of  circum- 
stances, and,  in  consequence  of  the  aspect  of  the  la- 
bor qtiestion,  is  restricted  far  beyond  what  it  might 
be  if  the  men  as  a  body  would  only  work  with 
greater  regularity.  No  one  acquainted  with  the 
trade  will  maintain  that  the  existing  state  of  things 
is  at  all  healthy  or  satisfactory.  We  are.  indeed, 
figuratively  seated  upon  a  volcano,  which  may 
"  bust  up "  even  more  speedily  than  even  Lord 
Shaftesbury  anticipates.  The  reaction  — come  when 
it  will — will  be  severe,  and  it  behooves  everyone  to 
be  prepared  for  it.  At  present  it  seems  that  this 
reaction  will  arise  from  the  exorbitant  demands  of 
workmen.  Every  additional  concession  only  paves 
the  way  for  a  new  demand,  which,  if  conceded, 
comes  upon  the  consumer,  and  increases  the  cost 
of  commodities.  This  system  carried  on  through- 
out our  productive  industries,  means  such  a  rapid 
advance  in  prices  that  a  limit  must  soon  be  reached. 
Already,  as  we  have  said  elsewhere,  the  margin 
for  profit  is  less  than  it  was  when  prices  were 
far  lower :  by  pushing  things  a  little  further,  the 
profits  will  be  all  absorbed,  and  then  a  reaction  will 
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soon  set  in.  It  is  possible  that  this  may  bring  about 
a  gradual  re-adjustment  of  prices,  but,  on  the  other 
hand,  it  may  lead  to  gigantic  struggles  between 
capital  and  labor,  which  have  often  occurred  previ- 
ously, when  there  was  a  sudden  change  in  the  con- 
dition of  trade.  Some  people  set  themselves  up  as 
prophets  in  general  for  the  iron  trade  (though  we 
have  a  shrewd  suspicion  that  their  views  are  often 
regulated  to  some  extent  by  what  will  best  suit 
their  contract  books,  and  naturally  they  look  at 
things  through  a  somewhat  distorting  medium), 
and  assume  an  injured  tone  if  their  predictions  are 
not  at  once  credited.  But  the  business  of  a  prophet 
is  not  valued  very  highly  in  the  iron  trade,  espe- 
cially as  a  number  of  persons  have  very  good  oppor- 
tunities of  making  themselves  acquainted  with  fu- 
ture prospects  as  far  as  any  one  can  reasonbly  judge 
of  such  matters.  We  fail  to  gather  from  the  oracu- 
lar views  that  have  been  yet  published,  when  and 
how  the  next  reaction  is  to  be  brought  about.  If 
the  authors  would  descend  to  more  precise  details, 
the  value  of  their  prophetic  statements  would  in 
the  future  be  more  readily  estimated. 

The  number  of  new  companies  connected  with 
the  iron  and  coal  trade,  now  offered  to  the  public, 
continues  unabated.  Every  week  brings  a  fresh 
crop,  some  good  and  others  presenting  a  less  prom- 
ising field  for  the  investor.  Many  of  these  new 
concerns  are  simply  transfers  from  a  private  to  a 
public  proprietary,  in  which  case  the  amount  of  cap- 
ital involved  remains  pretty  much  the  same. 

MINING  products  of  Bavaria  show  that  this  little 
kingdom,  which  is  not  considered  a  rich  mineral 
country,  possessed,  in  1870,  746  mines,  of  which  265 
were  actually  worked.  Their  produce  of  512,910 
tons  was  raised  by  4,370  men,  and  had  a  value  of 
£258. 700.  La  addition,  7  salt  works  produced  with 
509  men,  46,689  tons  of  salt,  worth  £78,648,  and  75 
smelting  works  employed  3,629  men,  producing 
118,150  tons,  worth  £114,566.  The  minerals  raised 
at  the  mines  consisted  of  coal,  361,303  tons ;  lignite, 
31.504  tons;  ironstone,  97,030  tons;  iron  pyrites, 
1,966  tons ;  graphite,  680  tons ;  ochre  and  paint, 
1,031  tons  ;  china  clay,  2,206  tons ;  fire  clay,  13,998 
tons;  soapstone,  229  tons;  corundum,  68  tons; 
fluorspar  andbarytes,  1,565  tons;  slates,  1,500  tons  ; 
and  £1,066  of  gold.  The  smelting  works  produced 
pig  iron,  43,968  tons;  iron-castings,  11,633  tons; 
bar  iron,  60,278  tons;  plate  and  sheet  iron,  1,799 
tons.  The  greatest  iron  works  are  those  of  Max- 
imilian's Hutte,  near  Regensburg.  Bavaria  is  pro- 
vided with  large  quantities  of  ironstone,  particular- 
ly hematite  and  oolitic  ore,  but  incapable  of  utiliz- 
ing the  same  to  advantage  for  want  of  mineral  fuel, 
which  must  be  imported  either  from  Westphalia  or 
Saxony. 

Me.  Van  Ruth,  Inspector  of  Mines  for  the  Dutch 
ill  Government,  has  devised  a  method  of  printing 
from  iron  in  such  a  manner  as  to  show  its  fibre,  and. 
give  a  correct  picture  of  the  same  for  comparison  or 
reference.  The  sample  of  iron  whose  fibre  is  to  be 
examined,  is  first  planed  so  as  to  expose  a  suitable 
section,  through  any  desired  point ;  this  section  is 
immersed  in  muriatic  (hydrochloric)  acid  for  such 
time  as  is  necessary  to  eat  out  the  cinder ;  this  time 
varies  from  6  hours  to  24  hours,  according  to  the 
strength  and  temperature  of  the  acid  solution.  The 
cinder  is  attacked  in  a  more  rapid  manner  than  the 
fibre  of  the  iron,  and  the  effect  is   that  the  fibre  is 


left  in  relief — in  fact,  an  etched  plate  is  formed, 
from  which,  by  suitable  ink  or  other  substances,  an 
engraving  may  be  printed,  showing  every  fibre  of 
the  iron  in  a  clear  and  distinct  manner.  The  ap- 
plication of  this  simple  process  is  too  obvious  to 
need  much  description.  Whenever  the  formation 
of  piles  in  a  rail,  round  or  other  section  of  iron  is 
required,  here  is  a  quick  and  handy  method  for  dis- 
covering it.  As  a  means  of  studying  the  alteration 
of  fibre  in  the  neighborhood  of  welds,  it  is  invalua- 
ble. It  may  also  be  applied  in  supplying  informa- 
tion in  relation  to  M.  Tresca's  valuable  memoirs  on 
the  flow  of  solids. 

I  eon  and  Steel  Manufactuee. — At  a  recent 
meeting  of  the  Chemical  Society,  Mr.  E.  Riley 
delivered  a  lecture  of  which  the  following  is  an  ab- 
stract : 

The  lecturer  in  his  discourse  treated  of  the  influ- 
ence of  the  elements  associated  with  iron  in  the  pig, 
and  the  part  they  play  in  the  subsequent  conversion 
of  pig  into  wrought  iron  and  steel.  Although  in 
certain  districts  there  is  not  much  variation  in  the 
pig  made,  the  same  ore  and  fuel  being  constantly 
used,  yet  in  others,  as  South  Wales  and  Stafford- 
shire, so  many  varieties  of  ore  are  employed  that 
pig  of  all  descriptions  is  produced.  Erom  the  results 
of  the  analysis  of  samples  of  Yorkshire  hot-blast 
pig  (No.  1  to  6  iron)  from  the  same  works,  it  would 
appear  that  whilst  the  phosphorus  is  almost  constant 
in  all  the  kinds,  namely,  about  0.9  per  cent.,  the 
quantity  of  sulphur  decreases  and  that  of  silicon 
increases  with  the  number.  It  is  possible  that  the 
differences  in  the  amount  of  sulphur  present  would 
explain  the  differences  in  the  quality  of  the  pig,  for 
it  is  certain  that  sulphur  makes  gray  iron  white  ; 
but,  at  the  same  time,  the  different  numbers  of 
gray  iron  may  be  produced  by  differences  in  the 
rate  of  cooling.  On  examining  the  pigs  from  which 
the  best  wrought  iron  is  made,  they  will  be  found 
to  contain  silicon  and  phosphorus.  Swedish  iron, 
which  contains  no  phosphorus  and  but  little  silicon, 
when  used  by  itself,  gives  red  short  iron.  It  will 
be  seen  from  this  that  silicon  and  phosphorus  play 
an  important  part  in  the  manufacture  of  iron. 
Hematite  pig  frequently  contains  as  much  as  4  or 
5  per  cent,  of  silicon.  The  chief  constituents  of  pig 
iron  are,  besides  iron,  carbon,  silicon,  sulphur,  phos- 
phorus, and  manganese,  traces  of  copper  and  tita- 
nium (the  latter  only  in  gray  iron), frequently  nickel 
and  cobalt,  and  occasionally  vanadium  and  arsenic. 
The  percentage  of  carbon  in  pig  iron  varies  from  3 
to  4  per  cent.,  but  the  question  as  to  whether  it 
forms  any  definite  compound  with  iron  is  open  to 
great  doubt.  Mr.  Snelus  has  shown  that  by  sifting 
out  the  finer  portions  from  the  borings  of  Middles- 
boro'  pig  a  material  could  be  obtained  containing  7 
per  cent,  of  carbon,  and  by  elutriation  one  contain- 
ing more  than  41  per  cent.  The  sulphur  seems  al- 
ways to  be  derived  from  the  sulphide  of  iron  pres- 
ent in  the  fuel  or  ore,  but  from  some  experiments 
it  would  seem  that  an  excess  of  lime  may  act  on  the 
sulphide  in  the  coke  and  convert  it  into  sulphide  of 
calcium  and  metallic  iron.  Silicon  is  always  pres- 
ent to  a  greater  or  less  extent  in  iron.  With  respect 
to  phosphorus,  practically  speaking,  all  that  is 
present  both  in  the  ore  and  in  the  fuel  passes  into 
the  iron.  After  some  remarks  on  the  comparatively 
small  value  of  titanium  as  an  ingredient  of  iron, 
the  speaker  discussed  the  quality  and  composition 
of  the  fuel  employed  in  smelting,  and  then  passed 
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on  to  the  process  of  refining.  The  time  required 
for  this  seems  to  depend  on  the  quantity  of  silicon 
present  in  the  pig,  much  of  it  being  separated  dur- 
ing the  operation,  along  with  some  sulphur  and 
phosphorus,  and  a  little  carbon.  The  process  of 
puddling  was  then  described,  and  the  merits  of  the 
various  machines  for  superseding  manual  labor  dis- 
cussed, with  especial  reference  to  the  results  obtain- 
ed with  that  of  Mr.  Danks ;  the  great  advantage  of 
machine  puddling  being  the  uniform  quality  of  the 
wrought  iron  made.  In  conclusion  the  author 
made  some  remarks  especially  with  reference  to  the 
occurrence  of  silicon  in  steel.  This  elaborate!  and 
exhaustive  memoir  was  copiously  illustrated  by 
analyses. 


RAILWAY  NOTES. 

THE  GENTRY  ELECTRIC  RAILROAD  CAR.— The 
Nashville  "Banner"  says:  The  committee  of 
scientific  gentlemen  appointed  by  the  Board  of 
Managers  of  the  Nashville  Industrial  Exposition, 
to  consult  with  the  inventor  of  the  lightning  rail- 
road, made  report  to  the  Board  on  Friday  evening. 
The  engine  is  composed  of  a  number  of  mag-nets  so 
as  to  obtain  a  motive  power  of  850  lbs.,  or  a  1-horse 
power.  The  armature  is  made  to  work  similar  to 
the  pitman  of  sewing  machines,  and  takes  the  place 
of  the  piston  of  a  steam  engine.  This  works  by 
breaking  and  closing  the  circuit — by  the  manipula- 
tion of  a  short,  easy  working  lever,  worked  easily 
by  the  fingers  of  the  hand,  and  so  fast  that  the 
movement  at  either  extremity  is  imperceptible  to 
the  eye,  but  makes  it  appear  as  a  solid  piece,  like  a 
red  hot  rod  or  burning  stick  appears  as  if  moved 
rapidly  by  the  hand,  a  beautiful  phenomenon  often 
indulged  in  by  children.  This  armature  rapidly 
turns  a  driving  wheel,  similar  to  that  upon  Hoe's 
printing  presses,  by  which  an  additional  power  is 
obtained  by  its  momentum,  and  this  works  the 
wheels  under  the  car,  which  propels  it  at  a  very 
rapid  rate.  The  road  being  elevated  upon  a  single 
row  of  poles,  it  is  as  level  as  a  die,  and  the  cars  are 
consequently  moved  with  the  greatest  ease.  The 
engine  working  as  fast  as  lightning,  the  cars  can  be 
driven  at  a  tremendous  rate  of  speed.  "We  should 
think  100  miles  per  hour  would  be  easily  made ; 
but  they  can  be  driven  as  slow  as  desired. 

The  inventor  designed  his  invention  to  be  used  in 
carrying  mails  and  express  packages,  which  can 
easily  be  done  at  the  rate  of  100  miles  per  hour,  but 
the  electro-magnetism,  as  a  motive  power  for  small 
machinery,  will  make  the  invention  more  useful  and 
important. 

The  model  exhibited  to  us  shows  the  road,  upon 
poles  set  in  the  curbstone  or  edge  of  the  pavement, 
with  safe  and  easy  stairway  to  ascend  to  or  descend 
from  the  cars.  The  single  line  of  poles  supports  a 
double  track  for  cars  to  run  in  opposite  directions  : 
the  telegraphic  lines  of  the  different  companies  and 
of  the  fire-alarm  telegraph  and  gas  lamps  to  light 
the  street.  It  is  made  very  light,  so  .that  it  will 
not  obstruct  the  street,  but  add  to  its  beauty,  and 
do  away  with  the  old-fashioned  tramway  street 
cars,  the  dread  of  owners  of  vehicles  and  the  impe- 
diment of  commercial  intercourse  in  all  cities.  The 
cars  will  run  noiselessly,  and  are  the  very  thing 
needed  upon  all  crowded  thoroughfares.  Mr.  Wil- 
liam D.  Gentry,  the  author  of  this  invention,  is  the 


manager  of  the  Pacific  and  Atlantic  Telegraph  Of- 
fice in  this  city ;  has  been  a  practical  telegraph 
operator  25  years,  and  is  one  of  the  oldest  operators 
now  living.  He  has  devoted  8  years  to  the  devel- 
opment of  this  invention.  A  working  model,  large 
enough  to  carry  passengers  or  freight,  will  soon  be 
put  into  practical  operation. 

The  Railroads  in  the  United  States. — The 
1  number  of  miles  of  railroad  now  constructed  in 
the  United  States  is  nearly  65,000.  Of  this,  there 
are  in  Illinois  6,000  miles,  Pennsylvania  5,300, 
New  York  4,500,  Ohio  4,000,  Indiana  3,800,  Iowa 
3,400,  Missouri  3,000,  Michigan  2,300,  Georgia 
2,000,  Wisconsin  2,000,  Kansas  1,900.  Then  come 
Massachusetts,  Virginia,  Alabama,  Tennessee,  and 
Minnesota,  about  1,600  each,  while  the  rest  of  the 
States  and  Territories  have  each  1,200  or  1,000 
miles  and  less.  A  peculiar  and  significant  fact  is 
that  in  the  year  1871  alone,  nearly  7,000  miles  of 
new  road  were  constructed,  a  number  surpassing 
that  of  all  the  miles  of  railroads  existing  in  the  whole 
of  the  United  States,  only  23  years  ago,  when  their 
sum  total  was  nearly  6,000  miles.  To  keep  these 
roads  in  repair  requires  400,000  tons  of  rail  per 
year,  of  which  3  parts  are  re-rolled  rail,  and  100,000 
tons  new  iron  ;  but  as  there  are  yearly  some  7,000 
miles  of  new  road  made,  it  requires  over  1,000,000 
tons  of  new  rail ;  in  fact,  we  are  short  of  iron,  as 
the  demand  for  this  article  exceeds  the  production. 

Portable  Railway  for  Common  Roads. — 
The  largely  increased  amount  of  useful  work 
that  can  be  obtained  for  each  horse  employed  in 
drawing  heavy  loads  when  a  tramway  is  used,  can 
be  daily  seen  by  any  one  who  thinks  proper  to  watch 
for  a  few  moments  the  running  of  the  handsome 
and  commodious  passenger  cars  with  which  many 
of  the  metropolitan  suburbs  are  now  provided. 
With  the  old-fashioned  omnibuses,  even  those  of 
the  lightest  and  most  approved  construction,  a  pair 
of  strong  horses  have  qiiite  enough  to  do  to  draw 
the  vehicle  with  a  dozen  persons  inside  and  14  out- 
side, making  26  passengers  in  all:  whilst  on  the 
tramways  a  pair  of  lighter  horses  draw  a  heavier 
vehicle  with  22  passengers  inside  and  24  oiitside, 
making  46  passengers  in  all,  with  comparative  ease. 
The  reason  of  this  is  simple  enough — the  traction 
varies  with  the  smoothness  of  the  road  on  which  the 
wheels  of  the  vehicle  travel ;  so  that  whilst  the 
traction  upon  the  best  constructed  road  is  between 
30  and  40  lbs.  to  the  ton,  it  does  not  exceed  7  lbs. 
or  8  lbs.  to  the  ton  on  a  properly  laid  railway.  The 
advantage,  then,  of  railways,  wherever  there  is 
sufficient  traffic  to  keep  them  constantly  in  use, 
cannot  be  questioned ,  for  they  provide  at  once  a 
rapid  and  convenient  means  of  transport,  and  one 
which,  moreover,  is  remarkably  economic  after  the 
first  cost,  necessarily  a  large  one,  has  once  been  in- 
curred . 

But  it  is  not  everywhere  that  there  is  traffic  for  a 
railway,  and  an  idle  line  is  the  very  reverse  of  re- 
munerative to  those  who  have  provided  the  funds 
for  its  construction.  To  meet  such  cases  as  these 
Mr.  Win.  Pidding,  of  Bedford  square,  has  invented 
a  system  of  portable  rails,  which  secures  to  every 
carriage  its  own  tramway,  and  which  may  be  used 
with  equal  facility  upon  any  ordinary  road,  whetlu"  r 
macadamized,  paved,  or  asphalted.  During  the 
past  week  an  opportunity  has  been  afforded  for  in- 
specting' the  practical  application  of  the  invention, 
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Mr.  Pidding  having  constructed  a  vehicle  -with  his 
portable  rails  attached.  The  carriage  wheels,  which 
are  only  about  21  in.  diameter,  and  are  fixed  to  the 
axle  beneath  the  springs  in  the  ordinary  way,  run 
upon  what  may  be  popularly  described  as  the  inside 
of  the  tyres  of  a  second  pair  of  wheels,  of  sufficient 
size  to  permit  the  small  wheels  to  rotate  between 
tyres  and  the  naves  of  the  large  ones.  This  larger 
tyre,  which  forms  the  portable  railway,  is  made  up 
of  a  series  of  long  and  short  segments,  each  care- 
fully shod  with  india-rubber,  or  which  may  be 
constructed  of  steel,  formed  into  a  band  chain,  one 
or  another  portion  of  which  is,  of  course,  always  in 
a  position  ready  to  receive  the  running  wheel ;  the 
portion  which  has  served  the  purpose  of  a  tramway 
as  constantly  passing  round  the  periphery  of  the 
large  wheel  to  regain  its  position  in  front  of  the 
running  wheel.  One  great  advantage  of  the  in- 
vention is  that  the  external  appearance  of  the  car- 
riage is  not  at  all  altered — an  objection  which  has 
done  much  to  prevent  the  introduction  of  endless 
railways  generally — and  Mr.  Pidding's  is  certainly 
as  neat  and  compact  an  arrangement  as  we  have 
seen. — Mining  Journal. 


ENGINEERING  STRUCTU11ES. 

Australian  Telegraphy .  — The  Sydney  Cham- 
ber of  Commerce  has  passed  a  resolution  for  co- 
operating with  the  Melbourne  Chamber  in  urging 
upon  the  Governments  of  Victoria  and  New  South 
Wales  the  duty  of  aiding  Queensland  to  guarantee 
interest  to  any  company  which  will  lay  a  cable 
from  Normanton  to  Java.  Despatches  have  been 
received  at  Adelaide  from  Mr.  C.  Todd,  superin- 
tendent of  telegraphs  in  South  Australia,  who  had 
proceeded  to  the  Northern  Territory  to  personally 
supervise  the  completion  of  the  great  overland  tel- 
egraph. Mr.  Roper  gives  a  glowing  account  of  the 
Roper  river,  which,  he  says,  can  be  navigated  by 
large  steamers  for  a  distance  of  100  miles  from  its 
mouth.  The  construction  of  the  overland  telegraph 
is  being  pushed  on,  and  the  line  will,  Mr.  Todd 
hopes,  be  finished  by  the  end  of  June  or  July. 

"IU" ater  Supply  of  Auckland  (N.  Z.). — Messrs. 
i  T  Brogden  &  Sons  have  undertaken  to  go  into 
surveys  for  the  purpose  of  ascertaining  the  cost  of 
supplying  Auckland  and  its  suburbs  with  water 
from  the  Nihotupu  stream.  They  propose  eventu- 
ally to  submit  a  tender  for  the  execution  of  any 
works  which  may  be  contemplated.  Should  the 
city  council  accept  this  tender,  no  charge  will  be 
made  for  the  preliminary  survey ;  if,  however,  they 
reject  it,  the  actual  cost  of  the  surveys,  and  no 
more,  will  be  charged  to  them. 

"VTew~  Zealand  Telegraphy. — A  telegraph  line 
1  *  between  the  Thames  and  Tauranga  was  fast 
approaching  completion  at  the  last  dates  from 
Auckland,  New  Zealand.  A  statement  as  to  the 
working  of  the  telegraphs  throughout  New  Zeal- 
and shows  a  large  increase  in  the  number  of  mes- 
sages sent  during  the  past  quarter  as  compared 
with  the  corresponding  quarter  of  1871.  The  in- 
crease in  the  revenue  of  the  Government  from  this 
source  is  upwards  of  £1,500,  or  at  the  rate  of  £6,000 
per  annum. 


Twenty- 
1   Russia 


ORDNANCE  AND  NAVAL. 

-Inch  Smooth-Bore  Gun  for  toe 
an  Government. — It  has  been  known  to 
artillerists  in  this  country  for  some  time  that  Russia 
has  been  making  great  efforts  to  produce  very  heavy 
guns,  but  few  or  no  particulars  concerning  these 
guns  have  reached  this  country.  We  therefore  en- 
deavor to  supply  this  deficiency  by  supplying  the 
latest  information  which  has  reached  us  in  the  form 
of  a  Russian  publication,  from  which  we  have 
translated  the  following : — In  that  section  of  the 
late  St.  Petersburg  Exhibition  which  was  devoted 
to  military  art  one  of  the  most  striking  objects  was 
the  model,  full  size,  of  the  gigantic  20  in.  cast-iron 
gun,  a  smooth-bore  cast  at  the  ordnance  works  of 
Perm.  This  weapon  Avas  ordered  by  the  Ministry 
of  Marine,  and  is  intended  for  the  armament  of 
large  iron-clads.  Up  to  the  present  time  there  does 
not  exist  in  the  whole  of  Europe  such  an  enormous 
gun,  and  in  America  there  are  only  2  specimens 
like  it.  The  Americans  were  the  first  to  commence 
the  manufacture  of  cannon  of  large  calibre,  and 
their  success  in  this  undertaking  has  commanded 
universal  attention.  After  the  Americans  the  pro- 
duction of  cast-iron  guns  of  large  calibre  began  in 
our  country  in  the  year  1863,  which  undertaking, 
owing  to  the  initiative  of  the  Ministry  of  Marine, 
proved  to  be  a.  perfect  success,  particularly  as  re- 
gards the  production  of  15-in.  cannon.  We  have 
now  over  30  of  these  guns,  which  have  turned  out 
on  trial  to  be  very  strong.  As  regards  the  casting 
of  the  20-in.  gun,  the  idea  was  conceived  in  1869. 
This  plan  has  now  been  realized,  and  the  gun  is 
quite  finished  and  has  been  subjected  to  the  most 
severe  tests.  This  result  testifies  both  to  the  extent 
of  the  means  of  production  of  the  Perm  AVorks  and 
to  the  energy  and  knowledge  displayed  by  the  per- 
sons employed  at  that  establishment.  Although 
the  Perm  Works  had  been  constructed  with  all  the 
latest  mechanical  improvements,  nevertheless  the 
casting  of  such  a  monster  piece  demanded  fresh 
means  and  appliances,  the  works  having  originally 
been  intended  for  the  production  only  of  15-in. 
guns,  which  a  few  years  ago  were  being  introduced. 
Besides  the  employment  of  new  appliances,  it  was 
found  necessary  to  make  preliminary  experiments 
of  casting  the  metal  in  order  to  determine  the  con- 
ditions for  effecting  the  same  on  an  enormous  scale. 
In  reality  the  20-in.  gun  differed  so  greatly  in  its 
size  from  all  former  guns,  that  these  experiments 
became  of  the  most  vital  importance.  In  consequence 
the  manager  of  the  Perm  Works,  Mr.  Grassbof, 
resolved  to  cast  an  experimental  block  which  would 
represent  that  portion  of  the  20-in.  gun  which  ex- 
tends from  the  breech  to  the  trunnions.  This 
block  was  produced  and  weighed  1,409  pouds  (23£ 
tons).  In  the  process  the  system  of  inward  cooling 
by  water  was  adopted.  Upon  the  examination  of 
the  surfaces  of  a  disc  which  was  cut  out  of  the 
block,  the  grain  of  the  metal  was  ascertained  to  be 
faulty.  Therefore  another  block  had  to  be  cast  of 
the  same  size  and  weight,  care  being  taken  in  the 
process  only  to  alter  the  proportion  of  the  compo- 
nent parts  and  to  increase  the  cooling  of  the  inte- 
rior. The  examination  of  the  second  block  showed 
more  satisfactory  results.  Then  a  third  block  was 
cast,  in  the  production  of  which  a  more  rapid  cool- 
ing was  adopted  and  softer  metal  employed.  Tho 
result  of  the  third  casting  appeared  so  satisfactory 
that  the  latter  was  taken  a6  a  sample  for  the  pro- 
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duction  of  the  20-in.  gun.  Both  the  gun  itself  and 
the  blocks  were  cast  according  to  the  Rodman  sys- 
tem, somewhat  modified  by  Mr.  Grasshof.  The 
substance  of  this  system  consists  in  this,  that  the 
piece  is  cooled  by  water  gradually  in  concentric  lay- 
ers from  the  inside  to  the  surface,  so  that  each  layer 
is  contracted  by  the  following  ones  as  if  it  were  by 
hoops  tightly  stretched  one  over  the  other.  The 
contraction  is  supposed  to  proceed  from  this,  that 
the  particles  of  iron  which  are  in  a  molten  state  are 
separated  further  from  each  other  than  in  the  metal 
which  has  just  been  cooled.  Besides,  in  the  Rod- 
man process  recourse  is  had  to  outward  heating. 
Mr.  G-rasshof  cast  the  3  first  blocks,  abandoning  the 
outward  heating  process ;  but  wishing  to  render 
his  experiments  more  satisfactory,  he  came  to  the 
resolution  to  cast  a  fourth  block,  employing  the 
same  method  as  with  the  third  one,  but  introducing 
the  outward  heating.  By  comparing  these  two  blocks 
together  the  superiority  of  the  third  block  was 
clearly  demonstrated,  and  therefore  Mr.  G-rasshof, 
in  casting  the  20-in.  gun,  resolved  to  adopt  the  pro- 
cess of  inward  cooling,  and  to  abandon  the  outward 
heating.  The  operations  were  conducted  as  follows: 
Six  furnaces  were  prepared  containing  711  pouds 
(about  11^-  tons)  of  cast  iron  in  each.  The  molten 
mass  was  run  into  the  mould  from  2  furnaces  at 
once,  one  opposite  the  other.  This  process  continu- 
ed for  21  min.,  and  after  the  expiration  of  10  hours 
water  was  applied.  The  finishing  of  the  gun  took 
3  months  and  a  fortnight.  The  weight  of  this 
weapon  in  a  finished  state  is  2,750  pouds  (44§§  tons). 
The  weight  of  the  projectile  to  be  employed — a  cast 
iron  spherical  one — is  28  pouds  (9  cwt.).  In  trying 
the  gun  in  all  313  rounds  were  fired,  the  normal 
charge  of  prismatic  gunpowder  being  about  117  lbs. 
English.  The  experiments  of  firing  were  conduct- 
ed on  the  river  Rama,  the  high  bank  across  the 
stream  serving  as  a  butt,  which  was  at  a  distance  of 
about  1,400  yards  from  the  gun.  The  weapon  was 
placed  under  an  iron-plated  covering  of  a  peculiar 
construction.  On  the  discharge  of  the  piece  the 
concussion  of  the  air  was  so  great  that  in  the  village 
of  Matoriloro,  sitnated  at  a  distance  of  half  a  verst, 
the  chimney  stacks  fell  in  when  the  wind  was  blow- 
ing in  that  direction.  The  sound  itself,  although 
loud,  was  not  deafening,  and  persons  standing  even 
under  the  iron-plated  covering  were  able  to  support 
both  the  noise  and  concussion  of  the  air.  The  iron 
gun-carriage  for  this  piece  was  manufactured  at  the 
Kamsko-Votkinsky  Works,  according  to  the  de- 
sign of  Mr.  Pestich.  The  weight  of  it  is  400  pouds 
6^f-  tons).  The  breech  of  the  gun  is  elevated  and 
depressed  by  means  of  a  screw  ratchet  key.  For 
facilitating  the  running  forward  of  the  gun  a  sys- 
tem of  cog-wheels  is  introduced,  and  for  the  dimi- 
nution of  the  recoil,  and  the  hoisting  of  the  charge 
and  projectiles,  special  appliances  are  provided. 
The  moving  of  this  enormous  mass  of  iron  can  be 
effected  easily  by  3  men.  After  the  introduction 
into  the  military  art  of  rifled  cannon  the  conviction 
became  established  of  their  unconditional  superior- 
ity over  the  smooth-bores.  As  regards  guns  of  small 
calibre  this  opinion  may  very  likely  be  correct ;  but 
with  respect  to  naval  guns  of  the  largest  calibres, 
it  would  be  difficult  to  give  the  preference  either  to 
the  one  or  the  other  system.  Without  going  into 
particulars  of  the  merits  or  demerits  of  the  one  or 
the  other  description  of  weapon,  we  will  point  to 
one  important  difference  in  the  effect  of  the  spheri- 
cal projectiles  of  the  smooth-bores  and  the  oblong 


ones  of  the  rifled  guns  ;  the  latter  will  hit  an  iron- 
plated  target  at  a  greater  distance  than  the-  former, 
and,  so  to  say,  piercing  it  through ;  on  the  other 
hand,  the  former  will  produce  a  far  greater  amount 
of  concussion,  shaking  loose  the  rivets  of  the  plates 
and  bolts  of  the  target,  and  bounding  on  the  plates 
and  cracking  them.  Besides  the  difference  in  the 
destructive  action  of  these  weapons,  there  is  an 
enormous  difference  in  the  cost  of  production. 
Thus,  for  instance,  according  to  the  statement  of 
Mr.  Grasshof,  the  price  of  a  20-in.  smooth-bore  gun 
will  cost  when  produced  in  quantities  8,500  roubles 
(about  £1,570),  whereas  an  11-in.  steel  rifled  piece 
corresponding  to  the  same  could  not  be  produced 
under  40,000  roubles  (£0,000).— Engineer. 


BOOK  NOTICES. 

A  Dictionary  of  Chemistry.  By  Henry 
Watts,  F.  R.  S.,  B.  A.,  &c.  Supplement. 
Longmans,  Green  &  Co.,  London,  1872.  New 
York :  D.  Van  Nostrand. 

English  chemists  will  hail  with  gladness  the  ap- 
pearance of  the  supplemental  volume  to  "  Watts' 
Dictionary."  It  was  evident  almost  before  the 
completion  of  the  last  volume  of  the  original  work, 
that  a  supplementary  volume  would  be  required 
very  shortly.  In  these  days  of  progress,  chemical 
books  are  quickly  left  behind,  and  it  needs  ener- 
getic measures  for  our  literature  to  keep  pace  with 
fresh  chemical  discoveries.  Chemistry  has  much 
to  be  thankful  for  at  the  hands  of  Mr.  Watts.  The 
present  volume  brings  up  our  knowledge  to  the 
end  of  1869,  and  also  includes  several  additions, 
corrections,  etc.,  which  have  appeared  in  1870  and 
1871.  The  scope  of  this  volume  is,  as  in  former 
volumes,  sufficiently  wide;  the  contents  are  not 
entirely  confined  to  chemistry,  but  include  articles 
on  electricity,  heat,  light,  etc.  The  connection  be- 
tween these  subjects  and  chemistry  is  so  close  that 
no  book  would  be  perfect  which  did  not  enter  into 
and  explain  some  of  the  effects  caused  by  these 
forces.  The  plan  of  Watts'  Dictionary  is  too  well 
known  to  require  any  comment.  The  present  vol- 
ume is  strictly  a  continuation  of  the  former  ones  ; 
and,  as  time  rolls  on,  other  supplemental  volumes 
will  be  required  to  make  this  record  of  chemical 
history  complete.  As  it  is,  we  now  possess  in 
Watts'  Dictionary  a  complete  account  of  chemical 
discovery  up  to  the  end  of  1869 ;  and  in  the  ab- 
stracts of  foreign  papers  published  by  the  Chemical 
Society  we  have  a  contemporaneous  record  of  all 
new  facts,  beginning,  however,  with  the  year  1 v  ?  1 . 
It  is,  perhaps,  unfortunate  either  that  Mr.  Watts 
did  not  bring  out  his  supplement  one  year  later,  or 
that  the  Chemical  Society  did  not  commence  their 
extremely  valuable  work  one  year  earlier.  At  the 
present  time,  therefore,  we  have  one  year  to  a  cer- 
tain extent  unrepresented.  We  have,  however, 
gained  a  great  step ;  instead  of  having  to  wait  2  or 
3  years  for  the  appearance  of  the  "  Jahresberioht." 
we  have  now  the  abstracts  of  foreign  papers  a  month 
or  so  after  their  publication.  It  is  worthy  of  re- 
mark that  Mr.  Watts'  Dictionary  has  oxitstripped 
the  "  Jahresbericht,"  the  third  volume  of  which,  for 
1869,  has  not  yet  appeared.  The  author  has  fortu- 
nately succeeded  in  obtaining  the  assistance  of 
some  of  the  former  contributors  to  his  work,  thus 
Prof.  C.  G.  Foster  contributes  two  very  clear  arti- 
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cles  on  recent  discoveries  in  electricity  and  heat, 
whilst  Prof.  Roscoe  has  written  the  articles  on 
"  Light  and  on  Spectrum  Analysis,"  which  give  a 
very  excellent  resume  of  the  work  done  in  these 
branches  of  science,  and  which,  perhaps,  might 
have  been  lengthened  with  advantage.  The  arti- 
cle on  "  Proteids "  is  written  by  Prof.  M.  Foster, 
whose  name  is  a  sufficient  guarantee  for  its  excel- 
lence. Dr.  Paul  and  Mr.  "Wanklyn  have  also  con- 
tributed to  the  supplement,  the  latter  having  writ- 
ten on  acetic  ether  (in  part),  on  butyl  alcohols,  etc. 
The  only  possible  objection  to  this  outside  help  is, 
that,  in  some  instances,  undue  prominence  may  be 
given  to  certain  of  the  author's  theories  or  remarks, 
to  the  comparative  overlooking  or  slighting  of  the 
work  of  other  chemists.  We  must  not,  however, 
omit  to  speak  in  the  highest  terms  of  many  of  the 
articles  contributed  by  Mr.  Watts  himself,  such  as 
the  extremely  clear  and  succinct  account  of  the  ar- 
omatic series  as  explained  by  Kekule's  hypothesis, 
the  article  "  On  Atomicity,"  and  many  others  too 
numerous  to  mention.  We  cannot  give  the  volume 
greater  praise  than  by  saying  it  is  quite  equal  to 
the  former  productions  of  the  author.  Since  the 
publication  of  the  last  volume,  the  chemistry  of  the 
aromatic  series  seems  to  have  usurped  the  principal 
attention  of  chemists,  as  we  find  by  long  articles  on 
benzine,  on  its  derivatives  and  homologues,  no  less 
than  45  pages  being  thus  occupied ;  then  again  the 
substitution  derivatives  of  benzoic  acid  and  of  phe- 
nol occupy  a  considerable  space.  Another  subject 
which  seems  to  have  attracted  a  considerable  amount 
of  attention,  and  to  have  yielded  very  interesting 
results,  is  that  of  the  alcohol  cyanides  and  nitrites. 
An  article  on  inorganic  analysis,  by  Bunsen's  flame 
reactions,  will  be  found  of  great  interest,  and  will 
repay  a  considerable  study.  In  fact,  the  whole  vol- 
ume is  most  complete,  and  must  be  looked  on  with 
great  satisfaction. — Nature. 

I)OTANY  FOR  BEGINNERS  '.  AN  INTRODUCTION 
)  to  the  Study  op  Plants.  By  Maxwell  T. 
Masters,M.  D.,  F.R.S.  (London :  Bradbury,  Evans 
&  Co.,  1872.) 

This  is  in  no  sense  a  cram-book.  To  take  the 
trouble  of  learning  it  by  heart,  page  for  page,  would 
not  suffice  for  any  botanical  examination  with  which 
we  are  acquainted.  This  is  a  great  advantage  in 
an  elementary  scientific  work.  Not  only  does  it 
enable  the  author  to  be  entirely  independent  of  the 
favorite  points  of  particular  examiners ;  but  it  per- 
mits him  to  pursue  his  own  method  of  developing 
the  subject  in  the  learner's  mind.  In  no  science  is 
this  freedom  of  greater  value  than  in  botany.  The 
text-books  used  and  recommended  by  many  teachers 
of  botany  would  appear  to  have  been  especially  de- 
signed to  deter  the  intending  student  from  the  study 
of  the  science.  Each  teacher  will  no  doubt  have 
his  own  idea  of  the  arrangement  of  his  subject  best 
calculated  to  interest  the  beginner,  and  to  lead  him 
on  step  by  step  to  see  the  true  dignity  of  the  sci- 
ence. Dr.  Masters's  is  recommended  by  his  own 
experience  as  a  lecturer  for  many  years  to  one  of 
our  Metropolitan  hospitals .  He  commences  by  tak- 
ing in  succession  a  series  of  flowers  in  the  order  in 
which  they  are  to  be  met  with  as  the  spring  unfolds 
— willow,  poplar,  ash,  elm,  tulip,  hyacinth,  apple, 
lilac,  and  so  forth ;  and  in  plain  and  attractive  lan- 
guage, bringing  in  technical  terms  at  the  outset  only 
when  necessary  for  the  sake  of  accuracy,  he  explains 
the  structure  of  their  different  parts,  and  the  points 


in  which  they  resemble  or  differ  from  one  another. 
We  heartily  recommend  "  Botany  for  Beginners"  to 
teachers  or  parents  who  are  desirous  of  interesting 
young  persons  in  this  science,  and  who  can  appre- 
ciate the  value  of  a  clearly-written,  simple,  and  yet 
accurate  elementary  treatise. — Nature. 

A  Hand-book  of  Sewage  Utilization.     By 
"Click    Ralph    Boukke,   Barrister-at-Law. 
(London :  E.  &  F.  N.  Spon.) 

How  best  to  dispose  of  sewage  is,  if  not  one  of 
the  most  important,  at  least  one  of  the  best  discuss- 
ed questions  of  the  day.  It  is  one,  too,  that  curi- 
ously enough  seems  to  be  especially  interesting  to 
amateurs,  as  the  number  of  pamphlets  lately  pub- 
lished, without  further  evidence,  sufficiently  testify. 
Here,  for  instance,  is  a  capital  little  book  on  the 
snbject,  by  a  barrister  dating  from  King's  Bench 
Walk,  in  which,  strange  to  say,  the  legal  aspects 
of  the  question  occupy  but  a  page  and  a  half,  the 
remaining  pages  being  devoted  to  as  comprehensive 
a  view  as  their  number  will  admit  of  the  various 
systems  of  sewage  disposal  attempted  in  England 
and  elsewhere.  It  rnay  seem  incredible,  but  the 
author  does  not  advocate  a  system  of  his  own  in 
preference  to  others,  and  for  this  we  admit  we  are 
partial  to  him.  We  have  but  one  fault  to  find  with 
the  book,  it  is  not  large  enough  ;  56  pages  are  not 
sufficient  to  do  justice  to  the  subject.  Barristers 
are  among  the  best  precis  writers,  and  Mr.  Bourke 
has,  in  this  case,  given  us  the  pith  of  many  dry 
pages.  To  ordinary  readers  there  may  appear  a 
little  pedantry  in  the  references  to  blue  books  and 
sanitary  reports,  being  in  the  style  of  the  law  books, 
thus— 1  R.  P.  C.  77,  3  S.  U.  C.  P.  19S  ;  but,  if  some- 
what unusual,  there  is  economy  of  space  in  this. 
The  general  reader  will  find  in  Mr.  Bourke's  little 
book  as  much  information  about  sewage  systems  as 
he  is  likely  to  require. 

A  Treatise  on  the  Theory  of  Friction. 
By  John  H.  Jellett,  B.  D.,  Senior  Fellow  of 
Trinity  College,  Dublin ;  President  of  the  Royal 
Irish  Academy.  Dublin:  Hodges,  Foster  &  Co., 
Publishers  to  the  University.  London :  Macmillan 
&  Co.,  1872.   For  sale  by  Van  Nostrand. 

This  work  relates  to  the  theory  of  friction,  con- 
sidered as  a  part  of  rational  mechanics,  and  in  that 
respect  it  differs  from  previous  treatises  on  friction, 
in  all  of  which,  so  far  as  we  know  them,  questions 
of  practical  or  applied  mechanics  have  alone  been 
kept  in  view,  and  that  even  although  mathematical 
methods  of  a  high  order  have  been  employed,  as  in 
the  researches  of  Coulomb,  Poncelet,  Morin,  Mose- 
ley,  Rankine,  and  others,  on  the  efficiency  of  ma- 
chines and  the  stability  of  earthworks  and  masonry 
as  affected  by  friction. 

In  the  work  of  Professor  Jellett,  on  the  other 
hand,  the  theory  of  friction  is  treated  with  a  view, 
not  to  its  practical  application,  but  to  the  mathe- 
matical and  dynamical  principles  which  it  involves ; 
and  the  author,  instead  of  choosing  a  series  of  ex- 
amples of  machines  and  of  structures,  and  showing 
how  the  force  of  friction  affects  the  efficiency  of 
each  machine  and  the  stability  of  each  structure, 
begins  by  pointing  out  to  what  class  the  force  of 
friction  belongs,  and  how  it  is  distinguished  from 
another  class  of  forces  comprising  gravity  and  elas- 
ticity ;  and  he  then  proceeds  to  show,  step  by  step 
— advancing  from  elementary  to  complicated  cases 
— how  the  consideration  of  friction  affects  the  gen- 
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eral  equations  of  the  equilibrium  and  motion  of 
material  particles  and  of  rigid  bodies. 

The  book  supplies  a  want  which  has  hitherto  ex- 
isted in  the  science  of  pure  mechanics ;  and,  like 
other  elucidations  of  the  theory  of  science,  there  can 
be  no  doubt  that  it  will  sooner  or  later  lead  to  im- 
provements in  practice  also. — Engineer. 
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Mining  in  Central  Asia. — Mr.  Shaw,  British 
Commissioner  in  Ladak,  in  his  "  Visits  to 
High  Tartaiy,  Yarkand,  and  Kashghar  (formerly 
Chinese  Tartary),"  recently  published  by  Mr.  Mur- 
ray, gives  an  interesting  account  of  the  primitive 
mineralogical  processes  in  a  country  undoubtedly 
rich  in  underground  wealth,  which  our  traveller 
has  done  much  to  make  available  for  the  trade  of 
British  India.  From  him  we  learn  that  the  iron 
smelting  furnace  is  just  like  a  dice-box  4  or  5  ft. 
high,  with  a  roof  over  it,  leaving  an  exit  in  the 
middle  for  the  smoke.  Round  the  dice-box,  under 
the  roof,  sit  6  boys  and  girls  blowing  skin-bel- 
lows with  each  hand,  12  belows  in  all.  An 
opening  shows  the  glowing  mass,  with  a  stream  of 
molten  stuff  slowly  oozing  downwards.  A  pit  2 
ft.  deep  shows  the  bricked-up  door  of  the  furnace, 
through  which  the  metal  is  extracted  daily.  The 
ore  is  broken  up  by  a  man  with  a  hammer,  who 
keeps  throwing  it  in  at  the  chimney,  while  another 
supplies  charcoal  through  the  same  opening.  No 
third  substance.  Twenty  charaks  weight  (16  lbs. 
each)  of  ore,  and  the  same  quantity  of  charcoal,  are 
used  in  the  24  hours ;  and  the  produce  is 
about  4  charaks  of  iron.  The  metal  is  very  good 
and  fine-grained,  looking  almost  like  steel  when 
made  up  into  tools.  The  molten  metal  is  allowed 
to  cool  for  a  whole  night  before  the  furnace  is 
opened.  The  ore  is  a  black-looking  stone,  got  by 
digging  from  the  mountains  15  miles  off,  which 
breaks  square  or  with  straight  edges.  Specimens 
of  it  may  be  seen  in  Mr.  Shaw's  collection  at  the 
India  Office  Museum.  In  Toorkistan  the  most 
valuable  production  is  Jade.  The  quarries  are  in 
lat.  36  deg.  18  min.  N.,  and  long.  78  deg.  15  min. 
E.  The  other  mineral  productions  are  copper, 
iron,  lead,  and  gold.  The  copper  is  said  to  be  found 
near  Aksooi.  The  iron  is  got  from  the  Kizil  Tagh 
(Red  Mountains),  to  the  Avest  of  Yarkand,  and  is 
worked  in  the  villages  of  Toblok  Kizil — so  called 
from  the  red  color  of  the  soil.  Lead  is  got  in 
some  of  the  valleys  near  Sarikol.  It  is  also  said  to 
have  been  worked  near  Kashghar.  Koten  is  famous 
for  its  gold,  of  which  there  are  several  mines  under 
the  mountains  near  Kiria.  This  gold-field  is  pro- 
bably connected  with  that  to  the  eastward  of 
Roodok  and  G-ortok,  which  was  lately  visited 
by  one  of  Major  Montgomerie's  Pundits.  G-old  is 
reported  to  exist  in  the  mountains  between  these 
two  scenes  of  mining  operations.  At  Kiria,  the 
shafts  are  sunk  to  some  depth  to  reach  the  aurif- 
erous beds,  of  which  the  earth  is  brought  up  to  the 
surface  and  washed  in  cradles.  Mr.  Shaw  heard 
a  rumor  of  some  substance  resembling  coal  being 
found  in  the  jungles  east  of  Yarkand.  He  thinks 
there  is  no  doubt  as  to  its  existence  in  the 
maun  tains  of  Andijan  near  the  town  of  Oosh.  An 
Andijanee  described  it  to  him  under  the  name  of 
Tash-Kumur,  which  is  equivalent  to  stone-charcoal, 


and  certainly  comes  very  near  the  French  carbon 
de  terre. 

IMPROVEMENTS  IN  THE  MANUFACTURE  OF  HO- 
MOGENEOUS METALS. — The  usualrnonthly  meet- 
ing of  the  London  Association  of  Foremen  Engi- 
neers was  held  at  Cannon-street  Station  Hotel,  on 
Feb.  3,  when  the  President  'Mr.  Joseph  Newton) 
announced  that  Mr.  G-alloway  would  introduce  the 
subject  of  his  patented  invention  for  iraprovernents 
in  the  manufacture  of  iron.  Mr.  G-.  B.  G-alloway 
then  read  the  official  copy  of  his  patent  for  improve- 
ments in  the  manufacture  of  iron,  which  he  de- 
nominated Iron-steel.  The  purification  of  the  iron 
in  its  manufacture  he  proposes  to  accomplish  by  a 
specially  prepared  fuel,  consisting  of  creosote  and 
other  dead  oils,  made  into  fuel  with  a  mixture  of 
duff  coal  breeze  and  the  refuse  of  saw-mills  and 
various  waste  materials  and  peat.  This  fuel  will 
contain  no  sulphur,  and  will  have  the  tendency  to 
diminish  the  sulphur  or  phosphorus  which  ore3 
generally  contain,  and,  therefore,  the  first  stage  of 
manufacture  will  produce  a  purer  process  than 
when  coals  and  coke  are  used.  He  also  proposes 
to  use  zinc,  tin,  and  lead  in  the  mixture  of  metals, 
as  may  be  required  to  produce  the  quality  of  iron 
wanted.  He  smelts  by  intensified  heat.  He  proposes 
to  obviate  the  necessity  for  puddling  by  arranging 
the  blast,  which  is  to  be  superheated  air  and  steam, 
in  different  jet  pipes,  which  are  to  enter  into  the  cu- 
polas at  various  places.  The  air  and  steam  pressure 
is  to  be  varied  and  regulated  by  valve  or  stopcocks 
in  the  pipes,  and  the  force  of  the  blast  will  puddle 
up  the  iron.  He  also  proposes  that  a  branch  pipe 
containing  air  and  steam  shall  impinge  upon  the 
metal,  which,  by  a  circuitous  route,  he  allows  to 
run  from  the  furnace,  and  hy  this  process  the  iron 
will  be  further  purified,  and  made  into  rolls  or 
balls  of  the  like  consistency  in  heat,  and  thus  be 
ready  for  the  steam-hammer  or  the  rolling-mill. 

The  reading  of  the  specification  was  most  atten- 
tively listented  to,  and  at  its  close  was  applauded. 

Mr.  Galloway  then  said  that  it  would  be  ob- 
served his  patent  specified  a  mode  to  make  special 
qualities  of  homogeneous  iron  for  ship  and  boiler 
plates,  which  iron  would  not  be  so  much  acted 
upon  by  the  corroding  action  of  water,  and  pos- 
sesses also  other  important  properties  of  strength 
and  toughness  ;  and  he  also  described  the  mode  of 
making  a  special  quality  for  armor-plates  rolled  to 
V"  form  on  the  horizontal  sectional  view.  This  out- 
er form  would  be  so  tempered  as  cutting  chisel 
steel  that  it  would  have  the  tendency  to  nullify  or 
prevent  the  penetration  of  shot  by  breaking  it  up, 
while  the  mode  of  filling  up  the  divisional  spaces 
in  the  armor-plates  with  wood  or  other  fibrous  ma- 
terial would  deaden  and  absorb  the  concussive  ef- 
fect of  shot,  and  that  such  description  of  armor 
might  be  easily  affixed  and  satisfactorily  construct- 
ed, that  he  hoped  it  was  destined  that  Providence 
had  made  choice  of  him  as  the  msdiuui  to  do  for 
and  effect  improvements  in  the  nv'jrafaeture  of  iron 
which  in  their  results  would  confer  as  great  com- 
mercial benefits  as  had  been  produced  in  the  manu- 
facture of  steel  by  that  truly  great  inventor,  Mr. 
Henry  Bessemer. 

THE  "  Engineer  "  states  that  the  oxyhydric  light 
has  not  proved  a  success  in  Paris,  and  that  it 
has  been  discontinued  in  the  public  lamps  on  the 
Boulevard  des  Italiens. 
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Rough  nut  =  1  1-2  times  diameter  of  bo'.t  4- 1-8  inch. 
Finished  nut  =  1  1-2  times  diameter  of  bolt  -J-  1-16  inch. 
Thickness  of  rough  nut  =  diameter   of  bolt. 
Thickness  of  finished  nut  —  diameter  of  bolt-1-16  inch. 
Diameter  of  rough  head  =  1  1-2  times  diameter  of  bolt  -j-  1-8  inch. 
Diameter  of  finished  head  =  1  1-2  times  diameter  of  bolt  4- 1-16  inch. 
Thickness  of  rough  head  =  one  half  distance  between  parallel  sides  of  head. 
Thickness  of  finished  head  =  diameter  of  bo'.t  -  1-16  inch. 


V*  This  Table  can  be  had  separately  on  a  card  of  the  Publishers  of  this  Magazine  on  the  receipt  of  25  c;nts. 
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KADIATION    AT    DIFFEEENT   TEMPEEATUEES. 


By  CAPTAIN  JOHN  ERICSSON. 
From  "Nature." 


Balfour  Stewart  states  in  his  "Elementa- 
ry Treatise  on  Heat,"  that  "Newton  was 
the  first  to  enunciate  his  views  on  the  cool- 
ing of  bodies.  He  supposed  that  a  heated 
body  exposed  to  a  certain  cooling  cause 
would  lose  at  each  instant  a  quantity  of 
heat  proportionate  to  the  excess  of  its  tem- 
perature above  that  of  the  surrounding  air." 
In  order  to  prove  the  fallacy  of  Newton's 
supposition,  Prof.  Stewart  presents  the  fol- 
lowing extract  from  the  work  of  MM.  Du- 
long  and  Petit : — 

Excess  of  temperature 
of  the  thermometer.  Velocity  of  cooling. 

°o.  °c. 

240 10.69 


220  

8.81 

200  ........ 

7  40 

180  

6  10 

160  

4  89 

140  

3  88 

120  

3  02 

100  

2  30 

80  

1.74 

"  "We  see  at  once  from  this  table,"  says 
Prof.  Stewart,  "  that  the  law  of  Newton 
does  not  hold,  for  according  to  it  the  velo- 
city of  cooling  for  an  excess  of  200  deg. 
should  be  precisely  double  of  that  for  an  ex- 
cess of  100  deg. ;  now  we  find  that  it  is  more 
than  three  times  as  much."  The  author  of 
the  "Elementary  Treatise  on  Heat"  thus  as- 
sumes that  the  velocity  of  cooling  established 
hy  Dulong  and  Petit,  represents  the  radiant 
Vol.  V1L  —No.  2—8 


energy  or  quantity  of  heat  transmitted  by  the 
radiator.  Consequently,  the  amount  of  en- 
ergy at  200  deg.  is  assumed  to  be  ■    '     = 

6.14  times  greater  than  at  80  deg. ;  while, 
agreeably  to  Newton's  law,  the  increase  of 
radiant   energy  should  be  proportional  to 

the   differential   temperature,    viz.,  —  =8 

times  that  of  the  tabulated  temperature  of 
80  deg.  Modern  research  having  estab- 
lished that  radiant  heat  is  energy  amenable 
to  the  laws  of  dynamics,  it  may  be  demon- 
strated that  the  deviation  from  the  Newto- 
nian doctrine  assumed  by  Dulong  and  Petit, 
is  groundless ;  but,  before  considering  the 
theoiy,  let  us  examine  the  practical  result 
of  recent  elaborate  experiments  conducted 
with  an  apparatus  containing  the  spherical 
radiator  adverted  to  in  the  preceding  article 
on  Solar  Temperature  (vol.  v.,  pp.  505-507). 
The  accompanying  illustration  (Fig-  1)  rep- 
resents a  vertical  section  of  the  said  appa- 
ratus, a  being  a  spherical  vessel  5  in.  in 
diameter,  suspended  within  an  exterior  cas- 
ing b,  filled  with  water.  A  spherical  radi- 
ator, c,  2.75  in.  in  diameter,  composed  of 
very  thin  copper,  charged  with  water  and 
coated  with  lamp-black,  is  sustained  in  the 
centre  of  the  sphere  a  by  means  of  tubes 
applied  above  and  below.  The  upper  tube 
is  large  enough  to  admit  the  bulb  of  a  ther- 
mometer, the  lower  one  being  only  suifi- 
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ciently  large  to  accommodate  a  small  axle, 
to  which  is  attached  a  paddle-wheel,  pro- 
vided with  curved  paddles,  arranged  in  such 
a  manner  that  the  bulb  of  the  thermometer 
may  be  inserted  considerably  beyond  the 
centre  of  the  sphere,  as  shown  in  the  illus- 
tration. The  external  casing  b,  is  provided 
with  nozzles,  g  and  d,  to  which  tubes  are 
attached  for  circulating  cold  water  through 
the  annular  space  during  experiments.  The 
air  is  exhausted  from  the  spherical  enclo- 
sure through  the  tube  k,  which  passes  across 
the  annular  space.  It  will  be  evident  that 
the  centrifugal  action  of  the  paddles  of  the 
wheel  applied  within  the  radiating  sphere 
will  produce  a  continuous  current  from  the 
centre  towards  the  circumference,  the  fluid 
successively  passing  over  and  coming  in 
contact  with  the  inside  of  the  thin  shell, 
then  returning  to  the  centre  to  be  again 
thrown  off  by  the  centrifugal  action.  The 
rotary  motion  of  the  water,  kept  up  without 
intermission  round  the  cylindrical  bulb  of 
the  thermometer,  will  evidently  render  its 
indication  prompt  and  reliable.  It  is  hard- 
ly necessary  to  observe  that  the  rapid  pre- 
sentation of  fresh  particles  of  water  promo- 
ted by  the  action  of  the  paddles,  will  effect- 
ually prevent  the  reduction  of  temperature 
to  proceed  faster  at  the  circumference  than 
at  the  centre,  the  radiation  at  the  surface, 
in  virtue  of  the  continuous  interchange  of 
particles,  affecting  almost  simultaneously 
every  molecule  within  the  sphere.  Conse- 
quently the  total  energy  of  radiation  will  be 
rendered  available  in  reducing  the  tempera- 
ture of  the  contents  of  the  radiator,  while 
the  central  thermometer  will  indicate  at 
every  instant  the  precise  degree  of  temper- 
ature of  the  entire  mass.* 

The  mode  of  conducting  the  experiment 
will  be  seen  by  the  following  statement : — 
A  wooden  cistern  containing  16  gallons, 
charged  with  water  and  crushed  ice,  is  con- 
nected by  flexible  tubes  to  the  nozzles  g  and 
d  on  opposite  sides  of  the  annular  space,  a 
pump  being  applied  between  the  cistern 
and  the  said  nozzles,  by  means  of  which  the 
cold  water  is  forced  through  the  apparatus 
and  then  returned  to  the  cistern. 


*  It  might  be  supposed  that  the  motion  of  the  water  within 
the  radiating  sphere,  produced  by  the  action  of  the  paddle 
wheel,  will  occasion  an  elevation  of  temperature  tending  to 
render  the  indication  of  the  central  thermometer  inaccurate, 
'lhe  requisite  speed  of  the  wheel  being  30  turns  per  minute, 
experiments  have  been  made  to  ascertain  if  at  that  rate  heat  is 
produced  ;  but  no  elevation  of  temperature  has  been  observed. 
The  diameter  of  the  wheel  being  2.37  in  ,  the  maximum  speed 
of  the  particles  of  water  produced  by  the  rotation  is  scarcely 
3.8  in.  per  second,  a  velocity  too  small  to  generate  appreciable 
heat. 


In  view  of  the  great  importance  of  the 
question  at  issue,  the  investigation  has  been 
conducted  with  the  utmost  care,  four  opera- 
tors having  invariably  been  employed  dur- 
ing the  experiments,  the  labor  being  thus 
divided :  1st  operator  regulates  the  tem- 
perature" of  the  water  in  the  cistern  by  con- 
tinual agitation  and  supply  of  crushed  ice 
from  time  to  time  ;  2d  operator  works  the 
pump  at  a  uniform  rate  ;  3d  operator  turns 
the  paddle-wheel  and  reads  the  thermome- 
ter under  a  magnifying  glass,  calling  time 
for  each  degree  at  the  instant  when  the  top 
of  the  mercurial  column  is  covered  by  half 
the  thickness  of  the  line  on  the  scale. 
Lastly,  the  4th  operator,  provided  with  a 
Casella  chronograph,  records  the  time 
called.  It  will  be  seen  presently  that,  not- 
withstanding this  procedure,  there  is  a 
slight  discrepancy  in  the  ratio  of  tempera- 
ture and  time,  viz.,  the  increment  of  time 
for  each  degree  is  not  regular.  Obviously 
the  most  practised  eye  cannot  determine 
exactly  at  what  moment  the  top  of  the  fall- 
ing column  is  half  covered  by  the  line  on 
the  thermometric  scale.  Again,  a  perfectly 
graduated  thermometer  cannot  be  obtained. 
But  the  discrepancy  referred  to  in  reality 
only  disfigures  the  record,  since  the  compu- 
tations are  based  on  mean  time.  Referring 
to  the  accompanying  table,  (see  p.  118)  it 
will  be  seen  that  the  rate  at  which  the 
spherical  radiator  cools  has  been  recorded 
separately  for  each  degree  of  differential  tem- 
perature from  100  to  10  deg.,  the  enclosure 
being  maintained  at  a  constant  temperature 
of  38  deg.  Regarding  the  construction  of 
the  table,  it  will  suffice  to  state  that  the  time 
entered  in  the  fourth  column  is  that  shown 
by  the  chronograph.  It  will  be  evident  on 
reflection  that  the  increment  of  time  for  each 
successive  degree  of  differential  temperature 
expresses  very  nearly  the  rate  of  cooling ; 
but,  the  recorded  times  being  irregular, 
from  causes  already  pointed  out,  the  true 
increment  cannot  be  determined  without  as- 
certaining the  mean  time  recorded  by  the 
chronograph.  This  mean  time  will  be  found 
in  the  fifth  column,  the  true  increment,  viz., 
the  number  of  seconds  during  which  the 
temperature  of  the  radiator  falls  one  degree, 
being  entered  in  the  last  column. 

Let  us  now  examine  the  accompanying 
diagram  (Fig.  2),  in  which  the  ordinates  of 
the  curve  a  b  represent  the  observed  time 
for  each  degree  of  differential  temperature, 
while  the  ordinates  of  the  curve  a  c  repre- 
sent the  corrected  time.     The  diagram  hav- 
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ing  been  constructed  with  the  utmost  exact- 
ness, in  accordance  with  the  temperature 
and  time  in  the  table,  mere  inspection  will 
show  that  the  observed  and  corrected  times 
have  produced  curves  nearly  identical. 
Agreeably  to  Newton's  law,  the  rate  of 
cooling  is  proportional  to  the  excess  of  tem- 
perature of  a  body  above  that  of  the  sur- 
rounding medium.  Hence  the  increment  of 
time  for  each  degree,  in  other  words,  the 
number  of  seconds  occupied  in  reducing  the 
temperature  of  the  radiator  1  deg.  (inserted 
in  the  last  column  of  the  table)  should  be 
proportional  to  the  differential  temperature 
inserted  in  the  third  column.  For  instance, 
the  rate  of  cooling  at  a  differential  tempera- 
ture of  49  deg.  being  39.80  sec.  for  1  deg.,  it 

should  be  —       "    =62.90  sec.  for  an  equal 

thermometric  interval  at  a  differential  tem- 
perature of  31  deg.  Referring  to  the  table, 
it  will  be  found  that  the  rate  thus  computed 
agrees  exactly  with  the  increment  of  time 
inserted  in  the  last  column  opposite  the  dif- 
ferential temperature  31  deg. 

Applying  a  similar  test  to  the  other  dif- 
ferential temperatures  and  rates  of  cooling 
contained  in  the  table,  the  same  exact  agree- 
ment will  be  found  to  exist.  Consequently, 
our  table  and  diagram  prove  that  the  rate 
of  cooling  is  proportional  to  the  differential 
temperature,  thus  establishing  the  correct- 
ness of  the  Newtonian  law.  Regarding  the 
discrepancy  indicated  by  the  slight  irregu- 
larity of  the  curve  ab.  the  writer  attributes 
the  same  to  the  difference  of  emissive  power 
of  the  radiator  at  different  temperatures. 
It  was  stated  in  the  preceding  article  (vol.  v., 
pp.  505-507),  that  the  radiant  power  of  1 
sq.  ft.  of  cast  iron  develops  0.080  thermal 
unit  per  minute  for  each  degree  of  differen- 
tial temperature  at  65  deg.,  and  0.337  unit 

at   3,000    deg. ;     hence    that   the    emissive 

ii  337 
power  is  increased  ■  '  '    =  4.21  times  for  an 
1  0.060 

increment  of  3,000-65=2.935  deg.  Ex- 
periments conducted  in  the  mean  time  show 
that  the  radiant  power  of  1  sq.  ft.  of  cast 
iron  maintained  at  a  differential  tempera- 
ture of  1,800  deg.  is  335  units  per  minute, 
hence  that  the  emissive  power  at  this  stage 

335 
of  incandescence  amounts  to  - — —  =  0.186 

1,800 

unit  for  each  degree  of  differential  temper- 
ature. Our  investigations  have  thus  proved 
that  at  65  deg.  the  emissive  power  is  0.080 


thermal  unit,  at  1,800  deg.,  0.186  unit  and 
at  3,000  deg.,  0.337  for  each  degree  of  differ- 
ential temperature.  We  have  accordingly 
established  the  fact  that  the  emissive  power 
increases  nearly  in  the  same  ratio  as  the  in- 
tensities, being  fully  quadrupled  between 
the  differential  temperature  of  65  deg.  and 
3,000  deg.  Let  us  be  careful  not  to  con- 
found this  increase  of  emissive  power  with 
the  increase  of  radiant  energy  resulting 
from  mere  augmentation  of  temperature. 
It  is,  no  doubt,  owing  to  the  change  of  the 
molecular  constitution  of  the  body  during 
heating  that  the  dynamic  energy  developed 
at  a  differential  temperature  of  3,000  deg.  is 
4.21  times  greater  than  it  should  be  in  ac- 
cordance with  the  Newtonian  law — a  tri- 
fling increase,  however,  compared  with  that  f 
resulting  from  adopting  the  computations  of 
Dulong  and  Petit,  whose  formula  shows 
that  for  the  stated  range  of  temperature  the 
ratio  of  radiant  energy  will  be  increased 
more  than  4,000  times.  It  would  be  pre- 
mature to  attempt  to  explain  the  cause  of 
the  change  of  the  radiant  properties  of  met- 
als at  different  temperatures  disclosed  by 
our  experiments,  until  further  investigations 
shall  have  established  the  exact  relation  be- 
tween the  actual  and  theoretical  energy  de- 
veloped. Considering  the  difference  of  mole- 
cular motion  within  metallic  bodies  at  white 
heat,  in  a  state  of  fusion,  and  at  the  freez- 
ing point  of  water,  we  need  not  be  surprised 
at  the  variation  of  emissive  power  observed 
during  our  experimental  investigation.  Nor 
are  we  justified,  in  view  of  this  variation  of 
emissive  power,  in  questioning  the  correct- 
ness of  Sir  Isaac  Newton's  assumption  that 
heated  bodies  of  definite  radiant  properties 
develop  mechanical  energies  proportional  to 
their  excess  of  temperature  over  the  sur- 
rounding media. 

[It  will  be  seen  that  the  engraver  has  in- 
dicated, in  Fig.  2,  a  continuous  space  be- 
tween the  curves  a  b  and  a  c,  whereas  the 
space  should  cease  at  one  portion,  the  curves 
intersecting  each  other  between  the  ordi- 
nates  25  and  30.  The  mistake,  however,  is  so 
trifling  that  it  can  scarcely  be  observed  with. 
the  naked  eye.  It  is  to  be  found,  on  look- 
ing at  the  table,  that  the  observed  times  are 
shorter  than  the  calculated  times  at  the 
high  temperatures,  while  the  observed  times 
are  longer  than  the  calculated  times  at  low 
temperatures  ;  hence  the  curves  must  inter- 
sect each  other. — Ed.] 
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Temperature 

Temperature 

Differential 
Temperature. 

Increment  of 

of  the 

of 

Observed  Time . 

Corrected  Time. 

time 

radiating  sphere. 

enclosure . 

for  each  degree . 

Fahr. 
o 

Fahr. 

c 

Fahr. 

o 

Seconds. 

Seconds. 

Seconds . 

133 

33 

100 

19.5 

19.50 

19.50 

182 

33 

99 

39 

39.19 

19.69 

131 

33 

98 

58 

59.08 

19.89 

130 

33 

97 

77 

79.18 

20.10 

129 

33 

96 

97 

99.49 

20.31 

128 

33 

95 

117 

120.01 

20.52 

127 

33 

94 

138 

140.75 

20  74 

126 

33 

93 

158 

161.71 

20.96 

125 

33 

92 

179 

182.90 

21.19 

124 

33 

91 

200 

204.32 

21.42 

123 

33 

90 

222 

225.98 

21.66 

122 

33 

89 

244 

247.89 

21  91 

121 

33 

88 

266 

270.04 

22.16 

120 

33 

87 

288 

292.45 

22.41 

119 

33 

86 

311 

315.12 

22.67 

118 

33 

85 

333 

338.06 

22.94 

117 

33 

84 

356 

361.27 

23.21 

116 

33 

83 

379 

384.76 

23.49 

115 

33 

82 

402 

408.54 

23.78 

114 

33 

81 

425 

432.61 

24.07 

113 

33 

80 

448 

456.98 

24.37 

112 

33 

79 

471 

481.66 

24.68 

111 

33 

78 

495 

506.66 

25.00 

110 

33 

77 

520 

531.99 

25.83 

109 

33 

76 

545 

557.65 

25.66 

108 

33 

75 

571 

583.65 

26.00 

107 

33 

74 

597 

610.00 

26  35 

106 

33 

73 

624 

636.71 

26.71 

105 

33 

72 

651 

663.79 

27.08 

104 

33 

71 

679 

691.25 

27.46 

103 

33 

70 

708 

719.10 

27.85 

102 

33 

69 

737 

747.36 

28.26 

101 

33 

68 

766 

776.03 

28.67 

100 

33 

67 

796 

805.13 

29.10 

99 

ah 

66 

827 

834.67 

29.54 

98 

33 

65 

858 

864.67 

30.00 

97 

33 

64 

889 

895.14 

30.47 

96 

33 

63 

920 

926.09 

80.95 

95 

33 

62 

953 

957.54 

31.45 

94 

33 

61 

985 

989.51 

31.97 

■    93 

33 

60 

1017 

1022.01 

82.50 

92 

33 

59 

1050 

1055.66 

33.05 

91 

33 

58 

1084 

1088.68 

33.62 

90 

33 

57 

1118 

1122.89 

34.21 

89 

33 

56 

1152 

1157.71 

34.82 

88 

33 

55 

1188 

1193.16 

35.45 

87 

33 

54 

1220 

1229.27 

36.11 

86 

33 

53 

1257 

1266.06 

36  79 

85 

33 

52 

1294 

1303.56 

87.50 

84 

83 

51 

1331 

1341.79 

38.23 

83 

,       33 

50 

1371 

1380.79 

89.00 

82 

33 

49 

1408 

1420.59 

39.80 

81 

33 

48 

1448 

1461.22 

40.63 

80 

33 

47 

1489 

1502.71 

41.49 

79 

33 

46 

1530 

1545.10 

42.39 

78 

33 

45 

1572 

15S8  43 

43.33 

77       * 

33 

44 

1615 

1632.73 

44.32 

76 

33 

43 

1659 

1678.10 

45.35 

75 

33 

42 

1704 

1724  53 

46  43 

74 

33 

41 

1751 

1772.09 

47.56 

73 

33 

40 

1802 

1820.84 

48.75 

72 

33 

39 

1852 

1870.84 

50.00 
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Temperature 

Temperature 

Differential 
Temperature. 

Increment  of 

of  the 

of 

Observed  Time- 

Corrected  Time. 

time 

radiating  sphere . 

enclosure. 

for  each  degree . 

Fahr. 

o 

Fahr. 

0 

Fahr. 

Seconds  . 

Seconds. 

Seconds. 

71 

33 

38 

1904 

1922.16 

51.32 

70 

33 

37 

1958 

1974.86 

52.70 

69 

33 

36 

2015 

2029.02 

54.16 

68 

33 

35 

2070 

2084.73 

55.71 

67 

33 

34 

2128 

2142.08 

57.35 

66 

33 

33 

2188 

2201.17 

59.09 

65 

33 

32 

2250 

2262.11 

60.94 

64 

33 

31 

2313 

2325.01 

62.90 

63 

33 

30 

2379 

2390.01 

65.00 

62 

33 

29 

2448 

2457.25 

67.24 

61 

33 

28 

2520 

2526.89 

69.64 

60 

33 

27 

2595 

2599.11 

72.22 

59 

33 

26 

2674 

2674.11 

75.00 

58 

33 

25 

2754 

2752.11 

78.00 

57 

33 

24 

2839 

2833.36 

81.25 

56 

33 

23 

2929 

2918.14 

84.78 

55 

33 

22 

3025 

3006.78 

88.64 

54 

33 

21 

3126 

3099.64 

92.86 

53 

33 

20 

3232 

3197.14 

97.50 

52 

33 

19 

3343 

3299.77 

102.63 

51 

33 

18 

3459 

3408.10 

108.33 

50 

33 

17 

3581 

3522.80 

114.70 

49 

33 

16 

3715 

3644.67 

121.87 

48 

33 

15 

3859 

3774  67 

130.00 

47 

33 

14 

4015 

3913.95 

139.28 

46 

33 

13 

4185 

4003.95 

150.00 

45 

33 

12 

4370 

4226  45 

162  50 

44 

33 

11 

4571 

4398.73 

177.28 

43 

33 

10 

4792 

4593.73 

195.00 

NABKOW  GAUGE  WOODEN  KAIL  WATS. 

By  H.  HAUPT,  C.  E. 


The  undersigned  proposes  a  system  of 
narrow-gauge  wooden  railways,  as  feeders 
to  trunk  lines  in  rural  districts  and  sparse- 
ly-settled localities,  which  can  be  construct- 
ed more  cheaply  than  ordinary  country 
roads  and  upon  which  transportation  can  be 
conducted  at  less  expense  than  on  ordinary 
railroads. 

The  system  has  been  tested  to  a  limited 
extent,  and  found  to  answer  admirably. 
The  construction — both  of  track  and  cars — 
is  characterized  by  extraordinary  economy 
and  simplicity ;  it  presents  many  novel 
features,  and  is  applicable  to  all  grades  and 
|o  any  locality. 

Track. — The  track  consists  solely  of  two 
parallel  lines  of  timber,  hewed  on  the  up- 
per and  inside  faces  at  right  angles  to  each 
other ;  the  other  two  sides  may  be  left 
rounding  or  roughly  hewed.  No  cross-ties 
whatever     are    used,    except    occasionally 


where  the  track  is  above  ground,  or  crosses 
streams  or  ravines.  The  string-pieces 
themselves  form  the  track,  and  they  are  laid 
in  trenches  and  filled  in,  so  that  the  top- 
surface  is  not  more  than  a  half-inch  above 
the  road-bed.  The  earth  packed  around 
them  will  effectually  prevent  spreading  of 
the  track  in  ordinary  ground,  but  in  soft 
places  a  few  stout  stakes  may  be  driven 
outside.  The  joints  are  lapped  and  pinned. 
Streams  are  crossed  by  putting  trestles  or 
posts  under  the  string-pieces,  and  the  track 
is  filled  in  with  timber  laid  parallel  to  the 
rails,  and  covered  with  earth  or  gravel,  for 
a  horse-pafch. 

Where  saw-mills  are  convenient,  sawed 
rails  of  hard  wood  may  be  pinned  on  the 
stringers,  and  renewed  when  worn  out  ; 
but  with  a  wide  tread  of  6  or  8  in.,  and 
wheels  of  wood,  as  is  proposed,  the  wear 
of  track  will  be  very  slight. 
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The  road-bed  may  be  narrow  ;  the  gauge 
of  track  not  more  than  3  ft.,  and  curves  of 
200  ft.  radius  can  be  turned  with  facility. 
Turnouts  will  not  in  general  be  required, 
as  the  cars  are  so  light  that  they  can  be 
run  on  or  off  the  track  with  facility  wher- 
ever the  ground  is  level.  The  cars  will 
generally  be  empty,  or  nearly  so,  in  one 
direction,  and  the  loaded  cars  would  have 
right  of  way.  Occasional  turnouts  will, 
however,  be  convenient. 

Caks. — The  cars  are  constructed  without 
springs,  and  the  wheels — which  are  the 
most  important  part — are  made  of  hard 
wood,  with  a  rim  of  cast  iron  for  a  flange, 
and  treads  of  6  or  8  in.  to  bear  on  the 
whole  surface  of  the  rail.  The  cost  of  a 
four-wheeled  car  would  be  about  $30,  and 
the  weight  about  800  lbs. 

Cost  op  the  System. — The  gra.ding  in 
general  will  cost  less  than  for  a  common 
road  ;  and  the  writer  has  just  finished  four 
miles  of  graded  wagon-road  along  side  a 
hill,  more  than  usually  difficult  of  construc- 
tion, at  a  cost  of  $125  per  mile  ;  the  road- 
bed 9  ft.  wide.  The  grading  for  a  narrow- 
gauge  wooden  railroad  should  cost,  in  the 
locality  of  the  writer  in  the  mountains  of 
Virginia,  not  more  than  $200  per  mile  ;  the 
hewing  of  the  timber,  $100  per  mile,  and 
laying,  $75  more, — in  all,  from  $300  to 
$400  per  mile, — assuming  timber  and  right 
of  way  to  be  furnished  without  charge  ;  if 
not,  the  cost  must  be  added. 

It  is  assumed  that  few  parties  can  be 
found  owning  lands  through  which  such  a 
road  would  pass  who  would  not  give  the 
right  of  way  freely,  and  also  cut  and  drag 
to  the  hue  of  the  road  all  the  timber  requir- 
ed for  stringers.  Many,  in  addition,  would 
cheerfully  undertake  to  grade  the  road 
through  their  property,  taking  stock  for 
their  consideration.  Under  such  circum- 
stances, it  is  believed  that  $300  per  mile 
will  cover  the  cost  of  the  railroad,  if  no  rock 
excavation  is  required. 

Influence  of  Geades. — On  an  ordinary 
railroad,  as  the  Pennsylvania,  with  the 
rolling-stock  there  employed,  the  traction 
on  a  straight  and  level  road  is  equivalent 
to  9  2-lUths  lbs.  per  ton  ;  and  the  angle 
of  friction  at  which  a  car  would  move  by 
gravity  is  23  ft.  to  the  mile. 

The  power  required  to  move  a  ton  on  a 
straight  and  level  wooden  track  can  only  be 
determined  by  experiment  with  the  cars 
proposed  to  be  used ;  but  it  will  probably 
be  safe  to  assume  it  at  16  lbs.  to  the  ton  of 


2,000  lbs.;  the  angle  of  friction  will  then 
be  42  ft.  to  the  mile, — on  which  grade  the 
tractive  power  will  be  required  to  be  doub- 
led. 

If  a  horse-power  be  estimated,  as  usual, 
at  33,000  lbs.  raised  one  foot  in  a  minute, 
it  will  be  equivalent  to  the  application  of  a 
tractive  power  of  187  lbs.  moving  at  two 
miles  per  hour. 

Assuming  that  an  average  horse  will 
exert  a  power  of  150  lbs.  at  a  speed  of  two 
miles  per  hour,  he  would  move  9.4  tons  on 
a  level,  4.7  tons  on  a  grade  of  42  ft.  to 
the  mile,  3.1  tons  on  a  grade  of  84  ft.,  2.3 
tons  on  a  grade  of  126  ft.,  1.9  tons  on  a 
grade  of  168  ft.,  and  1.6  tons  on  a  grade  of 
210  ft. 

The  weight  of  the  car  would  be  about 
700  lbs.;  so  that  a  horse  could  pull  about  a 
ton  and  a  half  on  a  grade  of  168  ft., — which 
grade  is  as  high  as  will  be  found  necessary 
ixnder  ordinary  circumstances. 

Cost  of  Transportation. — It  has  been 
found  that  one  horse  will  haul  3,000  lbs., 
exclusive  of  weight  of  car,  on  a  grade  of 
168  ft.,  and  two  horses  consequently  6,700 
lbs.  A  team  of  four  horses  on  an  ordinary 
country  road  in  good  condition  can  haul 
3,000  lbs. 

The  cost  of  a  pair  of  horses  and  driver  is 
$2  per  day — say  $2.50 ;  and  on  a  road 
with  undulating  grades,  the  maximum 
not  exceeding  168  ft.  to  the  mile,  twenty- 
five  miles  per  day  can  readily  be  accomplish- 
ed. The  cost  of  carrying  6,700  lbs.  twenty- 
five  miles,  exclusive  of  tolls,  would  there- 
fore be  $2.50,  which  is  equivalent  to  ten 
cents  per  mile  for  the  car  and  contents,  or 
about  three  cents  per  ton  per  mile.  Add 
one  cent  per  ton  per  mile  for  tolls,  and  the 
charge  would  be  four  cents  per  ton  per 
mile,  to  cover  all  expenses.  As  compared 
with  wagon-transportation,  the  charge  for 
twenty-five  miles,  with  full  loads,  is  usually 
fifty  cents  per  100  lbs.,  or  $10  per  ton — equiv- 
alent to  forty  cents  per  ton  per  mile,  or  ten 
times  as  much  as  the  cost  on  the  wooden 
railroad. 

On  Virginia  railroads,  for  short  distances 
of  fifty  miles  or  less,  local  freights  are 
charged  at  rates  of  six  to  ten  cents  per  ton 
per  mile.  » 

It  appears,  therefore,  that  the  cost  of 
transportation,  including  three  cents  per  car 
per  mile  for  tolls,  would  be  less  than  on 
ordinary  railroads,  and  only  one-tenth  the 
cost  of  wagon  transportation  on  common 
roads. 
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If  such  a  road  should  be  fifty  miles  long, 
the  cost  of  construction  would  be  covered  by 
$15,000  to  $20,000 ;  the  cars  would  be 
owned  by  individuals.  Two  men,  at  $600 
a  year,  would  keep  the  road  in  good  repair. 
To  cover  interest  and  repairs,  would  require 
only  $1,500  per  annum.  At  $1.50  toll  per 
car,  this  would  be  covered  by  1,000  cars  a 
year,  or  three  cars  per  day  in  both  directions. 
It  would  be  difficult,  perhaps,  to  find  a  lo- 
cation so  sparsely  settled  and  so  destitute  of 
resources  that  within  two  years  after  the 
opening  of  the  road  less  than  five  cars  per 
day  each  way  would  pass  over  it,  and  this 
amount  of  business  would  pay  a  dividend  of 
twenty  per  cent. 

This  calculation  has  been  based  on 
freight  only,  but  passengers  would  be  much 
more  remunerative.  For  a  distance  of  fifty 
miles  the  lowest  rates  would  not  be  less 
than  $5.  But  assume  a  charge  of 
$4  to  a  passenger ;  ten  passengers  to  a  car 
for  100  days  during  the  summer  season, 
and  five  to  a  car  each  way  for  the  balance  of 
the  year,  and  only  one  car  per  day  each  way, 
— the  receipts  from  passengers  would  be 
$16,000.  Deduct  expenses  of  ten  horses 
and  drivers,  $3,000,  leaves  $13,000,  which, 
with  the  freight  tolls,  would  pay  not  far  from 
100  per  cent,  dividends.  Certainly  there  is 
margin  enough  in  this  calculation  to  allow 
the  most  liberal  discount  for  contingencies 
and  still  leave  no  room  to  doubt  that  the  in- 
vestment would  be  profitable. 

Operation. — Although  empty,  or  partial- 
ly loaded  cars  can  be  run  off  the  track  and 
replaced  at  almost  any  point  with  facility, 
yet  it  will  be  convenient  to  have  passing 
places  at  intervals  of  half  a  mile.  Passen- 
ger cars  should  have  right  of  track,  and,  as 
they  will  run  to  schedule,  there  will  be  no 
difficulty  in  freight  cars  keeping  out  of  the 
way.  When  freight  cars  meet,  loaded  cars 
should  have  right  of  way  over  those  which 
are  empty  or  partly  loaded.  When  both 
are  loaded,  the  one  nearest  to  a  siding 
should  back.  The  cost  of  sidings  is  so 
trifling  that  they  might  be  placed  at  shorter 
intervals  if  found  desirable.  The  road 
could  be  used  as  a  turnpike  or  public  high- 
way,— individuals  putting  on  their  own  cars 
and  teams  and  paying  tolls.  The  Philadel- 
phia and  Columbia  Eailroad  was  operated  in 
this  way  for  some  years  after  its  construction. 

Such  a  system  of  construction  and  opera- 
tion of  narrow-gauge  wooden  railways,  with 
light  cars  and  broad  wooden  wheels,  com- 
bines so    many  advantages,  so  great  econo- 


my, and  such  extreme  simplicity,  that  it  is 
believed,  for  the  uses  to  which  they  are  ap- 
plicable, no  other  system  can  compare  favor- 
ably with  them,  and  their  general  introduc- 
tion will  no  doubt  be  rapid  in  all  localities 
where  timber  is  abundant. 
Locomotives  with  Rubber  Tyres  for  Wood- 
en Railways. — Traction  engines  for  common 
roads  with  rubber  tyres  have  been  successful- 
ly introduced  in  Great  Britain,  and  several  of 
them  are  now  being  manufactured  in  the  Uni- 
ted States.  These  locomotives  would  appear 
to  be  peculiarly  well  adapted  to  wooden  rail- 
roads such  as  are  now  prepared.  The  adhe- 
sion of  rubber  upon  wood  on  a  rail  8  in. 
broad  would  be  greatly  in  excess  of  iron  or 
steel  upon  iron,  on  ordinary  railroads,  and 
would  greatly  exceed  the  cylinder  power  as 
engines  are  now  constructed,  which  is  suffi- 
cient to  slip  the  wheels  on  a  dry  rail. 

The  traction  engines  for  ordinary  roads 
weigh  6  tons,  cost  $5,000,  and  with  the 
cylinders  6  by  10  in.  haul  18  tons  gross 
on  inclinations  of  1  in  30.  Wooden  rail- 
roads would  require  an  engine  specially 
adapted  to  their  use  ;  they  should  have  four 
connected  drivers,  weigh  about  6  tons,  and 
run  at  a  maximum  speed  for  passengers  of 
12  to  15  miles  per  hour,  and  for  freight 
6  miles  per  hour.  In  the  absence  of  direct 
experiment,  it  may  safely  be  assumed  that 
the  adhesion  of  rubber  on  a  broad  wooden 
rail  would  not  be  less  than  l-4th  the  weight, 
or  3,000  lbs.,  and  at  6  miles  per  hour  would 
develop  a  power  of  60  horses,  and  with 
sufficient  cylinder  and  boiler  capacity  should 
haul  on  a  level  188  tons  gross,  on  a  grade 
of  174  ft.  44  tons,  with  a  consumption  of 
coal  of  100  lbs.  per  mile,  or  one  ton  to  20 
miles.  At  this  rate  the  cost  of  motive  pow- 
er per  ton  of  gross  load  per  mile  on  a  grade 
of  1  in  30  would  be  covered  by  about  one- 
half  a  cent  including  engineer,  fireman,  fuel 
and  repairs,  while  the  proportion  of  paying 
to  dead  weight,  instead  of  being  1  to  2  as  on 
ordinary  roads,  would  be  probably  2  to  1,  or 
four  times  as  favorable,  the  cars  when  fully 
loaded  carrying  3-4ths  of  the  gross  load  of 
the  train  as  paying  freight. 

Such  a  system  would  probably  prove  to 
be  as  far  in  advance  of  the  ordinary  narrow- 
gauge  roads  with  iron  rails  in  economy  of 
construction  and  operation, as  these  are  claim- 
ed to  be  superior  to  ordinary  wide-gauge 
roads,  and  could  be  introduced  even  in  poor 
and  sparsely  settled  localities,  to  furnish  an 
avenue  to  market  for  coal,  iron,  timber,  or 
stone. 
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In  the  discussion  of  the  merits  of  wooden 
railroads  with  intelligent  practical  men,some 
valuable  suggestions  have  been  made  ;  one 
is,  to  apply  such  a  road  to  canal  propulsion. 
The  wide  wooden  rails  laid  even  with  the 
surface  of  the  tow  path,  the  locomotive  for 
towing  provided  with  rubber  tyres  or  with 
wooden  wheels  made  in  a  peculiar  manner, 
which  would  secure  great  strength.  The 
track  would  not  interfere  with  the  use  of 
the  tow  path  by  horses.  An  arrangement 
was  also  suggested  by  which  flanges  could 
be  dispensed  with  on  the  drivers,  and  the 
engine  run  off  or  on  the  track  at  the  pleas- 
ure of  the  engineer. 

Wooden  railroads  have  long  been  used 
for  various  purposes,  but  they  have  been 


constructed  of  light  sawed  rails  pinned  on 
cross  ties.  Such  roads  have  not  given  satis- 
faction ;  they  soon  go  to  pieces  under  the 
action  of  iron  wheels  with  narrow  tread  and 
heavy  loads.  The  peculiarity  of  the  plan 
now  proposed  consists  in  dispensing  with 
cross  ties,  using  a  heavy  stringer  sunk  in 
the  ground  nearly  level  with  the  road  bed 
as  the  rail,  a  very  wide  surface  of  6  or  8  in. 
for  the  rail,  and  an  equally  wide  tread  for 
the  wheels.  Such  roads  would  be  free  from 
the  defects  of  ordinary  wooden  railroads,  and 
would  be  so  cheaply  constructed  that  no  lo- 
cality need  be  without  a  railroad.  Their  in- 
fluence in  promoting  the  settlement  and  de- 
velopment of  a  new  country  would  be  very 
great. 


ON  AEMOE-PLATED  SHIPS. 

By  J.  M.  HYDE,  Esq. 
From  the  "  Journal  of  the  Society  of  Arts." 


I  need  hardly  say  to  the  Society  of  Naval 
Architects  that  the  subject  of  armor-plated 
ships  for  coast  defence,  or,  indeed,  for  any 
other  duty,  is  of  the  deepest  importance  at 
the  present  time.  No  one  knows  so  well  as 
those  who  have  given  any  attention  to  naval 
construction,  how  difficult  it  has  been  to  ar- 
range a  ship  that  shall  contain  all  the  re- 
quisites necessary  for  a  ship  of  war,  even 
under  the  old  system  ;  modern  invention  has 
given  us  material  so  vastly  different  to  any- 
thing known  to  the  men  who  fought  our 
great  naval  actions  in  former  days,  that  the 
entire  system  of  actions  will  have  to  be 
changed  when  the  next  great  fight  takesplace. 

Your  Society  has  thought  fit  to  place  the 
subject  of  armor-plated  ships  for  coast  de- 
fence the  first  on  its  list.  The  prominence  so 
given  proves  that  they  esteem  it  a  subject  of 
deep  interest,  as  well  as  one  needing  dis- 
cussion and  investigation,  thus  showing  that 
at  present  there  is  some  doubt  as  to  what  is 
the  proper  form  of  ship  for  coast  defence. 
The  contest  between  the  guns  and  the  armor 
plates  has  not  ended,  for  so  long  as  the  guns 
progress  in  power  so  must  the  armor  advance 
in  strength  ;  this  is  shown  by  the  increase 
from  4  in.,  the  first  thickness  of  plates  em- 
ployed, to  the  present,  10  in.  and  12  in.,  thus 
attempting  to  keep  pace  with  the  guns.  Ar- 
tillerymen will  tell  you,  that,  no  matter  how 
thick  or  complex  the  armor,  if  placed  verti- 
cally they  will  be  able  to  destroy  it ;  no 
matter  how  thick  the  armor,  it  can  be  broken 


up  by  the  modern  shell.  If  this  is  conceded, 
if  it  is  acknowledged  that  the  guns  can  de- 
stroy the  armor  on  a  ship's  side,  then  it 
seems  to  be  desirable  to  examine  if  there  is 
not  some  other  system  of  construction  that 
shall  stop  the  guns  in  their  victory.  Much 
professional  ability  has  been  given  to  the 
arrangement  of  ships  with  low  free-board, 
offering  small  resistance  to  the  enemy's  fire. 
Such  ships  admit  of  thicker  plates  being 
carried  than  those  with  high,  lofty  broad- 
sides, and  are,  no  doubt,  with  their  turrets 
fitted  on  a  breastwork,  the  most  formidable 
of  all  the  ships  yet  built ;  but  still  they  are 
vulnerable,  and,  being  so,  are  not  of  so  much 
value  as  they  should  be.  All  vertical  struc- 
ture, both  hull  and  breastwork,  can  be 
penetrated,  and  the  question  will  very  natu- 
rally be  asked,  Why  not  seek  some  other 
form  of  construction  so  that  the  men  who 
may  have  to  fight  the  future  naval  battles 
of  England  may  have  a  chance  of  escape 
given  them? 

In  offering  for  the  consideration  of  your 
Society  a  different  form  of  vessel  from  that 
hitherto  adopted,  I  am  quite  aware  of  the 
very  searching  criticism  that  will  be  given 
to  it ;  indeed,  the  importance  of  the  subject 
demands  that  every  possible  investigation 
experience  and  experiment  can  bring  should 
be  brought  to  its  careful  study ;  and  I  am 
quite  sure  that  the  members  of  this  institu- 
tion will  receive  with  attention  any  reasona- 
ble suggestion,  even  from  so  humble  a  per- 
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son  as  myself.  Permit  me,  then,  to  say  that, 
so  for  back  as  1854,  I  began  experiments 
with  angular  targets,  quite  believing  even 
then  that  the  guns  would  succeed  in  pene- 
trating armor-plates.  I  am  fortunate  in 
having  a  letter  still  in  my  possession  from 
the  late  Admiral  Sir  Byham  Martin,  refer- 
ring to  a  proposition  made  and  submitted  to 
him  for  the  construction  of  armor-plated 
gun-boats.  I  refer  to  it  to  show  that  this 
question  of  angular  sides  for  ships  has  been 
of  long  continuous  investigation,  and  I  am 
not  aware  of  any  one  having  given  earlier 
attention  to  it. 

The  difficulty  and  cost  of  constructing 
ships  with  vertical  sides  equal  to  resist  the 
impact  of  modern  projectiles  is  now  gener- 
ally acknowledged.  It  therefore  becomes 
necessary  to  make  some  other  arrangement, 
and,  in  the  absence  of  a  better,  I  am  per- 
mitted to  bring  before  this  society  my  sys- 
tem of  double  deflection.  The  models  and 
drawings  now  produced  represent  that  sys- 
tem. In  suggesting  this  form  for  a  fighting- 
ship,  I  have  kept  in  view  all  the  essentials 
necessary.  These  are,  first,  stability  and 
safety ;  second,  invulnerability  ;  third,  light 
draught  of  water  ;  fourth,  comfort  and  ac- 
commodation for  the  crew.  The  first  of 
these  essentials,  stability  and  safety,  can  be 
illustrated  by  the  sectional  models.  These 
show  sections  of  two  vessels,  one  the  ordi- 
nary ship  of  low  free-board,  the  other  a 
section  of  a  double  deflecting  ship.  Thee 
are  arranged  to  be  both  of  equal  displace- 
ment, there  being  the  same  number  of 
square  inches  in  each  midship  section.  An 
experiment  with  these  models  shows  that 
in  the  first  a  given  weight  placed  on  the 
decks  will  capsize  it;  but  the  same  weight 
placed  on  the  deflecting  model,  in  the  same 
position,  will  have  very  little  effect  indeed, 
and  even  when  placed  on  the  outside  of  the 
deck  will  not  have  the  same  influence,  thus 
proving  the  stability  and  safety  of  the  one 
over  the  other.  Actual  experience  thus 
shows  the  great  advantage  of  an  open-sided 
ship,  especially  its  ability  to  carry  heavy 
weights,  such  as  turrets  and  guns,  at  a  great- 
er height  than  the  ordinary  vertical-sided 
ships.  And  as  regards  the  invulnerability 
of  deflecting  ships,  I  am  quite  prepared  to 
assert  that  no  projectile  can  penetrate  the 
hardened  surface  of  a  sloping  or  deflecting 
side.  What  I  mean  by  the  hardened  sur- 
face is  this,  I  do  not  propose  to  use  the  very 
soft  material  now  employed  in  the  manufac- 
ture of  armor-plates,  such  as   our  present 


ships  are  plated  with.  Modern  guns  will 
send  their  projectiles  through  the  thickest 
plate  yet  made  ;  and,  according  to  the  high- 
est authority,  even  24  in.  of  iron  will  not 
resist  the  gun  power  that  can  be  produced. 
If  this  is  so,  why  not  try  the  effect  of  a  de- 
flecting side  to  a  ship,  and  give  the  plates  a 
hard  surface  on  the  outside  ?  Material  can 
be  produced,  a  sample  of  which  I  have  here, 
that  is  soft  on  the  one  side  and  hard  on  the 
other.  The  effect  of  a  shot  upon  the  hard 
surface  is  like  the  blow  of  a  hammer  on  the 
face  of  an  anvil ;  it  is  the  velocity  of  a  pro- 
jectile that  makes  it  penetrate  ;  and  a  hard- 
ened surface  will  deflect  any  projectile  that 
strikes  it  with  even  the  highest  velocity  at 
an  angle.  I  therefore  propose  that  the  side 
of  a  fighting  ship  should  be  formed  with  an 
angle  above  and  below  the  water-line,  as  is 
shown  by  the  model  on  the  table,  and  that 
the  apex  of  the  angle  should  be  arranged  to 
be  some  3  ft.  above  the  water-line  ;  thus, 
such  a  ship  would  be  difficult  to  hit  fair, 
there  being  no  face  of  the  surface  square  to 
horizontal  fire,  neither  at  the  sides  nor  ends. 
The  decks  and  bottom  must  stand  the  same 
chances  as  in  other  ships  ;  these  will  no 
doubt  have  to  be  made  very  much  stronger 
than  in  our  recent  ships.  The  bottoms  will 
have  to  be  made  to  offer  some  resistance  to 
the  torpedoes,  and  instead  of  being  only 
half-inch  thick,  I  should  submit  2  in.  at  least, 
and  not  less  than  1  ft.  of  timber  on  the  out- 
side ;  in  any  case  the  bottom  of  all  the  fu- 
ture ships  must  be  made,  or  at  least  they 
ought  to  be  made,  to  offer  a  greater  resist- 
ance to  an  explosion  than  the  water  in  which 
they  swim  ;  this  can  only  be  proved  by  ex- 
periment ;  and  in  the  present  condition  of 
this  great  question  it  would  be  a  wise  ex- 
penditure to  construct  a  section  of  a  ship, 
with  say  a  2-in.  bottom  and  1  ft.  of  timber, 
for  the  purpose  of  an  experiment.  We  hear 
a  good  deal  about  ramming  when  the  ships 
of  the  modern  days  are  spoken  of.  Now,  it 
occurs  to  me,  that  a  deflecting  ship,  such  as 
this  model  represents,  would  offer  a  good 
deal  of  resistance  to  that  manoeuvre  ;  and  I 
am  inclined  to  think  the  apex  of  the  angle 
of  such  a  ship  would  do  more  injury  to  the 
ramming  ship  than  she  would  receive  from 
such  an  attack.  There  is  also  another  ad- 
vantage, and  not  the  least  in  the  arrange- 
ment of  a  fighting- ship,  and  that  is  the 
superior  accommodation  for  the  orew.  Now, 
this  is  certainly  a  matter  of  very  great  im- 
portance, and  however  much  ingenuity  is 
expended  in  the  design  of  a  fighting-ship, 
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it  should  not  be  forgotten  that  the  men  who 
must  fight  the  modern  ships  will  be  a  much 
more  valuable  class,  from  the  fact  of  the 
complexity  of  the  machinery  requiring  a 
higher  education,  and  therefore  should  be 
taken  every  possible  care  of.  Now,  a  ship 
that  requires  artificial  ventilation,  like  a  coal 
mine,  is  not  particularly  agreeable  as  regards 
comfort  for  a  closely  packed  crew,  for  should 
the  machinery  of  the  blowing  arrangement 
get  out  of  order  during  the  excitement  of  a 
fight,  the  crew  may  stand  a  fair  chance  of 
suffocation  for  want  of  air.  In  the  case 
of  the  deflecting  ship,  the  deck  being  above 
the  water-line,  ample  room  is  given  for  the 
crew,  without  the  necessity  of  there  being 
artificial  means  employed  for  obtaining  the 
necessary  air  to  breathe — in  fact,  all  the 
essentials  of  a  fighting-ship  can  be  obtained 
by  this  system — invulnerability,  steadiness 
of  gun  platform,  easy  draught  of  water, 
comfort  for  the  crew,  and  moderate  cost  of 


construction.  I  produce  samples  of  iron 
fired  at  vertically  by  a  model  gun,  and  also 
of  tempered  steel,  fired  at  an  angle  of  22 
deg.,  clearly  showing  the  advantage  of  ang- 
ular structures.  I  also  produce  samples  of 
wood  used  to  deflect  the  same  projectiles. 
This  also  proves,  that  even  timber  when 
placed  at  so  low  an  angle  as  22  deg.  to  the 
line  of  fire,  is  capable  of  resisting  a  pro- 
jectile of  the  more  modern  type.  In  sub- 
mitting this  particular  form  of  ship  for  con- 
sideration, I  am  quite  sure  all  who  are  in- 
terested in  the  success  of  the  British  navy 
will  give  me  credit  for  a  desire  to  maintain 
that  power  our  common  country  has  hither- 
to possessed,  for,  however  brave  our  sailors, 
and  however  skilful  the  officers,  our  ships 
should  certainly  have  every  possible  advan- 
tage that  united  ingenuity  can  give  them, 
or  the  skill  and  bravery  of  those  who  handle 
them  may  be  wasted  in  fruitless  combat 
when  the  pinch  comes. 


EXPLOSIVE  AGENTS  APPLIED  TO  INDUSTKIAL  PUKPOSES. 

By  MR.  F.  A.  ABEL,  F.  E.  S.* 
From  "The  Mechanics'  Magazine." 


The  nature  and  properties  of  gunpowder, 
and  its  special  advantages  and  defects  as  an 
explosive  agent  for  industrial  purposes,  were 
first  briefly  reviewed.  The  application  of 
chlorate  of  potash  to  the  production  of  mix- 
tures more  violent  than  gunpowder  was  dis- 
cussed, their  general  susceptibility  to  explo- 
sion by  friction  or  blows  was  pointed  out, 
and  some  comparatively  safe  compounds  of 
this  class,  such  as  Horsley's  powder  and  a 
substance  called  Tutonite,  were  specially 
noticed.  The  salts  of  an  organic  acid,  called 
picric  acid,  now  produced  in  large  quantities 
by  the  action  of  nitric  acid  on  the  well- 
known  antiseptic  carbolic  acid,  were  describ- 
ed as  endowed  with  explosive  properties,  and 
as  furnishing  very  powerful  agents  when 
mixed  with  chlorate  of  potash  or  saltpetre. 
Of  these  the  "  poudre  picrate,"  or  mixture 
of  picrate  of  potash  and  chlorate  of  potash, 
was  the  most  violent,  but  was  far  too  dan- 
gerous, on  account  of  the  readiness  with 
which  it  exploded  by  friction,  to  permit  of 
its  technical  application.  A  mixture  of  pic- 
rate of  ammonia  and  saltpetre,  designated 
"picric  powder"  by  the  author,  was  de- 
scribed as  certainly  not  more   dangerous  to 

*  Inst.  C.  E.,  14th  May. 


manufacture  and  to  use  than  gunpowder ; 
considerable  quantities  had  been  produced 
with  the  ordinary  appliances  of  gunpowder- 
works,  and  the  material  had  received  safe 
and  successful  employment  as  a  violently 
explosive  charge  for  shells. 

Numerous  other  products  of  the  action  of 
nitric  acid  upon  organic  substances,  endowed 
with  explosive  properties,  were  stated  to  ex- 
ist, but  only  two  of  them — nitro-glycerine 
and  gun-cotton — had  hitherto  received  prac- 
tical application,  and  these  two  constituted, 
at  the  present  time,  the  chief  rivals  of  gun- 
powder in  many  of  its  most  important  uses. 
Attempts  were  made  to  apply  gun-cotton 
immediately  after  its  discovery  in  1846,  and 
long  before  its  properties  were  understood  ; 
but  nitro-glycerine,  which  was  discovered  in 
1847,  had  continued  a  chemical  curiosity  for 
sixteen  years,  its  manufacture  and  applica- 
tion having  been  developed  during  the  last 
nine  years. 

The  early  history  of  gun-cotton  was  briefly 
referred  to,  and  it  was  shown  that,  even  in 
the  first  days  of  its  production  and  applica- 
tion, important  results  were  arrived  at, 
though  the  too  hasty  attempts  to  utilize  it 
led  to  its  speedy  abandonment,  as  a  highly 
dangerous  material,  by  all  but  the  Austrians. 
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The  improvements  effected  by  Baron  von 
Lenk  in  the  application,  as  well  as  in  the 
manufacture  of  gun-cotton,  which  first  be- 
came public  in  1863,  led  to  a  resumption 
of  the  employment  of  this  agent  in  England, 
and  to  its  careful  study  by  a  special  Grovern- 
ment  Committee  and  others.  The  advan- 
tages of  the  Austrian  gun-cotton,  as  a  min- 
ing, quarrying,  and  engineering  agent,  were 
pointed  out,  as  also  the  considerable  im- 
provements in  point  of  power,  economy,  safe- 
ty and  convenience  in  use,  in  facility  and 
uniformity  of  product'on,  which  had  been 
effected  by  the  reduction  of  gun-cotton  fibre 
to  a  finely  divided  condition,  and  its  subse- 
quent conversion  into  highly  compressed 
homogeneous  masses.  The  rigidity  of  the 
charges  of  gun-cotton,  and  their  consequent 
occasional  tendency  to  become  jammed  in 
irregularly-shaped  blast-holes,  were,  how- 
ever, shown  to  be  occasional  sources  of  ac- 
cident ;  and  the  necessity  for  strongly  con- 
fining gun-cotton,  in  order  to  develop  its 
full  explosive  force,  was  a  defect  which  ex- 
isted until  recently,  and  had,  for  a  time, 
rendered  the  material  decidedly  inferior  to 
nitro-glycerine. 

An  account  was  next  given  of  the  success- 
ful manner  in  which  Mr.  Alfred  Nobel  had 
developed  the  practical  condition  of  nitro- 
glycerine. His  discovery,  that  the  explosion 
of  the  liquid  could  be  brought  about  through 
the  agency  of  a  detonation,  and  its  success- 
ful manufacture,  combined  to  furnish  the 
industrial  world  with  the  most  powerful  ex- 
plosive agent  hitherto  susceptible  of  appli- 
cation, and  which  agent,  from  its  high  spe- 
cific gravity  and  insolubility  in  water,  pre- 
sented the  special  advantage  that  it  could  be 
used  in  positions  whence  water  could  not 
be  excluded.  The  poisonous  nature  of  the 
substance  constituted  an  objectionable  qual- 
ity, and  some  uncertainty  occasionally  at- 
tended its  employment,  but  its  principal  de- 
fects arose  from  the  fact  of  its  being  a  liquid, 
and  from  the  comparatively  high  tempera- 
ture at  which  it  froze.  The  majority  of  the 
numerous  fearful  accidents  which  had  occur- 
red during  the  transport  and  handling  of 
nitro-glycerine,  appeared  to  be  caused  by  the 
accidental  leakage  of  the  liquid  from  recep- 
tacles in  which  it  was  confined.  The  liabil- 
ity of  such  leakages  to  escape  observation, 
and  to  lead  to  accidental  explosions  which 
would  be  transmitted  to  the  confined  nitro- 
glycerine, and  the  reckless  manner  in  which 
the  frozen  nitro-glycerine  had  been  frequent- 
ly dealt  with,  in  consequence  of  its  apparent- 


ly inert  condition,  had  been  fruitful  sources 
of  disaster,  which  had  rendered  the  liquid, 
in  its  pure  condition,  a  very  unsafe  material 
for  employment  as  a  mining  agent.  But 
Mr.  Nobel  had  succeeded  in  applying  nitro- 
glycerine in  a  simple  manner,  by  which  its 
defects,  arising  out  of  the  liquid  nature  of 
the  material,  were  remedied.  He  mixed 
nitro-glycerine  with  a  porous  and  finely- 
divided  silicious  earth,  and  thus  obtained  a 
solid  but  plastic  preparation,  which  could 
be  conveniently  handled  and  converted  into 
charges  of  suitable  dimensions,  susceptible 
cf  application  like  any  other  solid  explosive 
agent,  and  capable  of  detonation  quite  as 
readily  as  the  pure  nitro-glycerine.  This 
mixture,  called  dynamite,  and  of  which  one 
or  two  varieties  were  prepared  by  Nobel, 
was  stated  to  be  one  of  the  safest,  most  con- 
venient, and  most  powerful  blasting  and 
mining  agents.  As  now  manufactured  in  the 
form  of  compressed  charges,  it  retained  as 
much  as  75  per  cent,  of  nitro-glycerine,  with- 
out exhibiting  any  tendency  to  a  separation 
of  the  liquid  during  transport  and  storage. 

Several  other  nitro-glycerine  preparations 
of  more  recent  production  were  referred  to, 
all  of  which  might  be  regarded  as  modifica- 
tions of  dynamite.  In  some  of  them,  such 
as  Horsley's  mining  powder,  dualine  and 
glyoxiline,  solid  explosive  compounds  of 
mixtures  were  employed  instead  of  porous 
silica  as  the  absorbents  of  nitro-glycerine ; 
in  others,  as  in  lithofracteur,  the  silicious 
earth  and  nitro-glycerine  contained  in  dyn- 
amite were  in  part  replaced  by  semi-explo- 
sive substances,  for  example  by  gunpowder 
constituents.  None  of  these  newer  prepara- 
tions contained  so  high  a  proportion  of  nitro- 
glycerine as  dynamite,  and  although  some 
of  them,  such  as  lithofracteur,  might  vie 
with  it  in  regard  to  safety,  it  was  scarcely 
possible  that  the  substitution  of  other  explo- 
sive substances  for  a  proportion  of  nitro- 
glycerine in  the  mixture  could  result  in  the 
production  of  an  equally  powerful  explosive 
agent. 

When  it  was  found,  by  recent  experi- 
ments, that  gun-cotton  in  the  compressed 
form  could  be  exploded  by  detonation  like 
nitro-glycerine  and  its  preparations,  that 
substance  proved  to  be  quite  analogous  to 
them  in  its  behavior,  though  the  pure 
nitro-glycerine  remained  somewhat  the 
strongest  explosive  agent.  The  suddenness 
of  the  explosion  developed  by  detonation 
permitted  of  the  application  of  compressed 
gun-cotton  and  nitro-glycerine  to  purposes 
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of  destruction  without  any  confinement,  and 
thus  operations  could  be  expeditiously  and 
effectually  carried  out  with  comparatively 
small  quantities  of  these  materials,  which 
could  only  be  accomplished  by  exorbitantly 
large  charges  of  gunpowder.  The  rapid 
demolition  of  military  works,  bridges,  etc., 
the  breaking  up  of  boulders,  large  masses 
of  rock,  guns,  or  castings  or  forgings,  were 
quoted  as  operations  of  this  class. 

The  author  pointed  out  some  of  the 
causes  of  the  great  difficulty  experienced  in 
arriving  at  anything  approaching  a  precise 
estimate  of  the  relative  power  and  effect  of 
different  explosive  agents.  Taking  dynamite 
as  the  type  of  the  practically  useful  nitro- 
glycerine preparations,  and  as  certainly  one 
of  the  strongest,  experience  had  shown  it 
and  compressed  gun-cotton  to  be  about  on 
an  equality  in  point  of  power,  and  to  exhibit, 
in  their  most  advantageous  applications,  a 
strength  which  was  estimated  at  six  times 
that  of  powder.  The  plastic  nature  of  dyn- 
amite and  its  power  of  resisting  penetration 
by  moisture,  gave  it  advantages  over  com- 
pressed gun-cotton,  as  it  could  be  used  in 
wet  blast-holes,  and  as  very  irregular  holes, 
or  holes  terminating  in  fissures,  could  be 
more  conveniently  and  heavily  charged 
with  it  than  with  gun-cotton.  On  the  other 
hand,  the  readiness  with  which  dynamite 
froze,   and  its  inertness  unless   thawed,  or 


fired  by  special  arrangements,  and  the  un- 
pleasant effect  experienced  occasionally  by 
those  using  it,  were  inconveniences  not 
shared  by  gun-cotton.  The  advantages 
presented  by  these  materials,  in  their  gene- 
ral application  as  blasting  agents,  were 
shown  to  consist  chiefly  in  saving  of  time 
and  labor,  especially  in  tunnelling  or  in 
blasting  in  hard  rock.  They  were  also 
susceptible  of  advantageous  employment  as 
auxiliaries  to  gunpowder,  in  the  rapid  re- 
moval of  large  masses  of  rock,  or  of  sub- 
merged wrecks ;  the  violent  explosive  agent 
being  first  used  to  produce  extensive  rend- 
ing and  shattering  effects,  and  the  superior 
displacing  effect  of  powder  being  afterwards 
brought  to  bear.  It  was  pointed  out  that  gun- 
powder could  not  be  satisfactorily  replaced 
by  these  violent  explosive  agents  in  some 
kinds  of  work,  where  its  comparatively  gradu- 
al action  was  a  specially  valuable  feature. 

In  conclusion,  the  author  showed  that,  in 
the  application  of  gunpowder  to  industrial 
purposes,  some  decided  advance  had  lately 
been  made,  for  its  violent  explosion  could 
be  developed,  like  that  of  all  other  explos- 
ive mixtures  and  compounds,  through  the 
agency  of  a  detonation,  whereby  its  action 
might  be  considerably  intensified,  and  its 
application  to  some  important  classes  of 
work,  e.  g.,  in  submarine  operations,  greatly 
facilitated. 


CHARCOAL-USING  BLAST  FURNACES. 

By  G.  FRASER. 
From  "The  Engineer." 


When  lately  considering  the  questions 
involved  in  the  selection  of  sites  for  char- 
coal iron- works,  the  writer  arrived  at  the 
conclusion  that  attempts  at  increase  of  pro- 
duction by  undue  concentration  of  the  blast 
furnaces  in  any  single  locality  represented 
a  policy  at  once  ruinous  and  suicidal ;  and 
he  further  endeavored  to  point  out  how  im- 
portant were  the  considerations  which 
should  be  weighed  in  deciding  whether  the 
ore  should  go  to  the  fuel  or  the  fuel  be 
taken  to  the  ore.  Apart,  of  course,  from 
any  special  circumstances,  either  in  regard 
to  the  position  of  the  mineral  deposits  or  the 
position  of  the  forests  with  reference  to 
thdm,  his  opinion  was  expressed  to  be  in 
favor  of  taking  the  ore  to  the  fuel,  with  the 
open  alternative  of  both  being  brought  to- 
gether at  some  point  relatively  accessible  to 


either.  Having  regard  to  the  necessities  of 
cheap  means  of  transit  and  the  primitive 
character  of  the  countries  to  which,  for 
reasons  which  he  pointed  out,  charcoal  iron- 
making  operations  are  almost  absolutely 
confined,  the  result  of  his  considerations 
was,  that  the  banks  of  rivers  appeared  to 
him  to  be  in  most  cases  the  likeliest  spots 
where  suitable  sites  would  be  found,  and 
for  the  positions  of  permanently  placed  fur- 
naces ;  to  that  opinion  he  still  distinctly 
adheres.  There  may  be,  however,  and  he 
conceives  it  is  far  from  improbable,  ciAum- 
stances  under  which  such  sites  might  not 
only  be  unattainable,  but  even  non-existent, 
and  then  would  arise  the  question  for  de- 
cision, of  how  far,  in  view  of  the  constantly 
shifting  nature  of  the  fuel  supplies,  it  is 
good  policy  to  adopt,  for  blast  furnaces  at 
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least,  anything  like  a  permanent  location. 
That  this  is  a  somewhat  novel  view  to  take 
of  the  policy  which  should  guide  a  charcoal 
pig  iron  manufacturer  in  his  selection  of  the 
site  for  his  works,  will,  the  writer  ventures 
to  think,  be  very  generally  admitted,  and 
perhaps  until  the  idea  be  fairly  grasped,  the 
old  associations  which  tend  to  make  people 
look  upon  even  a  little  wood-fuel  blast  fur- 
nace as  something  permanent  and  immov- 
able, will  have  sufficient  weight  to  give  the 
proposal  a  chimerical  appearance,  which 
when*  duly  considered  in  connection  with 
modern  means  and  appliances  it  does  not 
really  possess. 

Perhaps  the  best  way  of  approaching  the 
question  will  be  to  consider  what  are  actu- 
ally the  conditions  of  permanency  which 
would  seem  to  attach  to  a  charcoal  blast 
furnace,  and  what  are  those  advantages 
which  would  accrue  to  it  were  its  portability 
and  that  of  the  blowing  engine  a  matter 
contemplated  in  their  original  design,  and 
arranged  for  in  the  economy  of  their  plan 
and  construction.  To  begin  with  the  fur- 
nace itself,  the  writer  can  see  no  difficulty — 
at  least  no  insurmountable  one — in  having 
a  framework  formed  in  iron  segments,  to  be 
bolted  or  screwed  together  in  pieces  suffi- 
ciently light  to  be  easily  transportable,  even 
in  countries  where  the  roads  or  other  means 
of  transit  may  not  be  very  good  ;  and  then 
the  lining  of  this  frame,  at  all  events  above 
the  boshes,  might  readily  be  formed  of  any 
moderately  refractory  material,  rammed  in 
on  a  core  in  like  manner  as  are  made  up 
the  hearths  of  second  melting  cupolas.  In- 
deed, whilst  speaking  of  this,  the  writer 
may,  perhaps,  be  permitted  to  say  that,  in 
his  opinion,  all  small  blast  furnaces  would 
possibly  be  found  to  last  longer  and  with- 
stand heat  better  were  they  constructed  on 
the  principle  of  simply  ramming  sound, 
seasoned,  and  well-tempered  fire-clay  be- 
tween the  outer  walls  or  plates,  and  a  solid 
core  of  the  desired  section.  The  experience 
and  observation  of  all  furnace  and  forge 
managers  will,  he  feels  convinced,  bear  him 
out  in  the  statement  he  makes  from  his 
own,  that  in  nine  cases  out  of  every  ten  the 
eating  away  of  fire-bricks  in  furnaces  com- 
mences at  the  point  where  either  imperfect 
workmanship  or  the  too  liquid  character  of 
the  clay  grouting  in  which  the  bricks  are 
set,  leaves  openings  (possibly  almost  infini- 
tesimally  small  ones,  yet  existing)  for  the 
flame  in  some  positions,  or  the  cinders  and 
metal  in  others,  to  commence  their  attack. 


Attending,  however,  this  proposed  method 
of  construction  is  clearly  the  absolute  neces- 
sity of  gradual  and  careful  drying  and  pre- 
liminary firing. 

Of  the  blowing  engine,  and  the  arrange- 
ments for  getting  steam,  utilizing  the  gases, 
etc.,  it  would  probably  be  desirable,  when 
defining  primary  principles,  to  go  further 
into  detail  than  is  within  the  compass  of  such 
an  article  as  is  the  present  one  ;  without, 
however,  exceeding  his  space,  it  may,  per- 
haps, be  possible  for  the  writer  shortly  to 
explain  his  views  upon  these  points. 

Taking  it  for  granted  that  at  but  few,  if 
any,  of  the  charcoal  furnaces  in  operation  is 
the  pressure  of  blast  anything  considerable, 
if  at  all  over  2  lbs.;  and  assuming  also  that 
this  pressure  can  be  most  easily  and  econ- 
omically supplied  by  a  short-stroke  engine, 
with  annular  air  valves  and  multitubular 
boilers,  there  surely  can  be  no  difficulty 
whatever  in  designing  a  machine  which 
would  not  only  provide  the  blast,  but  also  be 
of  sufficiently  light  and  simple  a  con- 
struction to  be  readily  and  economically 
movable. 

It  must  be  remembered  that,  after  all,  these 
pigmy  charcoal  furnaces  are,  as  has  been 
said  before,  little  greater  in  their  air  require- 
ments than  the  larger  cupolas  now  in  use, 
and  that,  therefore,  small  light  engines  are 
fully  equal  to  the  task  of  furnishing  the 
supply  ;  and  this  being  the  case,  there  can 
clearly  be  no  necessity  for  the  heavy  bed- 
plates, huge  framework,  weighty  cylinders, 
fly-wheels,  etc.,  which  the  writer  has  seen 
placed  in  position  for  supplying  blast  to  a 
furnace  producing  35  tons  of  pig  per  week, 
and  where  the  pressure  at  the  single  tuyere, 
blown  through  a2|  nozzle,  never  exceeded 
2  lbs. 

To  refer  to  the  story  of  English  iron 
factories,  it  seems  sufficiently  clear  that 
our  earliest  producers  of  iron  followed  our 
great  forests,  and  that  when  these  ceased  to 
exist  the  production  of  charcoal  iron  by 
necessity  ceased.  The  writer  does  not,  how- 
ever, here  in  anywise  mean  to  argue  that 
mineral  fuel  iron  did  not,  from  its  unlimited 
quantity  and  innate  adaptability  to  the  re- 
quirements of  the  age,  necessarily  supersede 
the  charcoal  qualities.  Yet,  nevertheless, 
if  to  countries  possessing  comparatively 
virgin  forests,  we  can  now  take  not  merely 
the  rude  appliances  with  which  our  ances- 
tors first  won  the  metal  from  the  ore,  but 
machinery  of  the  highest  mechanical  per- 
fection,   yet  fight,  and   fitted  for  easy   re- 
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moval,  it  seems  to  the  writer  that  there  is  natural   resources  of  many  of  our  colonies 

a  future  before  the   enterprising  manufac-  and    other    countries,  not   merely   of  great 

turer  of  charcoal  iron  who  has  the  courage  pecuniary  success,  but  a  future  as  a  pioneer 

to  bring  to  bear  the  science  of  the    present  of  civilization,  worth,  to  some  minds  at  least, 

day,  on  the,  as  yet,  comparatively  untouched  vastly  more. 


GALVANIC  ACTION  ON  IRON  SHIPS. 

From   "The  Engineer." 


It  was  to  be  expected  that  the  stranding 
of  the  Mega?ra — one  of  those  untoward  and 
costly  accidents  that  stop  little  short  of 
meriting  the  designation  of  calamities — 
should  have  caused  attention  to  be  directed 
more  closely  than  heretofore  to  the  condi- 
tions affecting  the  safety  of  iron  ships.  Not 
that  there  was  any  nine  days'  wonder  at- 
tached to  the  break-down  of  that  unfortunate 
vessel.  She  had  long  done  good  service,  in 
the  doing  of  which  she  wore  out,  and  wore 
through — a  very  natural  consummation, 
one,  we  may  add,  that  had  long  been  ex- 
pected, one  that  needs  no  invocation  of  gal- 
vanic agencies  to  account  for  it,  being  per- 
fectly explicable  on  the  assumption  that 
sea-water  externally  and  bilge-water  inter- 
nally between  them  wrought  out  their  full 
complement  of  erosion.  Notwithstanding 
this  opinion,  we  do  not  in  the  least  under- 
value the  evidence  elicited  in  the  course  of 
inquiry  relative  to  the  Megsera  break-down. 
On  the  contrary,  we  think  it  highly  desir- 
able that  the  special  action  of  bilge-water 
and  the  galvanic  function  of  varied  metallic 
contact  in  presence  of  bilge-water,  should 
have  been  subjected  to  investigation.  We 
believe  that  the  evidence  elicited  drew  the 
attention  of  many  for  the  first  time  to  a 
point  that,  amounting  now  to  no  more  than 
a  grave  suspicion,  may  hereafter  turn  out 
to  be  a  demonstrable  fact,  that  the  bottoms 
of  iron  ships  incur  more  chances  of  erosion, 
degradation,  and  ultimate  perforation  from 
the  effects  of  bilge- water,  direct  and  indirect, 
acting  from  within,  than  sea-water  acting 
from  without.  Under  the  category  of  bilge- 
water  erosions,  we  comprehend  not  merely 
the  direct  agency  of  wash  of  the  bilge-water 
itself,  but  the  more  fatal  galvanic  erosion 
set  up  when,  unfortunately,  bilge-water  is 
recognizable  as  the  chemical  agent  for  de- 
veloping galvanic  action  on  a  metallic  couple 
of  which  iron  is  one  and — as  necessities  of 
the  case  involve — the  "  sacrificial  metal." 
It  is  an  alarming  fact  in  practice,  and  one 
that,  being  so  perfectly  in  accordance  with 


theory,  ought  to  awaken  no  surprise,  that 
should  even  a  minute  piece  of  copper  come 
into  contact,  and  so  remain,  with  the  inside 
bottom  of  an  iron  ship,  then  wetted  with 
bilge-water,  as,  under  the  circumstances  of 
the  case,  it  necessarily  must  be,  active  gal- 
vanic energy  is  established  between  the  two 
metals,  and  iron  being  the  sacrificial  metal 
of  the  couple,  the  bottom  will,  sooner  or 
later — and  sooner  rather  than  later — be 
eaten  through  in  a  hole  somewhat  larger 
than  the  superimposed  copper.  A  practical 
question  now  suggests  itself,  and  it  is  this 
— to  what  extent,  if  any,  would  the  erosive 
action  be  diminished  by  inclosing  the  piece 
of  copper  in  a  canvas  envelope  before  de- 
positing it  on  the  interior  of  an  iron  ship's 
bottom  as  before  ?  We  ask  this  chiefly  in 
reference  to  a  circular  which  has  just  been 
issued,  defining  the  duties  and  responsibili- 
ties of  dockyard,  steam  reserve,  and  ships' 
officers,  with  reference  to  examining  the  in- 
side of  iron  vessels.  In  these  instructions 
it  is  enjoined  that  the  bilge  extremity  of 
pipes  must  be  of  other  material  than  copper 
or  brass,  and  pipes  of  such  metals  as  are 
of  necessity  in  the  bilge  are  ordered  to  be 
varnished  and  clothed  with  canvas.  Stress 
is  next  laid  on  keeping  the  inside  of  the 
plating  accessible  for  constant  examination, 
and  to  the  turn  of  the  bilge  covered  with 
cement,  but  elsewhere  painted  or  varnished 
— all  these  to  be  examined  whenever  the 
ship  is  in  dock,  and  every  part  of  the  vessel 
below  water  is  to  be  examined  and  reported 
on  once  a  year.  All  these  instructions  re- 
fer to  dockyard  officials,  but  officers  of 
commissioned  vessels  have  duties  of  similar 
kind  imposed  upon  them  too.  The  chief 
engineer  and  carpenter  are  enjoined  to  ex- 
amine once  a  quarter  every  accessible  part 
of  the  skin  and  frames — making  a  report 
thereon,  specifying  defects,  and  also  steps 
that  may  have  been  taken  to  remedy  them. 
Outsides  of  all  ships  are  to  be  examined  an- 
nually ;  gun-metal  propellers  must  be  coated 
with  cement  and  fitted  with  zinc  protectors. 
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From  "The  Lambeth  Review/ 


Let  us  now  proceed  to  examine  what 
there  is  in  the  nature  of  Gothic  art  which 
enables  us  so  very  confidently  to  prefer  it  to 
any  other.  And  here  we  may  say  that  we 
should  be  the  last  to  ignore  at  all  the  claims 
which  Gothic  architecture  has  upon  our-  love 
and  reverence  by  reason  of  its  connection 
with  all  that  is  most  interesting  in  the  his- 
tory, the  romance,  and  the  religion  of  our 
country ;  whilst  at  the  same  time  we  are 
quite  prepared  to  maintain  its  claim  to  be 
up  to  this  time  our  only  national  and  indi- 
genous form  of  architecture.  These  would 
be  strong  grounds  indeed  for  loving  any 
form  of  art ;  but  they  are  not  the  grounds 
on  which  at  present  we  desire  to  insist  on 
the  truth  of  our  views.  They  are  rather 
reasons  founded  on  tender  sentiment  than 
on  practical  considerations,  and  architecture 
is  so  essentially  a  practical  art  that  we  pre- 
fer to  put  forward  none  but  practical  ar- 
guments in  favor  of  the  style  on  which,  as 
we  believe,  our  architects  ought  to  found 
the  whole  of  their  future  work. 

The  arguments  for  the  use  of  the  Gothic 
style  in  buildings  of  every  description  are, 
then,  mainly  these — that  it  is  a  practical,  a 
real,  and,  in  this  country,  a  natural  as  well 
as  a  national  style,  and  above  all,  eminently 
a  free  style  of  architecture ;  suited,  there- 
fore, to  deal  in  the  best  way  with  the  many 
new  problems  of  construction  and  materials 
which  have  to  be  solved  by  every  architect 
in  these  days.  These  are  the  arguments 
for  Gothic  architecture  which  have  often 
been  put  forth  and  have  never  been  seri- 
ously controverted,  and  which,  indeed,  ad- 
mit so  little  of  either  a  denial  or  an  answer, 
that  one  cannot  affect  to  wonder  at  the 
course  pursued  by  objectors,  who,  ignoring 
altogether  their  very  existence,  devote  them- 
selves instead  to  meeting  the  other  argu- 
ments for  it,  which  appeal  indeed  to  the 
sentiments  and  instincts  of  very  many  of  us 
with  the  greatest  possible  force,  but  which 
are  still  not  the  real  foundations  on  which 
we  ground  the  whole  superstructure  of  our 
belief. 

The  reality  and  truthfulness  which  char- 
acterize all  good  Gothic  art  are,  then,  its  real 
claims  on  our  respect,  and  unless  architects 
always  remember  this  in  their  work,  they 
will  find  no  difficulty  whatever  in  sinking  as 
low  as  any  of  their  predecessors. 
Vol.  VII.— No.  2—9 


If  we  examine  the  ancient  examples  of 
domestic  architecture  still  remaining  in  ev- 
ery part  of  our  country,  we  shall  find  that 
they  are  almost  invariably  designed  and 
constructed  on  the  simplest  and  most  utili- 
tarian system.  Their  ground  plans  were 
arranged,  not  in  order  to  secure  an  academ- 
ical uniformity  on  the  exterior,  nor  without 
reference  to  the  undulations  of  the  ground 
on  which  they  stood,  but  so  as  exactly  to 
suit  the  wants  of  the  building  and  of  the 
locality.  The  facility,  indeed,  with  which  a 
medieval  architect  suited  his  work  to  its 
position,  is  marvellous.  His  building  seems 
to  grow  out  of  the  ground  on  which  it 
stands  naturally  and  vigorously,  and  re- 
quires no  artificially-made  mounds  of  unne- 
cessary earthwork,  painfully  precise  in  their 
heavy  outlines,  to  serve  as  sham  founda- 
tions for  its  walls.  The  arrangements  of  an 
old  building,  where  they  mark  customs  or 
wants  which  have  died  out,  are  not  such  as 
any  one  need  slavishly  imitate.  But  the 
principle  of  the  arrangements  was  one  which 
we  should  all  do  well  to  follow.  Rooms  were 
not  packed  together  within  a  square  box- 
like outline,  and  lighted,  whatever  their  size 
or  insignificance,  by  windows  of  the  same 
shape  and  importance  ;  but  the  use  of  each 
room  was  appropriately  marked  by  the 
character  of  its  decorations,  and  (to  take 
one  example  out  of  many),  instead  of  de- 
signing chapels  and  infirmaries  of  great 
institutions  so  absolutely  identical  in  ap- 
pearance as  not  to  be  distinguishable  one 
from  the  other  (as  we  have  seen  done  late- 
ly), the  use  of  almost  every  part  of  a  build- 
ing was  marked  even  on  the  exterior ;  if 
there  was  a  chapel,  it  was  conspicuously  a 
chapel ;  if  a  hall,  the  guests  and  retainers 
had  no  difficulty  in  seeing  afar  off  where 
they  should  find  it.  If  a  house  was  to  be 
built  for  defence,  Carnarvon  and  a  hundred 
castles  elsewhere  may  tell  how  naturally  it 
was  done.  If  for  study  and  seclusion,  what 
can  be  more  practical  than  such  colleges  as 
those  of  Winchester,  Oxford,  and  Cam- 
bridge, or  more  perfectly  adapted  for  their 
purpose  than  the  great  institutions  of  the 
religious  orders  which  are  still  the  jewels 
that  adorn  the  fairest  spots  throughout  our 
land  ? 

The  internal  arrangements  to  suit  the 
convenience  of  the  occupiers  were  as  natu- 
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ral  and  often  consequently  as  picturesque 
as  those  arrangements  of  the  exterior  which 
were  devised  to  suit  the  locality — and  we 
can  never  do  better  than  follow  their  exam- 
ple in  this  respect.  Nothing  is  so  weari- 
some as  the  dreary  similarity  of  the  plans 
of  modern  houses  ;  you  do  not  want  to  be 
able  to  settle  before  you  enter  exactly  the 
number  of  rooms  and  position  of  every  one 
of  them  in  a  house.  If  there  be  a  surprise 
of  any  kind  in  some  unexpected  arrange- 
ment in  a  new  position  of  a  staircase,  in  a 
room  lighted  by  windows  a  little  out  of  the 
common  in  their  place  or  shape,  or  with 
some  pleasant  recess  where  you  can  escape 
from  the  usual  four-square  simplicity,  how 
grateful  do  you  not  feel  to  the  designer  ? 
You  feel  directly  that  you  are  in  the  pres- 
ence of  work  done  by  a  man  who  has 
thought  about  putting  some  of  his  own 
mind  into  it,  and  of  giving  it  some  human 
interest ;  he  must  have  conceived  of  his 
room  furnished  and  inhabited ;  he  knew 
that  a  quiet  bookish  corner  might  be  made 
here ;  that  there,  in  the  cheerful  recess  of 
the  bay  window,  a  merry  family  group  might 
assemble ;  that  on  the  wall  here  the  best 
work  of  art  the  house  possessed  might  be 
fitly  enshrined  in  its  frame ;  whilst  there 
the  eye  would  be  satisfied  with  the  diaper 
grave  or  gay  on  the  tapestry  or  hanging 
with  which  the  walls  are  covered.  In  the 
hall  one  would  like  to  find  recesses  where 
they  were  wanted ;  a  staircase  shut  off  with 
screens  glazed  or  open,  and  charming  the 
eye  by  the  intricate  framing  of  its  natural 
and  artistically-treated  carpentry,  and,  in 
short,  everywhere  the  beauty  that  always 
attends  natural  dispositions  of  the  plan,  and 
poetical  conceptions  of  life  and  its  arrange- 
ments. Who  is  there  that  has  not  felt  all 
this  ?  Who  is  there  that  has  not  occasion- 
ally thought  that  the  house  even  of  a  hun- 
dred years  since,  often  somewhat  irregular 
in  its  plan,  in  its  levels,  and  in  the  general 
design  of  the  interior,  is,  after  all,  infinitely 
more  delightful  than  the  pretentiously  reg- 
ular houses  in  which  most  of  us  are  now 
compelled  to  pass  the  whole  of  our  lives, 
without  the  remotest  possibility  of  ever  feel- 
ing any  love  for  any  one  of  the  rooms  or 
any  part  of  one  of  the  rooms  they  contain  '? 
This  is  a  miserable  state  of  things ;  the  ob- 
ject ought  to  be  to  give  each  man  something 
to  love  in  his  own  house  and  in  his  own 
room,  and  the  more  specialty  of  character, 
the  more  peculiarity  and  quaintness,  the 
more  beauty,  and  the  more  soul  there  is  in 


the  design  and  arrangement  of  the  interior 
of  a  house,  the  more  chance  there  is  of 
this. 

Our  old  Gothic  architects  accomplished 
all  this ;  their  love  of  variety  and  the  ra- 
tionality of  their  treatment  of  all  details 
made  this  possible,  whilst  they  saved  them 
also  from  the  dreary  monotony  of  that  iron 
law  of  uniformity  which  has  impressed  it- 
self -upon  architects  just  in  proportion  as 
they  have  succeeded  by  their  rules,  their 
traditions,  and  their  fixed  systems  in  de- 
stroying all  special  character  in  the  individ- 
ual man,  and  making  him  little  more  and 
little  better  than  a  machine.  They  never 
thought  it  necessary  to  sacrifice  common 
sense  to  symmetry,  so  as  to  make,  for  in- 
stance, every  window  absolutely  alike 
throughout  a  building  hundreds  of  feet  in 
length,  without  reference  to  whether  they 
light  the  principal  apartments  of  the  house, 
the  butler's  pantry,  the  staircase,  or  the 
garderobe.  They  built  no  enormous  porti- 
coes leading  only  to  the  first  floor  rooms, 
and  therefore  seldom  used,  or  if  used  at  all, 
conveying  the  idea — as  we  see  at  the  Na- 
tional Gallery — that  the  rooms  on  the 
ground  floor  are  mere  cellars  ;  and  so  un- 
fitted to  our  climate,  that — as  we  see  at  the 
British  Museum,  or  as  we  used  to  see  too, 
during  the  season,  at  the  Royal  Academy — 
they  are  obliged  to  extemporize  a  glass  or 
canvas  cloister  within  the  portico  in  order 
to  enable  the  public  to  pass  through  it. 

A  happy  result  of  the  course  which  our 
forefathers  pursued  was  that  their  build- 
ings were,  perhaps,  the  most  picturesque  in 
their  grouping  and  general  effect  that  were 
ever  seen  ;  and  there  are  few  Englishmen, 
fond  of  the  scenery  of  their  country,  who 
are  not  ready  to  admit  the  singular  fitness 
of  the  buildings  for  their  sites  which  marks 
mediaBval  houses  in  contrast  with  most  of 
those  of  any  pretension  erected  within  the 
last  two  centuries. 

This  picturesqueness  is  so  natural  to  our 
English  eyes  that  even  in  later  days  a  long 
array  of  buildings  may  be  adduced,  arranged 
in  imitation  of  Gothic  houses,  with  almost 
exclusive  attention  to  picturesque  effect ; 
whilst,  in  some  districts,  the  Gothic  princi- 
ple may  almost  be  said  never  to  have  died 
out.  Elizabethan  and  Jacoba3an  buildings 
were  the  obvious  result  of  a  struggle  to  re- 
tain the  loved  and  lovable  characteristics  of 
earlier  works  ;  and  there  are  large  districts 
in  which,  as  in  Northamptonshire  and  Som- 
ersetshire, the  steep-roofed,  stone-monialed 
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houses,  and  others — as  Sussex  or  Kent — 
where  even  the  farm-houses  and  cottages 
were  instinct  with  the  old  fire,  and  scarcely 
touched  by  the  influence  of  the  classic 
school,  even  down  to  the  end  of  the  last 
century — the  country  builders  never  having 
given  up  their  old  traditions,  and  modern 
architectural  rules  and  mannerisms  having 
never  been  introduced  among  them. 

Is  it  possible,  then,  to  adduce  better  rea- 
sons for  any  kind  of  architecture  in  the 
world  than  can  be  adduced  for  our  own 
Gothic  style  ?  It  is  the  style  consecrated  to 
us  by  its  essentially  national  character,  as 
proved  by  its  development  through  all  its 
stages  in  our  own  country ;  consecrated  also 
by  its  essentially  religious  character,  as 
shown  by  its  use  in  all  our  religious  build- 
ings, and  its  connection  with  all  our  most 
sacred  associations ;  allied  with  all  our  best 
types  of  education  in  our  great  universities 
and  public  schools ;  with  all  our  ideals  of 
the  picturesque  and  the  homely  in  count- 
less old  houses  spread  across  the  land ;  and 
with  all  our  recollections  of  charitable  duties 
in  the  hospitals  and  bede-houses,  of  which 
so  many  still  remain.  It  is  a  utilitarian 
style,  and  a  free  and  practical  style,  as  is 
proved  by  the  way  in  which,  of  old,  it 
availed  itself  of  every  obtainable  material, 
every  then  conceivable  resource,  for  the  de- 
velopment of  its  character  and  the  increase 
of  its  attractions.  A  style,  therefore,  which 
if  it  be  treated  in  the  same  spirit  and  with 
the  same  sense  of  the  real  duty  of  the  ar- 
tist as  of  old,  must  lead  modern  architects 
to  combine,  with  a  healthy  reverence  for  the 
past,  a  hearty  energy  in  availing  themselves 
of  all  the  many  advantages  and  opportuni- 
ties of  the  present ;  a  style  in  which  it  is  no 
task  work  to  design,  in  which  there  is  no 
sense  of  bondage,  but  rather  the  noblest 
kind  of  freedom — an  ordered  liberty. 

It  may  be  said,  however,  as  it  often  has 
been,  that  these  developments  which  some 
men  think  so  natural  and  so  lawful,  will 
really  destroy  the  Gothic  character  of  our 
work.  It  must  be  observed,  in  passing, 
that  this  assertion  is  not  always  very  hon- 
estly made,  because  generally  those  who 
make  it  are  the  very  men  who  venture 
themselves  on  far  greater  departures  from 
the  Renaissance  or  classic  types.  But  it 
is,  however,  sometimes  used  by  those  who 
are,  or  pretend  to  be,  in  favor  of  Gothic, 
and  to  them  a  few  words  are  due.  They 
have  a  just  dread  lest  any  one  should, 
merely  import  copies  of  foreign  examples — 


not  understanding  how  to  gather  the  lessons 
which  they  teach,  and  so  as  to  obliterate  all 
the  distinctive  character  of  English  Gothic 
— and  to  a  great  extent  we  are  inclined  to 
agree  with  them.  We  do  not  sympathize 
with  those  who  would  plant  Venetian  pala- 
ces among  the  trees  and  in  the  parks  of 
England;  though,  on  the  other  hand,  we 
have  as  little  sympathy  with  those  who  re- 
fuse to  learn  any  lesson  from  buildings 
which  contain  so  much  that  is  alike  beauti- 
tiful  and  useful. 

The  Italians,  for  instance,  to  whose  work 
the  greatest  objection  is  usually  made,  were 
for  a  long  period  but  little  behind  French, 
Germans,  or  English  in  love  for  Gothic  art. 
Theirs  was  a  land  of  redundant  richness  in 
art,  and,  if  the  Etruscan  and  Roman  re- 
mains are  noble  and  numerous,  those  of  the 
Gothic  period  are  no  less  so.  There  is, 
moreover,  this  special  feature  about  them — 
that  they  are  almost  as  well  suited  in  every 
respect  for  modern  use  as  any  buildings  can 
be.  The  Italian  towns  in  the  middle  ages 
were  much  like  our  own  at  this  day ;  they 
were  great  centres  of  general  intelligence 
and  of  artistic  pursuits.  The  houses  in- 
closed within  their  walls  were  often  true 
palaces — light,  airy,  and  cheerful — impos- 
ing in  their  character,  and  in  no  wise  sav- 
age or  gloomy.  The  vast  number  of  the 
mediaeval  remains  in  Italy  is  most  remarka- 
ble, nor  less  so  is  the  enthusiasm  with 
which  every  one  with  the  eye  and  hand  of 
an  artist  singles  them  out  at  once  as  the 
subject  for  every  sketch  or  painting  that  he 
makes.  Their  value  to  us  will  be  seen  if 
we  examine  them  fairly  and  without  preju- 
dice. If  the  necessities  of  locality  require 
brick  building,  nowhere  in  Europe  shall  we 
find  more  suggestive  examples  than  these. 
If  covered  passages  are  wanted,  nowhere 
can  we  see  more  perfect  types  than  are  af- 
forded by  Italian  examples  of  their  treat- 
ment. If  decoration  in  marble  or  with  col- 
or be  an  object,  the  best  examples  of  both 
are  to  be  seen  in  Italy.  If  the  value  of 
ground  be  so  great  that  we  are  obliged  to 
use  it  economically  with  simple  unbroken 
masses  of  wall  and  great  height  of  elevation, 
nowhere  else  are  both  so  often  seen  as  there. 
Besides  all  which,  it  is  not  difficult  to  trace 
analogies  and  similarities  between  many 
features  in  English  and  Italian  Gothic.  Our 
architecture  is  all  derived  from  Roman- 
esque or  Byzantine  work,  and  despite  the 
alterations  and  modifications  which  were 
gradually  made  in  it,  still  bears  evidence  of 
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its  origin ;  and,  in  availing  ourselves  of 
hints  and  suggestions  derived  from  the 
study  of  foreign  examples,  if  we  begin  with 
sufficient  reverence  for  and  knowledge  of 
our  national  art,  we  may  avail  ourselves  of 
the  lessons  they  teach  without  showing  any 
want  of  loyalty  to  our  own  traditions. 

Take  the  case  of  windows,  for  instance, 
and  it  is  impossible  to  say  that  there  is  any- 
thing opposed  to  our  English  Gothic  in  the 
best  Italian  examples.  We  are  told  that 
the  windows  of  some  of  our  oldest  buildings 
are  too  small,  inconvenient  in  their  con- 
struction, and  only  fitted  for  the  most  prim- 
itive mode  of  glazing.  Now,  whatever  mod- 
icum of  truth  there  may  be  in  this  charge 
as  applied  to  ordinary  English  windows, 
there  is  none  whatever  if  it  is  applied  to 
Italian  examples.  They  are  either  wide 
single  lights  with  simply  pointed  or  cusped 
heads,  or  they  are  grand  compositions  of 
several  fights  divided  by  detached  shafts, 
and  surmounted  not  unfrequently  with  fine 
open  traceries.  The  principle  of  all  is  alike. 
They  are  ample  in  their  widtfi,  and  the 
window  frames  of  wood  are  placed  behind 
the  stone  jambs  or  shafts.  They  admit, 
therefore,  of  any  kind  of  wooden  frame- 
work for  sashes,  French  casements,  or  shut- 
ters ;  and  where  they  are  used  it  is  a  mat- 
ter of  perfect  indifference  what  fashioned 
fittings  it  is  desired  to  introduce,  whilst  it 
seems  preposterous  to  suppose  that  those 
who  inherit  the  traditions  of  the  only  school 
of  artists  who  ever  treated  tfie  decoration  of 
glass  in  a  right  manner  should  be  debarred 
from  adopting  any  kind  of  glazing  the  use 
of  which  is  demanded  by  reason  of  the  ad- 
vantages which  it  affords.  There  is  no  one, 
probably,  who  really  believes  that  if  plate- 
glass  had  been  made  in  the  13th  century, 
architects  would  then  have  refused  it  ad- 
mission into  their  buildings ;  and,  though 
one  may  more  than  doubt  the  artistic  ad- 
vantage of  introducing  it,  it  is  simply  ab- 
surd to  say  that  it  is  unusable.  The  advan- 
tages which  it  presents  are  many  and  noto- 
rious ;  and,  on  the  other  hand,  the  disad- 
vantages of  its  use,  if  not  so  obvious,  are 
still  serious.  Seen  from  the  exterior,  its 
broad,  smooth  surface  makes  the  windows 
look  like  so  many  unglazed  holes  in  the 
wall,  and  there  is  none  of  that  play  of  light 
and  shade  and  color  which  in  other  glazing 
pleases  the  well-trained  eye ;  whilst  seen 
from  the  inside  its  effect  is  always  cold  and 
cheerless.  Doubtless  the  most  pleasing- 
glazing  is  always  that  which  shows  some 


kind  of  design  and  taste  in  its  arrangement, 
and  it  is  quite  possible  to  combine  this  with 
larger  unbroken  space  in  those  (generally 
the  lower)  parts  of  windows  which  are  alone 
used  for  looking  out  of.  The  subdivision  of 
the  rays  of  light  is  always,  by  very  much, 
more  agreeable  to  the  eye  than  their  admis- 
sion into  one  unbroken  mass  ;  and,  however 
much  the  smartness  of  plate-glass  com- 
mends itself  to  modern  taste,  every  one  who 
goes  into  an  old  house,  which  still  retains 
its  old  glazing,  is  involuntarily  charmed 
with  its  effect. 

The  system  of  design  of  Italian  windows 
is  not  unknown  in  England.  In  the  12th 
and  13th  centuries  most  of  our  domestic 
windows  had  shafts  instead  of  moulded  nio- 
nials.  Examples  may  be  seen  at  South- 
ampton ;  at  Christ  Church,  Hants ;  John 
of  Gaunt' s  House,  Lincoln  ;  Boothby  Pag- 
nel ;  Longthorpe  ;  Oakham,  and  many  oth- 
er houses  of  that  age.  If  we  cross  to 
France  we  shall  find  examples  of  the  same 
kind  occurring  constantly.  In  Belgium  we 
shall  see  them  in  the  best  early  works — as 
e.  (/..  in  the  exquisite  town  hall  at  Alost, 
and  in  Germany,  in  the  numerous  mediaeval 
houses  of  Ratisbon — to  mention  some  of  the 
oldest  out  of  numerous  examples. 

It  will  be  seen,  therefore,  that  we  have 
not  to  depart  from  English  or  northern  tra- 
ditions in  adopting  more  largely  a  type  of 
window  which  happens  to  have  been  brought 
to  the  greatest  perfection  and  used  most 
frequently  in  Italy. 

It  is  difficult  to  over-estimate  the  peculiar 
advantages  derivable  from  the  Gothic  treat- 
ment of  windows.  It  need  hardly  be  said 
that,  if  there  is  one  feature  of  detail  which 
marks  the  style  more  than  another,  it  is  the 
system  of  fenestration.  To  add  windows 
to  classic  buildings  you  either  rudely  run 
counter  to  all  old  traditions,  or  you  are 
obliged  to  treat  your  windows  with  very 
little  variety,  and  generally  just  in  the  same 
way,  and  with  the  same  details,  as  your 
doors.  In  classic  buildings  the  window  is 
an  inconvenience,  in  Gothic  it  is  the  princi- 
pal ornament  of  design.  The  consequences 
of  this  difference  are  important  and  notori- 
ous. In  a  Gothic  building  the  windows 
may  be  proportioned  exactly  to  the  wants  of 
the  room  they  light ;  every  variety  of  size 
is  admissible.  They  may  be  wide  or  nar- 
row, tall  or  short,  divided  by  monials  or 
not ;  for,  if  a  wide  opening  is  admissible  in 
buildings  whieh  do  not  freely  allow  the  in- 
troduction of  arches,    surely  it  is  tenfold 
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more  so  in  one  which  insists  upon  the  arch, 
and  objects  to  the  invariable  cracked  win- 
dow-head of  our  19th-century  houses.  The 
openings  of  windows  may  be  square-headed, 
cusped,  or  simply  arched ;  square-headed 
windows  are  of  constant  occurrence  in  early 
work.  Sometimes  the  openings  are  wide, 
and  have  flat  segmental  arched  heads ; 
often  the  openings  are  square-headed,  but 
above  them  are  pierced  traceries.  They 
may  be  contrived  also  to  suit  exceptional 
positions.  In  staircases,  for  example,  they 
may  be  built  with  sills  sloping  or  stepped 
to  suit  the  rise  of  the  stairs.  They  may  be 
projected  or  corbelled  out,  as  bay  windows 
or  oriels,  and  they  may  have  balconies, 
which  will  be  best  liked  when  they  are 
most  closely  founded  upon  the  Venetian 
examples,  whose  simplicity,  beauty  and  util- 
ity make  it  impossible  to  devise  any  form 
which  shall  be  an  improvement  upon  them. 
They  may  be  placed  so  as  to  command  par- 
ticular views,  at  an  angle  of  a  room  or 
wherever  most  convenient,  or  they  may  be 
placed  as  close  together  as  is  necessary  to 
secure  the  very  largest  amount  of  light  in 
the  interior.  Finally  the  absence  of  all  ne- 
cessity for  a  rigid  uniformity  of  the  exterior 
makes  it  easy  to  introduce  them  wherever 
most  wanted  for  internal  convenience,  whilst 
the  flexibility  of  the  style  makes  it  possible 
not  unfrequently  to  make  every  window  tell 
its  own  tale,  just  as  we  see  in  old  houses, 
where  the  chapel,  the  hall,  the  lady's  bower, 
and  the  kitchen,  are  each  so  clearly  marked 
that  even  in  their  present  most  forlorn  state 
they  can  be  still  recognized  with  the  great- 
est ease.  Comparing  the  liberty  of  Gothic 
work  with  the  bondage  of  classic  and  Re- 
naissance in  this  respect,  we  may  well  be 
astounded  at  the  infatuation  which  can 
make  any  one  doubt  as  to  the  superior  fit- 
ness of  the  one  to  the  other  for  modern  use. 
In  the  latter  styles  all  the  efforts  of  cen- 
turies have  left  but  two  or  three  types  of 
windows  for  our  choice — the  one  a  mere 
square  hole  in  the  wall,  another  the  same 
hole  adorned  with  a  shallow  ineffective 
moulding,  and  the'  third  the  same  with  the 
addition  of  a  pediment,  sometimes  straight- 
sided,  sometimes  curved,  and  sometimes  by 
special  inspiration  broken  in  two  in  the 
centre  ! 

Sad  will  it  be  if  in  so-called  Gothic  build- 
ings these  traditions  are  allowed  to  inter- 
fere with  the  whole  spirit  of  the  style  ! 
Yet  that  this  fear  is  not  groundless  is  proved 
by  the  designs   for   some  large   buildings 


which  we  have  seen,  in  which,  in  spite  of 
a  few  Gothic  mouldings  and  a  good  many 
pointed  arches,  all  life  has  been  sacrificed 
to  a  desire  for  uniformity. 

From  windows  let  us  turn  to  doors,  and 
we  shall  again  find  a  variety  of  examples 
affording  us  the  greatest  liberty  it  is  pos- 
sible to  conceive.  The  opening  may  be 
arched  or  it  may  be  square,  and  its  propor- 
tions may  be  varied  in  any  way.  Our  doors 
may  be  hung  with  hinges  of  brass  or  of 
iron,  as  simple  as  our  poverty  requires,  or 
as  full  of  cunning  handicraft  as  the  best 
smith  we  can  find  can  make  them.  Our 
external  doors  may  be  protected  by  porches, 
by  cloisters,  by  covered  ways,  or,  if  we 
want  none  of  these  protections  from  the 
rigor  of  our  climate,  then  by  delicate 
overhanging  canopies  of  wood  or  of  metal, 
and  they  will  still  not  depart  from  the  strict- 
est limits  of  ancient  precedent. 

The  inside  finishings  and  fittings  of  a 
house  may  all  be  similarly  devised,  either 
in  accordance  with  those  of  old  buildings  or 
on  a  principle  of  design  entirely  in  harmony 
with  them. 

Ceilings  may  either  be  open,  showing  the 
timbers,  or  boarded  and  panelled  on  the 
under  side,  or  plastered  and  stamped,  or 
painted  with  diapers,  or  of  iron  filled  in  with 
terra-cotta  or  brick,  the  only  liberty  not 
allowable  being  indulgence  in  the  fashion- 
able plaster  cornice  and  unsafe  plaster  orna- 
ments of  our  modern  houses,  the  object  of 
which  is  not  quite  intelligible,  whilst  the 
structure  is  invariably  false  and  not  unfre- 
quently dangerous.  If  we  must  have  Go- 
thic cornices  they  ought  either  to  be  of  stone 
or  of  wood  ;  in  the  former  case  giving  ad- 
ditional support  to  the  floors,  in  the  latter 
being  usually  the  moulded  edges  of  the 
plates  below  the  joists. 

Plaster  may  legitimately  be  ornamented 
with  diapers  in  the  manner  common  in 
England  in  the  seventeenth  century,  or  cut 
into  patterns  in  the  way  we  see  in  some  of 
the  best  Moorish  work  in  Spain  ;  but  its  use 
as  an  imitation  of  stonework  is  no  more 
defensible  inside  our  houses  than  it  is  out- 
side. In  both  it  is  equally  false  in  prin- 
ciple, and  in  both  equally  bad  in  effect.  For 
other  internal  works  the  subtle  delicacies  of 
the  carpenters'  work  of  the  middle  ages  sug- 
gest and  admit  of  endless  development. 
The  truthful  treatment  of  material  which 
characterizes  it  will  be,  above  all  things, 
advantageous,  whilst  the  suggestive  charac- 
ter of  some  of  the  Italian  works   will  show 
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us  how  easily  we  ruay,  if  we  will,  introduce 
every  kind  of inlaid  work  in  various  colored 
woods  in  furniture,  floors,  panelling  of 
walls,  doors,  ceilings,  and  staircases.  Our 
ancestors  used  oak  because  it  was  always 
readiest  to  their  hands  ;  we  have  no  such 
facility  now  ;  and,  if  we  are  obliged  to  go 
abroad  for  oiu*  woods,  we  shall  be  wise  to 
put  all  descriptions  of  wood  under  contribu- 
tion, and  to  use  them  as  we  may  be  sure 
our  ancestors  would  have  done  in  our  place. 
They  varied  their  material  in  every  possible 
way.  Sometimes  for  instance,  they  covered 
their  doors  with  rich  colored  leather,  at 
other  times  painted  them,  and  if  they  had 
possessed  our  facilities  they  would  have  in- 
laid them  also.  So  that,  as  compared  with 
the  revivers  of  Classic  art,  those  who  fol- 
low Mediaeval  precedents  really  enjoy  great 
liberty  in  the  treatment  of  the  mouldings, 
carvings,  and  general  details  of  their  work, 
which  may  all  be  significant  and  illustra- 
tive, and  not  eternal  reproduction  of  the 
same  forms. 

We  have  shown  sufficiently,  we  think, 
that  the  cause  we  advocate  demands  no 
sacrifice  whatever  of  convenience  or  of 
reality,  that  it  is  easily  adapted  to  our 
wants,  and  that  one  of  the  chief  grounds  on 
which  we  adopt  it  is,  indeed,  the  perfect 
freedom  which  it  affords  for  doing  good 
work  in  every  kind  of  material,  and  for 
every  possible  use  ;  and,  if  this  be  so,  there 
can  be  no  pretence  whatever  for  saying  that 
there  is  any  less  reason  for  adopting  it  for 
houses  and  public  buildings  than  for  the 
churches,  in  which  all  the  world  allows  that 
it  has  been  of  late  years  applied  with  no 
small  amount  of  success. 

Let  us  now  consider  as  briefly  as  possible 
how  we  should  meet  the  problems  which 
in  these  days  ordinarily  present  themselves 
to  us  in  matters  affecting,  not  the  design  of 
a  single  house,  but  the  arrangement  of 
groups  of  houses  in  cities,  or. the  laying  out 
of  entirely  new  towns.  How,  for  instance, 
are  we  to  devise  great  public  improvements 
in  towns  ?  Are  we  to  follow  the  example 
recently  set  us  in  Paris,  or  are  we  to  found 
our  work  rather  upon  an  earlier  and  differ- 
ent system?  The  Parisian  system  excites, 
we  confess,  our  strongest  antipathy.  We 
can  see  no  beauty,  no  real  dignity,  no  no- 
bility in  the  eternal  sameness  of  such  streets 
as  the  Rue  de  Rivoli,  or  most  of  the  new 
Parisian  streets  and  boulevards,  nor  in  the 
idea  which  they  represent,  that  every  row 
of  houses   must  be  perfectly  regular  and 


uniform  in  its  scheme,  that  every  square  or 
place  must  be  uniform  on  all  its  sides,  and 
that  every  street  must  be  arranged  as  far 
as  possible  at  right  angles  to  its  neighbors. 

This  is  not  a  Gothic  system,  because  it  is 
not  a  natural  system,  nor  is  it  a  Greek 
system  or  a  Roman  system,  but  simply  the 
latest  development  of  the  poorest  kind  of 
Renaissance  art. 

All  good  architecture  has  been  natural  in 
its  growth,  and  a  street  which  tells  its  own 
history  is  always  picturesque,  whilst  a  new 
street,  made  to  order  like  Regent  street, 
Moorgate  street,  or  the  new  boulevards  and 
streets  in  Paris,  is  invariably  tame  and 
uninteresting  to  a  degree.  We  do  not 
forget  the  examples  of  mediasval  towns 
built  on  a  regular  plan,  such  as  Winchelsea, 
Carnarvon,  or  the  Bastides  in  the  south- 
west of  France.  But  these  were  exceptional 
cases  of  towns  planned  all  at  once,  and 
irregularity  in  their  case  would  have  been 
unreal  and  mistaken.  Even  in  these  cases, 
however,  it  was  only  the  arrangement  of 
the  streets  that  was  regular  ;  the  buildings 
which  fined  their  sides  were  as  distinct  in 
their  individual  character  there  as  elsewhere. 
If  we  compare  the  examples  of  modern 
streets  built  on  the  two  systems,  we  cannot 
doubt  for  an  instant  which  is  to  be  prefer- 
red. Take,  for  instance,  Cower  street  or 
Harley  street,  where  the  dull  monotony  of 
the  houses  makes  it  certain  that  were  it  not 
for  the  numbers  painted  on  the  doors  their 
very  owners  would  be  as  likely  as  not  to  get 
into  the  wrong  house;  and  such  streets  as 
Brook  street,  or  Crosvenor  street,  where 
every  one  has  built  his  house  to  please 
himself,  and  consequently  with  a  compara- 
tively good  general  effect,  bald  as  the  designs 
of  the  several  houses  are  in  themselves. 

In  a  square  or  place,  again,  unless  the 
buildings  are  all  for  some  perfectly  similar 
purpose,  there  is  no  reason  for  absolute 
uniformity.  Some  defenders  of  Gothic,  it  is 
true,  have  maintained  that  it  admits  of  as 
much  uniformity  as  Classic,  and  quasi-Gothic 
designs  have  been  made  which  are  as  sense- 
lessly regular  and  balanced  in  their  plans 
as  any  of  the  Renaissance  works  of  which 
we  complain.  But  with  all  deference  to 
their  authors,  theirs  is  an  entirely  erroneous 
mode  of  design.  The  Cloth  Hall  at  Ypres, 
which  is  often  quoted  as  a  regulaj?  and  uni- 
form Gothic  budding,  was  made  so  to  a  cer- 
tain extent  (for  it  is  most  irregular  in  its 
general  plan,  owing  to  the  shape  of  its  site) 
solely  because  its   arrangement   and  uses 
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within  were  absolutely  uniform.  The  Ducal 
Palace  at  Venice  was  similarly  circumstanc- 
ed, as  were  all  really  fine  buildings  of  the 
mediasval  period  which  are  regular  in  their 
scheme  ;  and  we  know  of  no  example  of 
a  square  or  place  in  which  anything  has 
been  gained  by  the  uniformity  of  buildings 
erected  for  different  purposes  on  its  various 
sides. 

Take  the  Piazza  at  Florence,  and  observe 
how  everything  is  gained  by  the  irregularity 
of  the  various  buildings  which  surround  it, 
each  telling  its  own  tale.  Would  the  Pi- 
azza at  Perugia  be  improved  by  making 
the  magnificent  Palazzo  Publico  a  perfectly 
regular  erection,  or  by  the  re-erection  of  the 
Pisano  fountain  just  in  the  centre,  and 
pulling  down  the  Cathedral  in  order  to  erect 
another  palace  uniform  with  its  neighbors 
in  its  place  ?  So,  too,  at  Venice  ;  is  not  the 
irregularity  of  the  Church  of  St.  Mark  and 
the  one-sided  position  of  its  Campanile  the 
very  making  of  the  Piazza,  without  which 
the  whole  would  be  tame  and  poor  in  its 
effect  ?  The  best  Renaissance  street,  pro- 
bably, in  Europe  is  the  Strada  Nuova  at 
Genoa ;  this  is  narrow,  irregular,  and  ama- 
zingly picturesque.  Each  of  its  palaces  has 
some  individual  purpose  and  character,  and 
its  course  is  not  straight.  Out  of  Italy,  all 
our  large  central  spaces  are  comparatively 
irregular.  Even  in  London,  so  natural  and 
gradual  has  been  our  growth,  that  most  of 
our  public  places  are  fortunately  somewhat 
irregular,  and  therefore  natural  in  their 
shape.  The  finest  view  in  London,  as  every 
one  knows,  used  to  be  that  from  the  bottom 
of  Ludgate-hill,  with  the  winding  irregular 
acclivity  and  the  dark  outline  of  a  spire 
half  way  up,  cutting  across  the  west  front 
of  St.  Paul's  in  the  most  natural  and  effec- 
tive manner.  And  if  we  leave  Sir  Christo- 
pher Wren's  work,  and,  going  westward, 
stand  at  the  upper  side  of  Trafalgar  square, 
we  may  well  ask  whether  we  should  gain 
anything  by  a  fourth  side,  square  and  uni- 
form with  the  others,  in  place  of  the  pic- 
turesque sweep  which  now  leads  the  eye 
down  to  the  Gothic  group  of  steeples  and 
spires  which  marks  Sir  Charles  Barry's 
great  work  at  Westminster — work  on  which, 
in  spite  of  cavillers,  the  World  will  always 
look  with  admiration  and  interest,  and 
which  is  undoubtedly  the  greatest  architec- 
tural group  of  which  London  can  boast. 

One  of  the  best  streets  in  England  is  the 
High  street  at  Oxford ;  yet  it  varies  in 
width,  is  on  a  curve,  and  is  entirely  irreg- 


ular in  the  arrangement  of  all  its  archi- 
tectural attractions.  On  the  other  hand, 
the  latest  attempt  on  a  large  scale  on  the 
Parisian  model  is  to  be  s^m  at  O.j'^no. 
where  they  have  bridged  the  Ehine  exactly 
to  the  east  of  the  Cathedral,  leaving  it  the 
centre  of  a  great  Place,  and  anything  more 
lamentable  in  its  effect,  and  yet  more  ob- 
viously the  result  of  a  painful  effort,  can 
scarcely  be  conceived. 

In  truth,  all  these  examples  are  eviden- 
ces of  the  charm  of  natural  irregularity, 
even  in  the  most  important  and  central  po- 
sitions of  great  cities ;  and  they  lead  to  the 
observation  that  in  grouping  of  public,  just 
as  much  as  in  -the  arrangement  of  private, 
buildings,  in  ninety-nine  cases  out  of  a  hun- 
dred it  will  be  most  inconvenient  to  attempt 
any  great  degree  of  uniformity.  So  an 
arrangement  which  brings  out  the  individual 
uses  and  peculiarities  of  each  house  in  a 
street,  as  far  as  possible,  is  surely  much 
better  than  the  modern  system  of  driving 
herds  of  people  into  a  succession  of  similar 
houses,  as  though  they  were  so  many  ma- 
chines incapable  of  separate  or  original 
wishes  or  actions,  and  properly  dealt  with, 
as  one  is  nowadays  in  a  great  hotel,  by 
being  ticketed  and  numbered  till  almost  all 
sense  of  personal  identity  is  lost. 

In  a  large  public  building  the  same  ar- 
gument is  soundly  applied.  If  the  arrange- 
ment of  the  interior  allows  of  perfect  regu- 
larity without  inconvenience  or  effort,  and 
with  due  regard  to  the -propriety  of  letting 
every  part  tell  its  use  by  its  decorations  and 
design,  there  is  no  objection  whatever  to 
uniformity.  The  nave  of  a  Gothic  cathe- 
dral is  evidence  that  there  is  nothing  in 
such  uniformity  contrary  to  the  Gothic  spir- 
it ;  but  directly  these  conditions  are  not  ob- 
served, uniformity  is  a  crime,  and  the  very 
men  who  built  the  regular  cathedral  nave 
have  surrounded  it  with  a  group  of  subor- 
dinate buildings,  the  Chapter  House,  the 
Cloister,  the  Refectory,  the  Dormitory, '  the 
Bishop's  Palace,  the  Vicar's  Close,  the  gate- 
ways, and  the  enclosing  walls,  each  one  of 
which  was  designed  with  absolute  freedom 
from  the  bonds  of  regularity,  and  with  a 
sole  eye  to  usefulness  and  appropriateness. 
It  is  notorious  that  when  a  regular  outline 
is  adopted  for  a  building,  it  seldom  hap- 
pens that  the  internal  arrangements  allow 
properly  of  all  the  windows  and  doors  being 
equidistant,  and  of  equal  size.  True  and 
reasonable  uniformity  consists  in  making 
the  main  lines  of  a  building,  the  cornices, 
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the  string  courses,  the  roof  lines,  the  gene- 
ral detail  of  the  ■windows,  harmonize,  with- 
out doubting  for  an  instant  about  the  power 
of  breaking  this  uniformity,  "wherever  it  is 
possible  by  so  doing  to  give  emphasis  to  the 
more  important,  or  to  -withdraw  attention 
from  the  less  important,  portions  of  a  build- 
ing. If  a  public  office  is  to  be  built  for 
500  clerks,  all  equally  insignificant,  by  all 
means  let  us  put  them  into  a  barrack  which 
tells  nothing  about  them  to  any  one  ;  but  if 
it  is  to  contain  a  Secretary  of  State,  Assist- 
ant Secretaries  of  State,  grand  staircases, 
inferior  staircases,  grand  public  entrances, 
and  small  private  doors,  by  all  means  let  us 
follow  the  old  example,  and  show  as  many 
as  possible  of  these  facts  clearly  on  its  face. 
Unless  it  does  so  it  is  a  huge  sham ;  and, 
whether  its  detail  is  Gothic  or  not,  the  re- 
sult must  be  bad,  because  unreal,  and  not 
instinct  with  any  true  artistic  spirit.  This 
protest  against  the  attempt  which  is  now 
sometimes  made  to  disarm  the  hostility  of 
the  Renaissance  school,  by  adopting  the 
worst  feature  of  their  mode  of  design,  ap- 
pears to  be  very  necessary,  and  we  are  the 
more  disposed  to  make  it,  because  it  cannot 
be  doubted  that  the  true  solution  of  the 
hostility  which  has  been  shown  in  some 
quarters  to  the  designs  for  the  largest  build- 
ing of  this  day — the  New  Courts  of  Justice 
— is  almost  entirely,  if  not  altogether,  due 
to  the  determination  which  has  been  shown 
to  carry  out  the  real  principles  of  Gothic 
building  as  distinguished  from  Renaissance 
throughout  the  design.  Sir  Charles  Barry, 
naturally  enough — looking  to  his  education 
and  his  taste  for  Italian  architecture — de- 
signed an  Italian  building  for  the  Houses 
of  Parliament,  and  clothed  it  everywhere 
with  Gothic  detail.  The  only  way  in  which 
his  design  has  been  saved  from  failure  and 
tameness,  is  by  the  happy  inspiration  which 
led  him  to  the  picturesque  grouping  of  the 
towers  and  turrets,  which,  when  seen  from 
the  Thames  Embankment,  or  Trafalgar 
square,  compose  as  beautifully  as  can  be 
desired ;  and  we  know  not  where  it  would 
be  possible  to  point  out  a  happier  example 
of  one  of  the  great  gains  in  such  cities  as 
our  own  from  the  adoption  of  Gothic  archi- 
tecture than  in  the  variety  and  beauty  of 
their  general  effect,  owing  to  the  infinite 
variety  of  sky-line,  for  which  they  always 
afford  opportunities.  A  late  President  of 
the  Institute  of  Architects,  and  distinguished 
architectural  student — Mr.  Beresford  Hope 
— has  often  and  at  much  length  descanted 


on  this  subject ;  and  it  is  sufficient  for  our 
purpose  to  point  out  how  very  much  such 
an  outline  as  that  of  the  Houses  of  Parlia- 
ment effects  for  the  general  aspect  of  Lon- 
don, when  compared  with  our  other  public 
buildings  in  the  classic  or  Renaissance  style, 
such,  e.  g.,  as  the  Post  Office,  the  British 
Museum,  the  National  Gallery,  or  Somerset 
House,  whose  only  effect  is  one  to  be  seen 
from  the  very  streets  themselves  in  which 
they  are  erected. 

After  the  Houses  of  Parliament,  the  next 
great  opportunity  of  a  public  building  was 
the  proposal  to  erect  the  Foreign  and  War 
Offices.  Lord  Palmerston's  ignorant  preju- 
dice against  all  Gothic  buildings — indulged 
the  more  vehemently,  because  at  the  mo- 
ment all  substantial  power  in  matters  of 
State  was  slipping  out  of  his  hands — pre- 
vented the  carrying  out  of  Mr.  Scott's  de- 
sign for  this  building.  This  was  a  very 
real  subject  of  complaint  and  regret,  in 
spite  of  the  feeling  entertained  by  some 
that  the  design  was  conceived  to  some  ex- 
tent upon  the  principles  which  Barry  had 
adopted  in  the  Houses  of  Parliament,  though 
wrought  out  with  Mr.  Scott's  usual  fertility 
of  invention  and  taste. 

The  Courts  of  Justice  are  the  third  great 
opportunity,  and  we  rejoice  that  all  the 
competing  architects  gave  in  their  adhesion 
to  Gothic  as  the  only  practical  style  in  mak- 
ing their  designs,  and  that  the  opportunity 
is  afforded  of  acting  in  the  construction  of 
the  building  on  the  principles  on  which 
alone,  as  we  have  shown,  all  good  Gothic 
buildings  in  all  times  have  been  designed. 
The  component  parts  of  such  a  building  are 
not  very  many,  but  they  are  diverse.  There 
is  of  necessity  a  collection  of  Courts  of  Jus- 
tice round  a  Central  Hall ;  there  is  of  ne- 
cessity a  vast  number  of  rooms  of  varying 
importance  for  Judges,  officers  of  the  courts, 
and  mere  clerks.  Finally,  there  is  a  broad 
distinction  between  Courts  properly  so  called, 
and  their  belongings,  and  the  legal  offices. 
If  the  principles  which  we  have  attempted 
to  lay  down  have  any  truth  whatever,  then 
undoubtedly  all  these  varying  rooms  and 
chambers  ought,  as  far  as  possible,  to  be 
distinctly  and  intelligibly  treated  and  dif- 
ferenced in  the  actual  building.  And  it  is, 
as  we  believe,  because  this  has  been  at- 
tempted in  the  design,  because  in  so  doing 
popular  traditions  and  modern  customs  have 
been  rudely  opposed,  that  the  architect  and 
his  design  have  been  so  heartily  attacked  by 
some  of  his  brother  architects. 
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The  only  submarine  attacks  upon  vessels 
which  are  as  yet  known  to  be  effective,  are 
those  of  the  ram  and  the  torpedo.  Subma- 
rine gunnery  has  not  yet  attained  a  practi- 
cal form,  except  in  the  restricted  shape  of 
plunging  fire  from  flat-headed  projectiles. 
The  object  of  the  present  paper  has  almost 
exclusive  reference  to  torpedo  attack. 

I  may  state  at  the  outset,  that  no  vessel 
can  receive  with  impunity  the  effective  ap- 
plication of  a  torpedo  of  very  large  size. 
The  work  of  destroying  the  floating  capacity 
of  a  ship  is  out  of  all  proportion  small  as 
compared  with  the  work  which  it  is  possible 
to  store  in  a  submarine  explosive  of  large 
size  ;  and  provided  always  that  this  stored 
work  can  be  applied  with  certainty  and  effi- 
ciency, there  is  no  alternative  to  the  destruc- 
tion of  the  vessel. 

Nevertheless  torpedoes  must  be  encoun- 
tered, and  our  task  is  to  ascertain  the  con- 
ditions under  which  we  are  likely  to  encoun- 
ter them,  and  what  expedients  we  must 
adopt  in  order  to  receive  the  smallest  possi- 
ble amount  of  damage  from  their  destruc- 
tive power. 

Hasty  conclusions  have  been  stated,  to  the 
effect  that,  since  armor-plated  sides  are  no 
protection  against  an  explosion  taking  place 
under  a  ship's  bottom,  therefore  armor- 
plating  must  either  be  abandoned  altogether, 
or  extended  to  the  bottom  of  ships.  Either 
alternative  is  fallacious.  We  will  deal  with 
the  second  later.  With  reference  to  the 
first,  that  armor-plating  must  be  abandoned, 
it  is  sufficient  to  consider  what  the  ordinary 
use  of  torpedoes  must  be,  to  see  the  error 
which  underlies  it.  For  torpedoes  used  by 
ships  at  sea,  the  armor-plated  ship  will  al- 
ways have  the  same  advantage  as  it  has 
without  the  torpedo,  in  being  able  to  receive 
with  impunity  the  cannonade  from  its  adver- 
sary. An  unarmored  ship  might  certainly 
render  pursuit  difficult  by  dropping  torpe- 
does in  her  wake  ;  but  she  could  not  venture 
to  attack  an  armored  and  strongly-armed 
ship  by  means  of  movable  torpedoes — for 
she  would  be  destroyed  by  the  fire  of  her 
enemy,  if  she  ventured  within  any  reasona- 
ble range  for  the  use  of  her  torpedo  attack. 
I  do  not  say  this  mode  of  attack  is  an  effi- 
cient one  ;  but  simply  that  the  armor-plated 


ship  has  the  same  preponderance  of  efficien- 
cy with  the  torpedoes  as  without  them. 

If  the  torpedo  be  moored  for  the  protection 
of  ports  and.  estuaries,  and  the  obstruction  of 
sounds  and  channels,  I  observe  that  it  is  the 
business  of  the  attacking  fleet  to  remove 
these  obstructions.  To  prevent  this  removal, 
it  is  generally  admitted  to  be  necessary  that 
the  Hue  of  torpedoes  should  be  enfiladed  by 
coast  batteries.  Here  again  the  armor- 
plated  ship  has  the  same  advantage  as 
without  the  use  of  torpedoes. 

It  is  true  that,  with  very  large  and  very 
efficient  torpedoes,  in  a  place  well  calculated 
for  their  use,  and  supported  by  very  heavy 
and  well-protected  batteries,  a  channel  can 
be  made  absolutely  impervious  to  a  fleet. 
But  these  conditions  must  be  very  heavily 
paid  for,  and  no  nation  has  such  resources 
as  to  be  able  to  expend  them  at  every  point ; 
nor  even,  if  wealth  did  not  fail,  would  there 
be  time  to  place  and  replace  them  every- 
where when  needed.  A  great  point  is  gain- 
ed in  warfare,  when  you  reduce  your  enemy 
to  the  alternative  of  using  overpowering 
force,  or  of  abandoning  his  object. 

Conceding,  then,  that  there  may  be  an 
irresistible  torpedo  attack,  but  observing 
that  this  is  the  exceptional  case  which  we 
cannot  provide  against,  and  not  the  general 
case  which  we  may  attempt  to  meet,  it  re- 
mains to  be  considered  what  must  be  the 
type  and  what  the  structure  of  the  vessel 
best  calculated  to  evade  torpedo  attack,  and 
to  receive,  without  vital  injury,  the  attack  of 
torpedoes  of  moderate  size. 

The  avoidance  of  the  torpedoes  themselves 
*s  mainly  a  tactical  question.  Nevertheless  it 
largely  affects  naval  design,  especially  in  the 
type  of  construction.  Other  things  being 
alike,  a  small,  handy  vessel,  with  high  speed 
and  shallow  draught,  will  avoid  torpedoes 
better  than  a  large  ship,  or  than  one  of  in- 
ferior speed  or  inferior  power  of  evolution. 
That  is  evident,  even  when  both  ships  have 
to  run  the  gauntlet  of  a  line  of  torpedoes. 
But  the  small  ship  of  light  draught  has  the 
command  of  many  more  channels,  and  many 
more  parts  of  broad  channels,  than  the  lar- 
ger craft,  and  will  thus  put  the  landward 
power  to  a  far  larger  expenditure  of  these 
instruments  for  the  protection  of  its  coasts. 
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The  destruction  of  the  smaller  vessel  by 
a  torpedo  "will  also  be  a  less  expenditure  of 
life  and  material  than  that  of  the  larger 
ship.  It  is  true  that  if  she  runs  foul  of  one, 
the  smaller  vessel  is  the  more  likely  of  the 
two  to  be  sunk,  and  that  is  a  set-off 
against  her  facility  of  avoiding  them ;  but 
there  still  remains  an  advantage  in  favor  of 
distribution  in  small  ships  rather  than  of 
concentration  in  a  few  large  ships.  There 
is,  of  course,  a  limit  to  the  distribution,  as 
there  is  also  to  the  possible  concentration. 

The  principle  of  subdivision  is  one  of  the 
most  effective  means  of  meeting  submarine 
attack ;  subdivision  from  large  ships  to 
small  ships,  within  certain  limits,  and  for 
certain  purposes  ;  and  subdivision  of  large 
ships  into  small  compartments,  where  size 
cannot  be  advantageously  reduced.  Cellular 
subdivision  should  be  carried  out  where  pos- 
sible. 

It  is  worth  while  to  point  out  that  the 
partition  of  a  ship  by  bulkheads  does  not 
necessarily  mean  cellular  subdivision.  A 
cell  is  a  chamber  which  can  be  completely 
closed,  and  must  therefore  have  a  tight  roof, 
as  well  as  floor  and  walls.  This  is  of  espe- 
cial importance  in  torpedo  warfare,  for  it  is 
very  desirable  to  have  the  power  of  expel- 
ling the  water  after  it  has  gained  admission. 
In  a  closed  cell,  this  is  easily  effected  by 
forcing  in  air  from  the  top,  provided  that 
the  wound  be  low  down  in  the  cell.  I  do 
not  claim  the  credit  of  this  idea.  It  was 
suggested  by  a  paper  read  before  this  Insti- 
tution by  Admiral  Sir  E.  Belcher,  in  1865.* 

There  are  great  difficulties  in  applying 
this  principle  of  subdivision  to  the  engine 
and  boiler  rooms — perhaps  insuperable  diffi- 
culties. I  must  content  myself  with  point- 
ing out  the  general  advantage  in  this  re- 
spect of  the  system  of  subdivision,  and  the 
necessity  of  placing  as  far  out  of  reach  as 
possible  those  portions  of  the  ship  to  which 
it  cannot  be  applied. 

I  find,  however,  that  I  am  not  singular  in 
the  belief  that  the  whole  system  of  the  ma- 
rine engine  in  ships  of  war  is  in  need  of  a 
thorough  revolution.  I  have  no  pretension 
to  guide  this  revolution — I  have  neither  the 
inventive  genius  nor  the  needful  preliminary 
knowledge  for  it.  Others,  better  qualified 
than  myself  to  speak  on  these  matters,  have 
called  attention  to  the  unwieldy  size  and 
structural  weakness  of  the  cylinders — to  our 
boiler  rooms  of  enormous  size,  yet  still  cramp- 

*  See  his  paper  on  "  The  Construction  of  Armor-clad  Ships  of 
War." — Transactions,  I.N.A.,  yol.  vi.,  p.  75. 


ed  for  want  of  space ;  to  our  hot  and  unheal- 
thy stoke-holes  ;  to  our  barbarous  method  of 
stoking — barbarous  in  respect  to  cruelty,  as 
well  as  of  clumsiness.  Is  it  too  much  to 
hope  that  the  unwieldiness,  as  well  as  the 
other  defects  of  the  system  may,  at  no  dis- 
tant period,  meet  with  a  remedy  ? 

Cellular  subdivision  is  the  most  obvious 
and  the  most  important  principle  in  saving 
a  ship  from  the  consequences  of  local  injury. 
Armor  plating  applied  to  the  bottom  of  a 
ship  is  doubtless  a  protection  against  sub- 
marine gunnery  (a  danger  we  have  not  as 
yet  to  face),  but  it  is  not  an  efficient  defence 
against  torpedoes.  Armor  plates  are  mere 
slabs,  imperfectly  connected  both  with  one 
another  and  with  the  ship's  structure,  to  the 
strength  of  which  they  contribute  but  very 
little,  if  even  (all  things  considered)  they  do 
so  at  all.  Apart  from  the  probability  of 
their  being  broken  up  by  a  quick-acting  ex- 
plosive, like  fulminate  or  nitro-glycerine, 
the  plates,  or  part  of  them,  might  be  driven 
home  upon  the  ship  itself,  in  such  a  way 
that  their  edges  might  sheer  the  skin  plating 
and  frames.  It  would,  moreover,  be  impos- 
sible to  give  them  any  great  thickness,  on 
account  of  their  weight ;  for  every  cubic  ft. 
of  iron  takes  7|  cubic  ft.  of  displacement  to 
float  it. 

Whenever  we  have  to  encounter  the  effect 
of  violent  explosions,  our  first  object  is  to 
make  as  much  as  possible  of  the  impact  ex- 
pend itself  in  harmless  directions  ;  our  sec- 
ond, to  endeavor  to  gain  as  much  as  possible 
the  time  needed  to  change  destructive  im- 
pact into  mere  motion.  This  latter  is  a  task 
which  a  buffer  performs  in  cushioning  a 
blow.  It  gives  time  for  the  work  concen- 
trated in  the  impact  to  distribute  itself 
through  a  large  mass,  and  thus  to  lose  the 
intensity  which  is  necessary  to  a  disruptive 
or  disintegrating  effect.  By  what  particular 
device  we  bring  this  about  is  rather  a  matter 
of  structural  convenience  than  of  defensive 
power.  The  most  direct  method  of  doing  it 
is,  doubtless,  to  make  the  explosion  take 
place  at  as  great  a  distance  from  the  vital 
part  of  the  ship — from  its  inner  skin — as 
possible.  Experiment  and  theory  both  lead 
to  the  conclusion  that  its  action  varies  in- 
versely as  the  square  of  the  distance,  and 
therefore  the  interposition  of  an  increasing 
distance  very  soon  eonverts  its  destructive 
effect  into  a  mere  propulsion  of  the  ship.  If 
it  were  possible  to  keep  off  the  torpedo  from 
actual  contact  with  the  ship,  by  any  device, 
like  the  spines   of  a  hedgehog,  or   a   wire 


THE    EFFECT    OF    TORPEDOES    ON    NAVAL    CONSTRUCTION. 


130 


shield  outrigged,  small  torpedoes  would  hurt 
her  but  little.  For  various  reasons  these 
particular  devices  are  out  of  the  question, 
and  I  only  mention  them  as  showing  a 
theoretical  principle  which  we  should  keep 
in  view. 

For  particular  service,  when  it  is  the  de- 
liberate intention  to  make  a  ship  force  a  line 
of  torpedoes  it  may  be  worth  while  to  make 
the  sacrifice  of  speed,  and  to  outrig  either 
common  rope  netting  or  wire  netting,  at  a 
very  considerable  distance  from  the  ship's 
bottom.  As  this  netting  may  be  outrigged 
to  a  distance  of  6  or  8  ft.  from  the  ship's 
skin  I  do  not  doubt  that  this  is  the  best 
method  of  meeting  a  line  of  torpedoes  where 
such  a  line  is  known  to  exist.  But  the  ter- 
rible impediment  which  it  offers  to  speed 
and  handiness  makes  it  unpractical,  when 
the  object  is,  on  the  one  hand,  to  cruise  at 
the  risk  of  meeting  torpedoes  ;  or,  on  the 
other  hand,  to  be  serviceable  for  manoeuvring 
after  getting  through  them. 

These  considerations  have  suggested  to  me 
a  device  which  (although  not  wholly  satis- 
factory to  my  own  mind)  appears  to  me  far 
superior  to  that  of  putting  armor-plate  on 
the  bottom  of  a  ship.  It  is  as  follows : — 
Let  your  ship  have  three  skins,  each  divided 
into  cellular  spaces  of  moderate  size,*  the 
middle  skin  representing  what  is  now  the 
outer  skin  of  an  ordinary  double-plated  ship, 
like  the  Hercules  or  the  Audacious — the  cells 
perhaps  somewhat  smaller,  and  each  with  a 
man-hole  fitted  air-tight  in  the  inner  skin, 
and  also  with  a  pipe  having  a  stop-cock  and 
union  collar  opening  into  the  upper  corner 
of  it.  The  space  between  the  outer  and 
inner  skins  is  also  to  be  divided  into  cells, 
the  frames  and  longitudinals  composing 
which  should  break  joint  with  those  between 
the  middle  and  inner  skins.  Water  is  to  be 
freely  admitted  between  the  middle  and 
outer  skins.  The  middle  skin  is  to  be  de- 
liberately weakened  near  the  bottom  of  each 
inner  cell. 

I  expect  the  plan  to  work  as  follows  : — A 
torpedo  explodes  against  the  outer  skin  at 
t,  the  compartment,  m  n,  being  full  of  wat- 
er, and,  with  the  outer  surface,  e  e,  under 
violent  pressure,  must  relieve  itself  through 
the  middle  skin.  This  is  weakest  at  n  g, 
and  will  therefore  give  way  there.  The 
torpedo  will  therefore  have  the  work  to  do 
of  not  only  driving  in   the   outer  skin,  e  f, 

*  It  ia  an  axiom  of  iron  ship-building  that  no  subdivision  or 
cell  should  be  so  small  as  that  a  man  cannot  be  sent  into  it  and 
reach  every  part  of  it. 


and  bursting  the  inner  skin,  n  g,  but  also 
of  getting  the  water  out  of  3i  N  into  a  e, 
against  the  cushion  of  air  which  the  latter 
contains.  I  should  think  this  would  exhaust 
the  work  sufficiently  to  save  the  inner  skin 
from  vital  injury,  unless  the  torpedo  was 
very  powerful  indeed.  Then,  if  many  cells 
were  wounded,  the  cocks,  k,  would  come  into 
play ;  air  would  be  forced  into  them,  and 
would  expel  the  water  down  to  the  level,  h. 

The  frames  and  longitudinals  between  the 
middle  and  outer  skins  should  be  rounded, 
or  dished,  so  as  not  to  transmit  a  blow  to 
the  middle  skin.  The  edges  at  which  they 
meet  should  be  joined  with  a  covering  piece 
of  sheet-iron  of  half  their  own  thickness, 
which  would  break  up  easily,  and  thus  pre- 
vent the  cell  from  behaving  like  a  buckle- 
plate.  The  man-hole  n'  would  serve  to  take 
ashore  for  docking.  I  owe  this  very  im- 
portant practical  suggestion  to  Mr.  W.  0. 
Unwin. 

Without  having  too  much  faith  in  my 
own  project,  I  prefer  it  very  decidedly  to 
armor-plating  the  bottom.  I  certainly  add 
to  the  size  of  the  ship,  and  I  therefore  re- 
quire more  propelling  power.  I  also  add  to 
the  weight,  to  the  extent  of  the  quantity 
required  for  all  that  is  outside  the  middle 
skin.  But  this  is  not  comparable  to  the 
weight  of  armor-plating,  the  water  between 
the  middle  and  outer  skins  have  no  weight 
in  water,  and  therefore  requiring  no  displace- 
ment beyond  that  of  its  own  bulk  to  support 
it.  Of  course,  the  device  is  not  applicable 
to  small  craft. 

I  wish  to  repeat  that  I  have  not  written 
my  paper  to  bring  forward  this  project,  but 
that  the  project  occurred  to  me  in  the  task 
which  I  had  set  myself,  of  considering  what 
would  be  the  probable  effect  of  torpedoes  on 
the  construction  of  war-ships. 

As  regards  quantities  of  scantlings,  I  do 
not  consider  myself  in  a  condition  to  decide 
upon  these  points  until  I  have  before  me 
the  results  of  more  experiments  than  have 
yet  been  tried,  or  at  least  published.  There 
is  no  difficulty  in  calculating,  with  more  or 
less  exactness,  the  mechanical  work  due  to 
the  explosion  of  a  certain  quantity  of  gun- 
powder under  certainjcircurnstances.  But 
when  we  want  to  kncjf,  riot  the  total  work, 
but  the  destructive '  intact  under  the  influ- 
ence of  circamstances  which  have  not  yet 
been  experimentally  studied,  we  are  quite 
at  fault.  For  instance,  I  do  not  at  ail  see 
my  way  to  answering  the  question  whether 
it  would  be  preferable  to  expend  the  cost  oi 
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protection  chiefly  in  the  thickness  of  the 
outer  skin,  or  rather  in  its  distance  from  the 
middle  skin ;  still  less  do  I  know  the  point  at 
which  there  is  equation  between  these. 
Again,  I  have  nothing  to  guide  me  as  to 
whether  it  would  be  better  that  the  cells  of 
the  outer  skin  should  or  should  not  include 
an  air-cushion  or  a  water-cushion. 

On  all  these  points  we  must  await  actual 
experiment.  I  am  glad  to  hear  that  experi- 
ments upon  torpedoes  have  been  undertaken, 
and  I  shall  consider  that  a  great  part  of  my 
object  in  writing  this  paper  has  been  ac- 
complished, if  it  has  the  effect  of  furnishing 
hints  for  the  useful  direction  of  such  experi- 
ments. 

To  return  to  the  main  subject  of  the  pa- 
per. The  introduction  of  the  torpedo  system 
greatly  increases  the  inevitable  risks  of  ships 
of  war — that  is  to  say,  those  risks  which 
must  be  run  with  full  knowledge  of  the 
hazard  encountered,  and  even  with  the  dis- 
tinct notion  that  some  not  inconsiderable 
loss  of  ships  and  of  human  life  is  certain  to 
occur.  It  is,  therefore,  above  all  things 
important  to  reduce  to  a  minimum  the  crews 
of  ships  of  war.  To  crowd  together  more 
men  upon  one  ship  than  are  needed  for 
working  and  fighting  is  a  deliberate  waste 
of  our  most  valuable  resource. 

One  thing  more.  A  large  iron-clad  of  the 
present  day  is  a  vile  place  to  live  in.  Small 
iron-clads,  or  even  large  iron-clads,  divided 
into  cells,  will  be  very  much  worse,  inso- 
much that  every  man  will  be  a  nuisance  to  his 
neighbor.  With  every  squadron,  therefore, 
we  must  send  other  ships,  not  fitted  for  fight- 


ing— an  admiral's  yacht,  a  hospital  ship, 
and  a  floating  smithy  at  the  least.  It  will 
be  much  cheaper  to  provide  accommodation 
separately  for  these  purposes,  thau  to  build 
fighting-ships  to  receive  non-combatants. 

I  believe  this  paper  contains  the  first  sug- 
gestion which  has  yet  been  made  public  for 
providing  structural  means  of  enabling  a 
ship  to  resist  torpedo  attack.  I  regard  it  as 
a  first  step  only.  I  think  it  just  possible 
that,  as  a  first  step,  it  will  be  welcomed  by 
my  audience,  partly  for  its  own  sake,  but  far 
rather  as  the  harbinger  of  more. 

In  conclusion,  I  wish  to  point  out  that  the 
introduction  of  torpedo  warfare  has  not  had 
for  its  strategic  effect  the  paralysis  of  naval 
attack.  On  the  contrary,  it  has  only  gone 
part  way  to  neutralize  the  enormous  pre- 
ponderance which  at  one  time  the  introduc- 
tion of  steam-power  and  armor-plating  ap- 
peared to  give  to  an  assailant.  I  do  not 
propose  to  discuss  details  which  belong  to 
the  military  rather  than  to  the  construc- 
tive branch  of  our  profession ;  but  I  have 
much  misunderstood  our  contemporary  his- 
tory if  I  am  wrong  in  my  belief,  that,  tor- 
pedoes and  railways  notwithstanding,  the 
seaward  enemy  is  far  more  dangerous  now 
to  the  landward  power,  than  when  sails  and 
oars  were  the  only  means  of  propulsion. 
The  command  of  the  coast  still  follows  the 
mastery  of  the  sea. 

Note. — It  may  be  worth  while  to  call  at- 
tention to  a  plan  for  fishing  up  or  cutting 
torpedo  wires,  which  I  published  in  the 
"  Engineer  "  for  18th  November,  1870,  p. 
343. 


ON  A  NEW  FORM  FOR  IRON-CLADS. 

By  CAPTAIN  JOHN  WHEATLEY,  R.N. 
From  "The  Journal  of  the  Society  of  Arts." 


In  Captain  Colomb's  paper  "  On  the  At- 
tack and  Defence  of  Fleets,"  read  at  the 
Royal  United  Service  Institution  last  April, 
after  showing  the  great  loss  of  power  of  the 
gun  as  a  weapon,  he  states  : — "  This  seems 
to  me  a  very  startling  conclusion  to  arrive 
at,  and  one  which  lies  at  the  root  of  all  con- 
struction and  armament.  It  is  not  as  though 
it  were  certain  that  gun  must  meet  gun,  and 
therefore  the  recession  was  common  to  both 
sides  of  the  equation,  but  it  is  that  some 
other  weapon  or  weapons  are  making  tre- 
mendous strides,  and  are  beating  the  gun 


in  competition.  It  may  mean  also  that  the 
manner  of  constructing  the  carriage — that 
is,  the  ship — is  at  the  bottom  of  the  reces- 
sion. In  any  case  I  can  conceive  no  more 
important  subject  for  inquiry  than  whether 
my  figures  and  deductions  are  correct.  If 
they  are,  I  can  only  express  my  belief  that 
we  are  close  upon  a  very  extraordinary  con- 
struction of  our  navy." 

Thus,  in  the  opinion  of  a  most  competent 
judge,  of  an  officer  who  has  made  an  especial 
study  of  his  subject,  none  of  our  present 
ships  are  efficient,  not  one  fit  to  cope  with 
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the  new  conditions  of  naval  warfare.  The 
weapons  alluded  to  as  beating  the  gun 
are,  first,  the  ship  used  as  a  ram ; 
second,  the  torpedo  ;  this  latter,  however, 
making  the  ram  a  very  hazardous  mode  of 
attack. 

Taking  the  torpedo  as  by  far  the  most 
important  weapon,  but  without  excluding 
the  others,  it  will  be  my  endeavor  to  bring 
before  you  a  form  of  vessel  more  adapted 
to  the  altered  condition  of  naval  warfare 
than  any  now  extant.  Formerly,  broadside 
on  was  the  mode  of  attack,  because  bringing 
the  greater  number  of  guns  to  bear ;  with 
iron-clads,  presenting  the  broadside  is  their 
weakest  position,  as  presenting  the  greatest 
extent  of  penetrable  armor,  and  laying 
them  more  open  to  ram  and  torpedo  attacks. 
The  form  of  vessel  of  which  the  diagrams 
are  before,  you,  is  taken  from  the  Eastern 
type,  prevalent  from  Egypt  to  Japan  inclu- 
sive, and  of  which  the  Bombay  cotton-boat 
is  one  of  the  best  specimens  ;  but  in  my 
vessel  the  projecting  bow  will  be  prolonged 
to  a  form  approaching  that  of  the  cigar-ship, 
for  reasons  which  I  will  explain  later.  Her 
extreme  length  is  to  be  300  ft.;  beam  l-4th 
of  length,  75  ft.,  enabling  her  to  carry  14 
35-ton  guns,  weighing,  with  23-ton  car- 
riages, 812  tons,  little  more  than  two  turrets 
with  their  guns.  These  14  guns  are  to  be 
mounted  on  Captain  Moncrieff' s  system, 
having,  without  altering  her  position,  a 
greater  weight  of  all-round  fire  than  any 
existing  form,  while  exposing  less  vulnera- 
ble surface,  the  guns  being  mounted  in  an 
oval,  terminating  forwards  in  an  acute 
spherical  angle.  Her  best  mode  of  attack 
being  stem  on,  she  will  bring  eight  guns 
firing  ahead  or  astern  parallel  to  the  keel, 
the  beam  gun  and  contiguous  gun  firing 
alternately.  The  length  of  the  major  axis 
of  the  oval  is  half  the  extreme  length,  150 
ft.;  any  increase  of  the  length  of  the  oval 
would  diminish  the  defence  by  exposing  a 
larger  surface  to  an  attack  on  the  broadside, 
while  any  diminution  would  cramp  the  space 
for  working  the  guns.  The  ketch  rig  gives 
a  clear  deck  for  the  same  purpose,  and  the 
lateen  form  of  head  sails  tends  more  than 
the  present  form  to  lift  the  bow,  ease  the 
pitching  motion,  and  so  to  increase  the 
speed.  On  looking  over  vol.  v.  of  your 
"  Transactions,"  I  found  that  one  of  your 
vice-presidents,  Admiral  Sir  Edward  Belch- 
er, had  proposed,  in  1829,  to  sail  an  18-gun 
brig  stern  foremost  and  ketch-rigged ;  so  I 
trust  that  this  proposal  to  carry  out  similar 


principles  on  a  larger  scale  will  obtain  his 
approbation. 

The  proposed  beam  is  necessary  to  admit 
of  a  powerful  battery  firing  ahead  or  astern 
iu  attacking  or  retreating,  and  only  seems 
excessive  through  the  size  our  ships  have 
attained ;  proportionately  it  is  not  greater 
than  that  of  our  former  wooden  ships. 

I  now  come  to  the  long  projecting  bow. 
In  the  discussion  on  Captain  Colomb's  sec- 
ond paper  "  On  the  Attack  and  Defence  of 
Fleets,"  at  the  Royal  United  Service  Insti- 
tution, on  the  15th  of  January  last,  the 
question  was  asked,  "How  would  you  attack 
an  enemy's  fleet,  supposing  each  ship  of  the 
enemy  towing  a  Harvey  torpedo  on  each 
side?"  It  appears  to  me  that  the  result, 
whether  with  fleets  or  single  ships,  would  be 
in  favor  of  the  party  giving  the  first  hits 
with  the  torpedo,  and  that  this  would  be 
best  obtained  by  an  outrigger  of  the  length 
of  a  late  first-rate's  jib-boom,  about  70  ft., 
with  a  housing  of  12  or  15  ft.  from  the  pro- 
jecting stem  of  my  vessel.  Again,  this  form 
of  stem  would  tow  two  other  torpedoes,  one 
on  each  side,  with  not  more  than  three  or 
four  fathoms  of  line,  all  three  at  the  requi- 
site depth  under  water  to  secure  an  effective 
explosion,  while  the  form  of  stem  under 
water  exposes  less  surface  to  an  attacking 
torpedo  than  any  ship  of  the  present  form. 
Should  an  enemy's  ship  approach  with  an  in- 
tention to  ram,  the  towing  torpedoes  may  be 
allowed  to  run  out  the  line  till  the  torpedo 
has  crossed  her  course,  and  then,  the  break 
being  applied,  she  will  be  at  once  destroyed. 

Vessels  of  this  form  will  have  greater 
buoyancy  than  those  of  the  present  form, 
and  therefore  would  carry  thicker  armor, 
and  if  requiring  ballast  to  steady  her  in 
rolling,  it  might  be  applied  in  thicker  bottom 
plates  ;  but  these  are  subjects  that  specially 
belong  to  the  naval  architect. 

Another  advantage  of  this  form  is,  that  it 
gives  greater  rapidity  in  turning,  thus  en- 
abling her  more  readily  to  avoid  sudden  at- 
tacks by  ram  or  torpedo,  and  punishing  the 
attempt  with  her  stem  or  her  guns. 

As  to  guns,  without  disputing  the  supe- 
riority of  the  rifled  gun  when,  as  on  shore, 
the  platform  and  the  object  are  both  fixed, 
at  sea  I  should  prefer  the  smooth-bore, 
giving  the  advantage  of  ricochet  firing,  where 
platform  and  object  are  both  in  motion,  and 
the  range  ever  changing,  and  also  for  the 
power  of  using  grape-shot. 

In  the  encounter  between  the  Royal  Sov- 
ereign and  the  Camel,  with  Harvey's  torpe- 
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does,  it  may  be  assumed  that  had  the  Royal 
Sovereign's  25-ton  guns  been  smooth-bores, 
and  using  grape-shot  in  proportion  to  the 
round  shot  they  would  throw,  the  Camel 
woidd  have  been  defeated  on  her  first  attack. 
As  the  case  now  stands,  this  torpedo  success 
condemns  the  whole  turret  system.  A  35- 
ton  gun  would  probably  admit  of  an  18-in. 
bore,  throwing  an  800  lbs.  shot ;  and  a  clus- 
ter of  grape  of,  say  12  7-in.  50  lbs.  shot, 
would,  with  disk  and  rod,  be  of  about  the 
same  weight,  and  speedily  settle  any  unar- 
mored  or  light-armored  ram,  gun,  or  torpedo 
vessel  venturing  within  range,  and  thus,  in 
some  measure,  restoring  some  of  the  lost 
power  of  the  gun. 

According  to  my  experiehce,  every  vessel 
moving  through  the  water,  except  before 
the  wind,  raises  a  sea  against  her  in  propor- 
tion to  her  bulk,  speed,  and  weight.  This 
is  visible  even  in  the  gentle  movements  of 
an  aquatic  bird  in  water,  elsewhere  as 
smooth  as  a  plate  of  glass,  and  in  buoys  and 
piers  of  bridges  in  a  tide-way.  In  an  ac- 
count of  the  visit  of  Comodore  Perry,  of  the 
United  States  Navy,  to  Japan,  I  find  it  sta- 
ted that  "the  heavy  sea  at  the  landing-place 
caused  a  long  delay  in  embarking. 


At  last  when  all  were  embarked,  a  further 
advantage  of  the  Japanese  boats,  whose 
superior  speed  was  already  known,  was 
manifest  in  the  fact  that  all  who  were  in 
the  Japanese  boat  arrived  at  the  ship  quite 
dry,  while  those  in  the  American  boats  were 
thoroughly  drenched."  From  this  fact,  I 
put  it  to  the  consideration  of  naval  archi- 
tects whether,  seeing  that  ramming  is  hard- 
ly possible  in  the  face  of  the  torpedo,  a  total 
change  in  the  form  of  the  bow  of  the  breast- 
work monitors  to  that  on  the  principle  here 
proposed  might  enable  them  to  face  the  sea, 
which  more  than  one  example  shows  that 
they  are  now  not  able  to  do. 

To  conclude.  Considering  that  living  on 
an  island  not  producing  sufficient  food  for 
the  population,  our  commerce  is  our  life,  that 
we  could  not  exist  in  our  present  numbers 
without  it,  a  hostile  fleet  at  sea  unopposed 
would  be  even  more  fatal  than  a  landing  on 
our  shores  ;  that  thus  the  absolute  necessity 
of  attack  is  forced  upon  us  ;  and  that,  as  far 
as  I  am  aware,  no  answer  has  been  given  to 
the  question,  How  is  that  fleet  to  be  attack- 
ed with  a  reasonable  chance  of  success  ?  it 
has  been  my  endeavor,  according  to  my 
ability,  to  show  how  this  may  be  effected. 


SECTIONAL  STEAM-BOILERS. 


From  "The  Engineer. " 


Many  years  have  elapsed  since  Dr.  Alban 
laid  down  the  axiom,  that  as  it  was  impos- 
sible to  prevent  boilers  from  bursting,  they 
should  be  so  designed  that  their  explosion 
would  not  be  dangerous.  It  is  only  within 
the  last  eight  or  ten  years,  however,  that 
any  vigorous  attempt  has  been  made — we 
shall  not  say  to  invent — but  to  popularize 
the  use  of  sectional  steam  generators,  that 
is  to  say,  of  boilers  composed  of  a  number 
of  distinct  parts  or  sections,  any  one  of 
which  may  burst  without  entailing  fatal 
consequences  on  those  near  the  boiler  at 
the  time.  It  is  by  no  means  an  easy  task 
to  design  a  good  sectional  boiler.  Those 
which  look  very  well  on  paper  do  not  al- 
ways work  well  in  practice ;  and  large 
numbers  of  boilers  which  promised  to  be 
successful  have  proved  utter  failures.  We 
shall  not  attempt  just  now  to  consider  why. 
We  can  assert,  instead,  that  many  of  the 
difficulties  which  have  hitherto  been  en- 
countered in  designing,  constructing,  and 
working  sectional  boilers  are  already  over- 


come, and  that  there  is  a  fair  prospect  that, 
for  land  stationary  purposes  at  least,  sec- 
tional steam  generators  will  within  a  few 
years  come  into  very  extended  use.  Of  the 
safety  of  such  boilers  there  can  be  no 
doubt.  There  is  no  recorded  instance,  so 
far  as  our  knowledge  extends,  of  a  disas- 
trous result  following  on  the  explosion  of  a 
sectional  boiler.  As  regards  their  efficien- 
cy, their  economy,  or  their  durability,  we 
regret  that  we  are  unable  to  speak  so  favor- 
ably. Their  imperfections  and  shortcom- 
ings in  these  respects  will,  however,  we 
think,  be  remedied  in  time;  and  so,  all 
things  considered,  we  regard  the  future  of 
the  sectional  boiler  hopefully. 

Bacon's  well-known  adage,  that  "  expe- 
rience is  the  foundation  of  all  knowledge," 
has  been  worked  well-nigh  to  death  by 
hard  service,  yet  we  use  it  here  because  it 
embodies  a  truth  too  much  neglected  by 
engineers.  Of  all  known  sciences,  none 
depend  so  much  on  the  teaching  of  experi- 
ence as  the  science  of  mechanical  construe- 
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tion.  The  mechanical  engineer  can  never 
predicate  anything  with  certainty  when  he 
has  to  deal  with  a  new  thing.  We  do  not 
niean  to  assert  that  it  is  impossible  to  form 
a  tolerably  accurate  estimate  concerning  a 
new  machine  or  structure,  but  we  do  assert 
that  it  is  impossible  to  be  certain  that  the 
estimate  will  be  accurate;  and  this  state- 
ment is  specially  true  of  steam  generators. 
No  one  can  tell,  when  he  is  designing  a 
boiler  of  a  totally  novel  type,  whether  it 
will  work  well  or  not,  and  in  no  branch  of 
mechanical  engineering  is  there  a  greater 
dearth  of  the  records  of  the  results  of 
experiments  than  in  that  branch  which 
concerns  itself  with  the  design  and  con- 
struction of  steam  boilers.  Scores  of  novel 
designs  have  been  carried  out  and  tested 
by  experiment,  it  is  true;  but  the  results 
have  either  been  imperfectly  recorded,  or 
kept  secret  by  men  who  did  not  care  to 
announce  to  the  world  that  they  had  been 
unsuccessful.  In  boiler  engineering,  no 
one  can  tell  what  he  can  do  till  he  tries. 
It  is  matter  for  regret  that  the  scientific 
world  does  not  know  more  than  it  does 
of  the  results  obtained  by  men  who  have 
tried.  Even  such  particulars  as  we  do  pos- 
sess are  for  the  most  part  imperfect.  Those 
who  supply  them  are  almost  invariably  in- 
accurate ;  usually  because  they  do  not  know 
how  to'  secure  accuracy ;  sometimes  because 
they  deceive  themselves;  occasionally  be- 
cause they  wish  to  deceive  the  public.  There 
are  three  great  points  to  be  attended  to  in 
designing  any  steam  boiler: — In  the  first 
place,  it  should  be  safe;  in  the  second,  it 
should  be  economical  of  fuel;  in  the  third, 
it  should  be  efficient — in  other  words,  it 
should  steam  well.  That  it  should  be 
cheap  and  easily  repaired  are  scarcely  sec- 
ondary conditions  of  success.  Now,  as  re- 
gards Cornish,  Lancashire,  egg-ended,  and 
multitubular  boilers,  nearly  everything  is 
known  that  need  be  known.  There  is  in- 
formation wanted  on  a  few  points  concern- 
ing them,  but  it  is  not  very  essential  infor- 
mation. As  regards  the  sectional  type  of 
boilers — which  will,  probably,  to  some  ex- 
tent, supersede  the  ordinary  fixed  land 
boiler — however,  there  is  little  or  no  infor- 
mation in  existence.  Nothing,  or  next  to 
nothing,  is  known  about  the  durability, 
economy,  or  efficiency  of  almost  any  one  of 
the  six  or  eight  varieties  of  sectional  boiler 
now  in  the  English  and  American  markets. 
Thus,  having  put  the  actual  position  of 
affairs  as  regards  boiler  engineering — and 


sectional  boiler  engineering  in  particular — 
before  our  readers  in  what  we  have  just 
written,  we  shall  now  proceed  to  supply 
such  information  as  lies  in  our  power  con- 
cerning five  different  species  of  boiler,  all  of 
which  are  in  use  in  the  United  States, 
while  one,  at  least,  is  being  extensively 
adopted  in  England.  Eor  this  information 
we  are  indebted  to  the  report  of  a  comin it- 
tee  appointed  to  test  steam  boilers  at  the 
American  Institute  Exhibition  in  1871,  a 
copy  of  which  we  have  recently  received. 

The  generators  tested  are  known  as  the 
Eoot,  the  Allen,  the  Phleger,  the  Lowe,  and 
the  Blanchard  boilers.  The  first  three  are 
sectional  boilers.  The  Lowe  boiler  is  a  hori- 
zontal tubular  generator,  while  the  Blanch- 
ard boiler  is  of  the  vertical  fire-tube  typ« 
In  testing  the  boilers,  the  utmost  care  was 
used  to  secure  accurate  restdts ;  neverthe- 
less, the  experiments  are  not  quite  unex- 
ceptionable. Taken  as  a  whole,  however, 
they  constitute  the  most  reliable  investiga- 
tion into  the  relative  merits  of  different 
steam  boilers,  particulars  of  which  have 
yet  been  made  public.  The  ordinary  sys- 
tem of  testing  a  boiler  consists  in  filling  it 
up  to  a  certain  point,  marking  the  gauge 
glass  at  that  point  when  steam  is  up 
to  the  working  pressure,  letting  the  fire 
burn  down  to  a  few  embers,  supplying 
it  with  weighed  coal,  and  then  work- 
ing the  boiler  for  a  given  number  of 
hours,  and  noting  the  weight  of  water 
pumped  in  and  that  of  the  coal  burned.  In 
the  end  the  fire  is  allowed  to  burn  down  to 
a  few  embers,  and  the  water  is  brought  to 
the  same  level  as  at  starting.  The  weight 
of  water  pumped  in,  divided  by  the  weight 
in  pounds  of  the  coal  burned,  gives  the 
evaporative  economic  efficiency  of  the  boiler. 
The  weight  of  water  evaporated  per  square 
foot  of  heating  surface  per  hour  gives  its 
absolute  evaporative  efficiency,  which,  we 
need  hardly  say,  is  a  very  difi'erent  thing. 
Now,  this  system  of  test  is  very  accu- 
rate, and  good  in  ail  respects  but  one. 
It  takes  no  cognizance  of  the  fact  that 
a  great  deal  of  water  may  be  primed 
out  of  the  boiler,  and  not  evaporated  at 
all.  This  is  a  most  important  defect. 
inasmuch  as  the  worse  may  be  made  to 
appear  the  better  of  two  boilers.  Eor 
example,  suppose  one  boiler  evaporates 
7  lbs.  of  water  per  pound  of  coal,  and  an- 
other evaporates  butb\5  lbs.,  and  discharges, 
as  priming,  1.5  lb.;  then,  apparently,  the 
latter  boiler  would  be  the  better  of  the  two 
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in  tlie  ratio  of  8  lbs.  to  7  lbs.,  while  it 
was  really  worse,  not  only  because  it  did 
not  take  up  so  much  heat  as  its  rival  from 
the  fuel,  but  because  it  possessed  the  grave 
defect  of  priming  heavily  as  well.  Now, 
priming  is  a  very  subtle  pnenomenon.  It 
is  very  difficult  to  say  whether  it  is  or  is  not 
taking  place  when  the  quantity  of  water 
passing  off  with  the  steam  is  small.  In 
order  not  only  to  detect  the  presence  of 
water  in  the  steam,  but  to  measure  the  pre- 
cise quantity  present,  the  committee  whose 
proceedings  we  are  now  considering  adopted 
the  following  plan : — A  large  wooden  tank 
was  prepared,  in  which  was  built  a  surface 
condenser,  having  about  1,100  sq.  ft. 
of  cooling  surface.  The  condenser  was 
made  by  connecting  up  the  requisite  num- 
ber of  tubes,  obtained  from  the  Hoot  Steam 
Engine  Company,  the  peculiar  method  of 
connection  adopted  in  the  Hoot  boiler  afford- 
ing excellent  facilities  for  so  doing.  Water 
from  the  hydrants  was  led  through  Worth- 
ington  meters  into  the  lower  part  of  the 
tank,  and,  rising  among  the  tubes  of  the 
condenser,  overflowed  at  the  top.  The 
steam  from  the  boiler  on  trial  entered  the 
tubes  at  the  top  of  the  condenser,  and  the 
water  of  condensation  flowed  out  at  the 
lowest  point.  The  currents  of  steam  and  of 
condensing  water  thus  moved  in  opposite 
directions,  and  the  steam  was  condensed 
completely  with  the  least  possible  quantity 
of  condensing  water.  Thermometers  were 
carefully  made  for  the  occasion  by  Gk 
Tagliabue,  and  were  placed  as  follows  :  One 
having  a  scale  ranging  from  30  deg.  to  101 
deg.  Eahr.  was  placed  at  the  inlet  of  the  in- 
jection water,  and  its  reading  indicated  the 
temperature  of  both  feed  and  injection  ;  one 
ranging  from  100  deg.  to  175  deg.  Fahr., 
was  placed  at  the  mouth  of  the  overflow 
pipe,  and  showed  the  temperature  of  the 
condensing  water  when  discharged  from 
the  tank ;  one  thermometer,  with  a  range 
of  from  45  deg.  to  175  deg.  Fahr.  was  so 
placed  as  to  indicate  the  temperature  of 
water  of  condensation  when  leaving  the 
condenser.  Another  thermometer  was 
placed  in  the  steam  space  of  the  boiler.  The 
pressure  of  the  steam  was  indicated  by  two 
recording  gauges,  and  the  feed- water  used 
was  accurately  weighed,  300  lbs.  at  a  time. 
It  is  obvious  that  all  the  heat  taken  up  by 
the  water  in  the  boilers,  less  that  due  to  the 
radiation  or  conduction  from  the  heated 
metal,  must  find  its  way  under  this  arrange- 
ment to  the  water  in  the  surface  condenser. 


Taking  the  load  on  the  safety  valve  at  76 
lbs.,  we  have  a  total  of  1,180  units  of  heat 
in  round  numbers  for  every  pound  of  steam 
sent  into  the  surface  condenser,  that  is  to 
say,  each  pound  of  steam  would  raise  1,180 
lbs.  of  condensing  water  1  deg.,  or  118  lbs.  of 
water  10  deg.,  but  each  pound  of  water 
passing  away  to  the  surface  condenser  un- 
evaporated  would  bring  to  the  water  in  the 
condenser  but  320  units  of  heat. 

Now  it  is  very  easy  to  determine,  with 
these  data  before  us,  exactly  how  much  a 
given  weight  of  water  going  into  a  boiler, 
and  converted  into  steam,  ought  to  raise  in 
temperature  a  given  weight  of  water  going 
into  a  surface  condenser  ;  and  if  we  find 
that  the  condensing  water  is  not  as  hot  as 
it  should  b"e,  then  we  know  that '  all  the 
water  fed  into  the  boiler  is  not  being  con- 
verted into  steam ;  and,  as  the  next  step,  a 
very  simple  calculation  will  determine  how 
much  is  evaporated  and  how  much  leaves  the 
boiler  as  priming.  When  a  test  is  carried 
out  in  this  way  it  is,  with  proper  care,  quite 
possible  to  determine  the  amount  of  prim- 
ing within  a  minute  fraction  of  1  per  cent, 
of  the  whole  weight  of  water  fed  into  the 
boiler.  The  surface  of  heated  water  expos- 
ed by  the  condenser  tank  was  very  consid- 
erable, and  precautions  were  taken  to  re- 
gister the  exact  quantity  of  water  passing 
off  by  evaporation  from  this  open  surface. 
This  was  effected  by  placing  a  cup  of  water 
in  the  tank,  at  the  top  of  the  condenser,  at 
such  height  that  the  level  of  the  water  inside 
and  outside  the  cup  were  the  same,  noting 
the  difference  of  temperature  of  the  water 
in  the  cup  and  at  the  overflow,  and  the  loss 
by  evaporation  from  the  cup.  The  amount 
of  evaporation  from  the  surface  of  the 
water  in  the  cup  and  in  the  condenser,  which 
latter  was  exposed  to  the  air,  was  consider- 
ed as  approximately  proportional  to  the 
tension  of  vapor  due  to  their  temperatures, 
and  was  so  taken  in  the  estimate.  In  test- 
ing the  boilers,  steam  was  first  raised  to  the 
required  full  working  pressure  with  wood 
only.  As  soon  as  the  safety  valve  blew  off 
freely  the  use  of  coal  commenced,  and  the 
steam  was  turned  into  the  condenser.  Each 
trial  lasted  twelve  hours,  and  when  it  was 
over,  the  fire  on  the  grate  was  at  once 
drawn  and  weighed,  the  weight  being  put 
to  the  credit  of  the  boiler. 

We  now  come  to  the  results  obtained, 
which  admit  of  being  very  briefly  stated. 
The  Root  boiler,  with  27  sq.  ft.  of  grate, 
and  876^  sq.  ft.  of  heating  surface,  evapo- 
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rated  7.34  lbs.  of  water  per  lb.  of  coal ; 
temperature  of  feed,  46  deg.  The  Allen 
boiler,  with  32^  sq.  ft.  of  grate,  and  920 
sq.  ft.  of  heating  surface,  evaporated  7.38 
lbs.  of  water  per  lb.  of  coal ;  tempera- 
ture of  feed,  75|  deg.  There  was  no  trace 
of  priming,  but,  on  the  contrary,  a  slight 
superheating  with  both  these  boilers.  The 
Phleger  boiler,  with  23  sq.  ft.  of  grate,  and 
6i)0'  sq.  ft.  of  heating  surface,  evaporated 
7.07  lbs.  of  water;  feed,  45.65  deg.  The 
Lowe  boiler,  with  37f  sq.  ft.  of  grate,  and 
913  sq.  ft.  of  heating  surface,  evaporated 
7.20  lbs.  of  water;  feed,  45  deg.;  and  the 
Blanchard  boiler,  with  8-^  sq.  it.  of  grate, 
and  440  sq.  ft.  of  heating  surface,  evapora- 
ted 8  lbs.  of  water  per  lb.  of  coal ;  feed, 
44.4  deg.  The  last  three  boilers  all  primed 
slightly,  the  amount  of  water  so  leaving  the 
boiler  being  3.26  per  cent,  with  the  Phle- 
ger, 6.9  per  cent,  with  the  Lowe,  and  3  per 
cent,  with  the  Blanchard  generators.  The 
coal  was  of  excellent  quality,  containing  91 
per  cent,  of  pure  carbon  and  5.51  of  com- 
bustible gas. 

The  first  fact  rendered  apparent  by  the 
foregoing  figures  is  that  not  one  of  the  boil- 
ers tested  can  lay  any  claim  to  be  consider- 
ed exceptionally  economical.  They  all 
gave  a  very  fair  result,  but  none  of  them 
gave  a  better  result  than  can  be  had  from 
a  good  Lancashire  boiler.  Quite  as  good, 
if  not  better,  results  have  been  regularly 
obtained  from  small  multitubular  boilers, 
while,  as  regards  vertical  boilers,  two  of 
them  could  be  named  which,  though  of 
small  size,  are  more  economical.  We  may 
cite  one  presenting  some  features  of  novel- 
ty which  we  tested  a  few  weeks  since,  and 
found  to  evaporate  into  perfectly  dry  steam 
as  much  as  9  lbs.  of  water  from  a  tempera- 
ture of  41  deg.  per  lb.  of  coal;  and  it 
was  a  very  little  boiler,  too,  being  only  4- 
horse  power. 

We  have  no  fault,  however,  to  find  with 
the  boilers  under  consideration  as  regards 
evaporation.  That  is  quite  up  to  the  aver- 
age of  good  practice  in  boiler  engineering 
in  this  country.  The  real  objection  lies  in  the 
fact  that  they  were  one  and  all  slow  steam- 
ers. The  little  vertical  4-horse  boiler  to 
which  we  have  just  referred  evaporated 
336  lbs.  per  hour  of  water  with  a  total  sur- 
face of  about  75  sq.  ft.,  or  4.48  lbs.  per  sq. 
ft.;  and  this  is  in  nowise  a  remarkable  rate 
of  steaming.  Indeed,  we  once  watched  the 
performance  of  two  egg-ended  boilers,  pos- 
sessing together  450  sq.  ft.  of  heating  sur- 
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fac».  These  boilers  regularly  evaporated 
120  cubic  ft.  of  water  per  hour,  or  16.5  lbs. 
per  sq.  ft.  of  surface.  These  were  furnace 
boilers,  however,  intensely  heated.  An 
evaporation  of  5  lbs.  or  6  lbs.  of  water  per 
ft.  of  surface  per  hour  may  be  taken  as  that 
commonly  realized  in  ordinary  practice. 
The  American  boilers,  however,  did  nothing 
approaching  to  this.  The  Root  boiler  evap- 
orated during  the  trial  only  2.65  lbs.,  the 
Allen  but  3.59  lbs.,  the  Phleger  but  2.83  lbs., 
the  Lowe  but  3.10  lbs.,  and  the  Blanchard 
only  1.92  lbs.  of  water  per  sq.  ft.  of  heating 
surface.  It  is  fair  to  the  Root  boiler  to 
add  that  its  fires  were  allowed  to  get  far 
too  low  during  a  portion  of  the  trial.  From 
these  figures  it  would  appear  that,  for  each 
effective  horse-power,  taking  40  lbs.  of  steam 
per  hour  as  equivalent  to  a  horse-power, 
the  Root  boiler  would  require  about  15  sq. 
ft.  of  surface,  the  Allen  boiler  about  11  sq. 
ft,,  the  Phleger  boiler  about  14  sq.  ft.,  the 
Lowe  boiler  about  12.75  sq.  ft.,  and  the 
Blanchard  about  21  sq.  ft.  Heating  sur- 
face costs  money,  and,  other  things  being 
equal,  that  boiler  is  cheapest  which  requires 
the  least  amount  of  heating  surface  to  do  a 
given  amount  of  work.  It  is  quite  possible, 
however,  that  all  the  boilers  while  under 
test  were  worked  much  below  their  regular 
rates  of  steaming.  If  this  were  so,  how- 
ever, it  remains  to  be  proved  that  the  test 
accurately  represents  the  economical  effi- 
ciency of  the  boilers,  which  would  probably 
be  reduced  if  the  fires  were  forced.  On 
this  point,  however,  we  have  no  evidence 
whatever,  and  so  we  must  leave  our  readers 
to  draw  their  own  conclusions  from  such  data 
as  we  have  been  able  to  place  before  them. 


The  whole  number  of  acres  of  land  which 
have  as  yet  produced  petroleum,  is  sta- 
ted by  the  Titusville  "Courier"  to  be  about 
6,500 — equal  to  ten  square  miles.  This 
plot  of  land,  constituting  about  one  two- 
hundreth  part  of  what  is  known  as  "  The 
Oil  Region,"  produced  during  the  year  1871, 
5,790,000  barrels  of  oil,  which  at"  84. 50  per 
barrel — the  average  price  for  the  year — ■ 
reaches  the  snug  sum  of  $26,055,000.  The 
same  region  has  produced  since  1859,  33,- 
301,000  'barrels  of  oil,  which  probably  yield- 
ed not  far  from  $160,000,000.  And  so  far 
is  this  wonderful  region  from  being  exhaust- 
ed, that  the  value  of  the  land  is  greater  to- 
day than  at  any  time  since  the  discovery  of 
oil,  except  during  the  times  of  the  great  ex- 
citement in  1865. 
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MASONEY  AND   BRICKWORK. 


From  "Engineering." 


However  gigantic  may  be  the  strides  with 
which  engineering  science  has  advanced  dur- 
ing the  last  few  years,  it  cannot  be  denied 
that,  so  far  as  regards  the  special  art  of 
building  in  masonry  or  brickwork,  the  pres- 
ent race  of  architects  and  engineers  are 
feeble  in  conception,  timid  in  execution,  and 
but  dwarfs  of  utter  insignificance  as  com- 
pared with  the  giants  of  former  days. 

It  would  be  amusing,  or  more  truly  per- 
haps the  revei^se,  to  note  in  what  manner  an 
average  architect  or  engineer  of  the  present 
age  would  deal  with  some  of  the  problems 
presented  to  the  old  masters,  for  instance, 
such  a  one  as  that  successfully  solved  by 
the  Saracenic  builder  of  the  justly  celebrated 
tomb  of  Mahomet  at  Bejapore,  India,  which 
was  as  follows  :  Given  a  building  135  ft. 
sq.  on  plan,  and  110  ft.  high,  required  to 
cover  the  same  with  a  circular  dome  124  ft. 
in  diameter,  and  weighing  some  12,000  or 
14,000  tons.  It  would  be  curious  to  ob- 
serve how  many  hundreds  of  tons  of  iron 
our  men  would  consider  it  imperative  to 
throw  into  the  work.  The  Saracen,  know- 
ing the  capabilities  of  his  material,  asked 
for  no  ironwork,  but  fearlessly  trusted  to 
his  masonry,  and  skilfully  corbelled  out  the 
square  walls  at  the  top  to  meet  and  support 
the  circular  dome,  and  to  such  a  bold  ex- 
tent, that  at  the  angles  of  the  building  the 
projection  of  the  corbelling  measured  no 
less  than  46  ft. 

How  infantile  appear  the  greatest  exer- 
tions of  our  modern  building  in  comparison 
with  such  mammoth  works  as  these.  The 
traditions  of  the  art  have  been  lost,  and 
science  has  provided  no  substitute.  Our 
professors,  if  they  do  not  avoid  the  subject 
altogether,  treat  it  in  a  perfunctory,  ignotum 
per  ignotius,  manner,  which  only  serves  to 
make  the  "  darkness  more  visible,"  or  the 
"  little  glooming  light" — which  may  already 
exist  in  the  student's  mind — "  more  like  a 
shade."  We  may  be  taught,  for  instance, 
that  the  line  of  pressure  in  an  arch  must  be 
included  in  the  middle  third  of  its  depth,  or 
the  arch  wdl  tumble  down,  and  we  may  be 
treated  to  many  other  equally  shallow  dicta 
based  upon  hypotheses  evolved  from  purely 
theoretical  considerations,  which  the  bare 
existence  of  hundreds  of  buildings  for  hun- 
dreds of  years  conclusively  demonstrates  to 
be  utterly  false  and  untenable. 


In  recent  times,  no  doubt,  the  introduc- 
tion of  ironwork  has  had  much  to  do  with 
the  extinction  or  suppression  of  nearly  all 
that  is  true  and  expressive  in  the  art  of 
building.  It  is  so  very  easy  to  multiply 
the  span  and  divide  by  the  depth,  and  to 
perform  the  other  elementary  operations 
incidental  to  the  determination  of  the 
strength  of  an  iron  girder ;  and  then,  be- 
sides, the  figures  and  diagrams  look  so 
clever  as  to  induce  in  the  too  often  shallow 
performer  a  glow  of  self-complacency,  lead- 
ing him  to  fervently  believe  that  an  engi- 
neering feat  has  really  been  achieved.  But 
if  such  work  constituted  engineering,  the 
schoolmaster  in  the  "Deserted  Village" 
would  be  an  admirable  exponent  of  the 
science. 

The  villag-e  all  confessed  how  much  lie  knew, 
'Twas  certain  he  could  write,  and  cipher  too. 

Another  advantage  offered  by  ironwork 
as  compared  with  masonry,  and  one  to  in- 
dolent or  incompetent  men  peculiarly 
seductive — is  that  of  shirking  responsibility. 
With  iron  girders  the  designer  may  devote 
the  few  minutes  necessary  to  the  conven- 
tional calculations,  specify  iron  of  a  given 
strength,  and  so  rid  himself  lightly  of  any 
further  sense  of  being  responsible.  But  if, 
on  the  other  hand,  his  first  consideration  is 
his  client's  interest,  and  not  his  own  ease, 
he  will  often  be  led  to  discard  ironwork  in 
favor  of  masonry,  and  he  will  find  no  royal 
road  to  learning  in  that  direction,  but  must 
honestly  and  laboriously  qualify  himself  by 
theoretical  and  practical  investigation,  and 
by  comprehensive  analyses  of  works  already 
executed  to  form  a  conrect  estimate  of  the 
capabilities  of  the  masonry  or  brickwork 
with  which  he  may  be  dealing,  and  to  shape 
his  design  accordingly. 

Notwithstanding  the  eclipse  which  con- 
structive masonry  has  suffered  by  the  ad- 
vent of  ironwork,  a  very  important  part  is 
still  reserved  for  brickwork  to  play.  The 
value  of  the  brick  dwellings  and  other 
structures  annually  erected  in  this  country 
far  exceeds  that  of  any  other  similar  class 
of  work,  railway  or  otherwise.  How  trust- 
worthy a  material  brickwork  is,  may  be 
considered  self-evident,  when  it  is  remem- 
bered that  amongst  the  hundreds  of  thou- 
sands of  brick  houses  in  progress  or  in  ex- 
istence, the  fall  of  one  rarely  or  ever  occurs 
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unless  it  be  either  very  old  and  decayed,  or 
young  and  green,  and  this,  notwithstanding 
the  disadvantage  these  structures  labor  under 
in  being  proportioned  as  regards  strength  by 
mere  rule  of  thumb,  or  by  no  rule  at  all. 
Our  architects  have,  in  one  small  respect, 
improved  upon  the  practice  of  their  imme- 
diate predecessors  by  reason  of  the  omission 
in  their  buildings  of  that  potent  agent  of 
destruction — timber  bond.  They  have 
learnt  that  modern  bricks  and  mortar  can 
be  made  to  rival  in  durability  any  material 
that  the  Romans  employed,  and  that  the 
alleged  peculiar  virtues  of  ancient  mortar 
are  mythical,  or  due  solely  to  age.  Good 
bricks  and  mortar,  when  once  in  place,  re- 
quire no  painting  or  further  attention,  and 
instead  of  deteriorating,  like  ironwork, 
brickwork  positively  increases  in  strength, 
to  an  appreciable  extent,  during  the  course 
of  many  years.  In  fact,  so  many  advan- 
tages, as  regards  cost  and  durability,  are 
offered  by  brickwork,  that  the  rush  upon 
ironwork  made  by  the  second-rate  men  of 
the  engineering  and  architectural  profes- 
sions is  much  to  be  regretted,  both  in  the 
interests  of  the  art  of  building  itself,  and  of 
its  patrons'  pockets. 

A  little  knowledge  is  proverbially  dan- 
gerous. It  is  therefore  no  matter  for  sur- 
prise that  so-called  utterly  ignorant  country 
builders  are,  as  a  body,  more  just  to  their 
clients  than  many  pretentious  but  half-in- 
formed professionals.  The  absence  of  classi- 
fied experimental  data  relating  to  the  prop- 
erties of  brickwork  may  be  urged  by  some 
as  a  valid  excuse  for  the  indifference  or  igno- 
rance evidenced  by  the  latter  body,  but  this 
argument  cannot  be  sustained.  Many  ex- 
periments are  not  needed,  for,  if  the  eyes 
be  but  kept  open,  the  thousands  of  houses 
which  are  continually  being  run  up  by 
speculative  builders,  with  their  numerous 
small  but  suggestive  defects,  readily  trace- 
able to  defective  design  or  materials,  or  to 
both  conjoined,  furnish  the  thoughtful  ob- 
server with  data  for  generalization  of  far 
greater  value  than  could  be  obtained  from 
the  most  elaborate  series  of  experiments. 

Looking  broadly  at  the  respective  prac- 
tices of  engineers  and  builders  when  deal- 
ing with  brickwork,  it  may  be  said  that 
engineers,  in  their  calculations,  treat  their 
bricks  as  so  many  Lilliputian  blocks  of 
stone  piled  upon  each  other,  and  kept  in 
place  solely  by  the  action  of  gravity,  whilst 
builders,  on  the  other  hand,  treat  them  as 
so  many  blocks  of  more  or  less  irregular 


shape  firmly  glued  together  into  one  solid 
mass.  Engineers  act  upon  the  latter  theory 
by  compulsion,  when  dealing  with  concrete  ; 
but  the  extensive  use  of  the  latter  material 
in  recent  times  has  not  made  them  a  whit 
less  exacting  in  the  precise  arrangement  of 
the  spiral  courses  of  a  skew  brick  bridge, 
or  in  many  other  farcical  niceties  of  a  simi- 
lar nature. 

The  daily  personal  experience  of  practi- 
cal builders  has  formed  the  basis  of  their 
theory,  and  they  know  the  conditions  to  be 
complied  with  in  order  to  insure  success. 
Brickwork  laid  in  irregular  courses,  arches 
with  theoretically  inadequate  abutments, 
and  concrete  structures  of  any  class,  will 
tumble  down  if  not  sustained  by  extrane- 
ous aid  when  young  and  green,  and  yet  a 
few  days  or  a  few  months  later  they  may 
be  possessed  of  a  surplusage  of  power  to 
undertake  any  duty  which  may  be  imposed 
upon  them.  Builders  know  this  truth,  and 
act  upon  it;  hence  it  is  that  in  so  many 
cases  where  an  engineer  would  introduce 
ironwork,  the  builder  simply  substitutes 
sound  cement  for  his  ordinary  mortar. 

Few  things  can  be  more  instructive  to  an 
earnest  student  of  constructive  art  than  to 
note  the  various  shifts  and  contrivances 
practised  by  a  speculative  builder  in  carry- 
ing out  such  a  work,  for  instance,  as  a  row 
of  shops,  when  conditions  of  a  pecuniary 
nature  necessitate  everything  being  cut 
down  to  the  lowest  margin  of  strength  that 
his  experience  can  justify.  The  whole 
front  of  the  buildings,  for  some  hundreds 
of  feet  perhaps  in  length,  will  be  carried 
upon  a  series  of  light  timber  brestsummers, 
resting  at  each  end  for  a  length  of  -A  in . 
upon  the  party  walls,  and  propped  up  tem- 
porarily at  some  intermediate  point  by  a 
thin  story  post,  which  has  sprung  very  prob- 
ably 2  in.  or  more  at  the  centre,  in  conse- 
quence of  the  excessive  weight  thrown  upon 
it  by  the  green  brickwork.  At  the  corner 
the  building  will  present  the  fearful  and 
wonderful  appearance  of  a  house  built  upon 
a  Brobdignagian  kitcktn  table,  and  only 
prevented  from  plunging  off  the  table  to  its 
own  destruction  by  the  gentle  persuasion  of 
a  couple  of  slight  raking  struts  temporarily 
fixed  at  the  angles.  So  appears  the  row  i  £ 
buildings  for  some  months,  whilst  the  inter- 
nal finishings  are  in  progress,  and  then 
comes  the  time  for  the  striking  of  the  struts 
and  the  setting  up  of  story  posts,  to  be  fol- 
lowed by  the  putting  in  of  shop  fronts  and 
the  general  polishing  up  of  the   exterior, 
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when  the  building  presents  the  appearance 
of  those  to  -which  the  public  are  accustomed, 
into  which  they  enter,  and  in  which  they 
dance  about  without  the  slightest  trepida- 
tion or  suspicion  of  ever  so  small  a  risk. 

Now,  if  this  model  row  of  shops  were 
submitted  for  report  to  an  average  young 
engineer  fresh  froni  King's  College,  he 
would  conclusively  demonstrate  to  his  own 
'  satisfaction  that  the  building  could  never 
stand;  that  the  brestsummers  were  loaded 
nearly  up  to,  or  perhaps  even  beyond,  the 
breaking  weight ;  that  the  bearings  at  the 
ends,  instead  of  being  mere  ledges  of  4  in., 
should  be  broad  and  substantial  bed  plates  ; 
and  that  by  reason  of  the  unequal  strains 
induced  by  the  weight  of  the  entire  front  of 
the  house,  together  with  that  of  the  floors 
and  roof  resting  upon  it,  being  thrown  upon 
the  extreme  verge  of  the  party  walls,  the 
brickwork  at  those  points  would  encounter 
strains  which  it  is  utterly  incapable  success- 
fully to  resist.  The  building  does  not  come 
down,  but  our  young  friend  will  simply  dis- 
claim any  responsibility  for  the  inexcusable 
conduct  of  the  building  in  that  respect,  and, 
proudly  conscious  of  the  immutability  of 
mathematical  laws,  and  of  his  own  profi- 
ciency therein,  will  content  himself  with 
reasserting  his  theorem  that  the  building 
ought  to  fall.  This  conclusion  is,  of  course, 
essentially  indolent  and  unscientific ;  the 
truly  scientific  course  to  adopt  would  be  to 
endeavor,  by  a  process  of  induction,  to  rec- 
oncile the  apparent  discrepancy  between 
theory  and  practice. 


The  elements  of  reconciliation  will  be 
found  in  the  fact  that  brickwork  is  pos- 
sessed of  many  valuable  attributes  which 
are  taken  advantage  of  by  the  builder,  but 
are  ignored  by  the  engineer  in  his  calcula- 
tions, although  not  unfrequently  they  gen- 
erously come  to  his  aid,  and  save  his  credit 
in  cases  where  he  has  hopelessly  blundered 
even  in  the  application  of  his  own  theory. 
The  modern  class  of  builders  have  arrived 
at  their  present  position  by  a  tentative  pro- 
cess. At  one  time,  a  so-termed  brick  house 
consisted  in  reality  of  a  self-sustaining  tim- 
ber framework  filled  in  with  brick  panels, 
and  at  a  more  recent  period  bond  timbers 
were  introduced  wherever  the  fancy  of  the 
architect  dictated.  The  superstition  that 
these  bond  timbers  performed  an  essential 
function  would  appear  to  enjoy  a  flickering 
existence  even  at  the  present  time,  for  in 
one  of  the  most  recent  and  important  addi- 
tions to  railway  works  in  the  metropolis, 
hoop-iron  bond  was  extensively  introduced 
in  almost  every  conceivable  position — for 
instance,  in  courses  parallel  to  the  abut- 
ments throughout  the  entire  length  of  the 
arches,  although  they  might  be  so  long  as 
to  resemble  a  tunnel.  This,  happily,  is  ra- 
ther a  unique  specimen  of  railway  practice, 
but  it  serves  well  to  illustrate  the  direction 
in  which  engineers  commonly  err  in  their 
estimate  of  the  capabilities  of  brickwork. 

The  subject  of  which  we  have  been 
speaking  is  a  most  important  one,  and 
we  intend  to  have  more  to  say  upon  it 
shortly. 


ON  THE  PROTECTION  OF  VESSELS  AGAINST  TORPEDOES* 

From  the  "Journal  of  the  Society  of  Art?." 


The  damage  caused  by  torpedoes  and  guns 
to  the  immersed  portion  of  the  hull  of  a 
man-of-war  is  already  well  known,  and  with 
the  progress  of  artillery  science  this  damage 
will  always  tend  to  increase.  With  the 
present  system  of  construction,  the  whole 
surface  of  the  ship's  body  below  the  water- 
line,  or  rather  below  the  armor-plates,  is 
defenceless,  and  for  this  reason  I  consider 
it  the  duty  of  every  technical  man  to  en- 
deavor to  devise  some  remedy  against  tor- 
pedoes and  submarine  guns. 

*  By  Here  J.  N.  Moerath.  Chief  Engineer,  Austrian  Navy, 
and  Permanent  Member  of  the  Imperial  and  Royal  Shipbuild- 
ing Commission  at  Triesie. 


With  this  view,  I  made  some  trials  on  a 
small  scale  some  years  ago,  and,  subse- 
quently to  these,  trials  on  a  large  scale  took 
place  at  Shoeburyness,  with  cotton  and  cork, 
though  not  with  the  ingredients  hereinafter 
described.  My  paper  to-day  is  intended  as  a 
hint  towards  further  experiments.  For  this 
purpose  I  have  got  out  Fig.  1,  showing  how 
old  ships  may  be  protected,  and  if  a  good 
result  be  obtained,  it  will  be  known  how  to 
protect  good  ones. 

I  have  taken  wood  as  the  building  mate- 
rial, because  I  consider  that  wood  treated 
with  tar  steam  in  an  apparatus  patented  by 
Mr.  T.  Eosthorn,  whereby  the  saturation  is 
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not  merely  superficial,  but  penetrates  into 
the  very  heart  of  the  wood,  will  be  much 
used  in  the  future. 

It  is  known  that  men-of-war  built  of  iron, 
laying  sometimes  several  months  continu- 
ously in  a  harbor  without  being  moved, 
become  weakened  on  account  of  the  gal- 
vanic action  set  up  in  the  large  metallic 
surface  bathed  in  sea-water.  This  weak- 
ness is  very  dangerous  to  iron  ships  as  re- 
gards torpedoes  and  other  shocks  under 
water. 

The  protection  referred  to  consists  of  a 
second  armor,  composed  of  various  sections, 

a,  a,  a,  fixed  with  bolts  to  the  ship's  hull, 
and  constructed  of  tinned  sheet  iron,  riveted 
together  with  angle  irons,  and  filled  in  with 
cork  shavings  and  hydraulic  chalk,  mixed 
with  silicate  of  soda*  (in  German,  wasser- 
glas).  This  filling  gets  dry  in  a  short  time. 
The  greater  carrying  capability  of  such  a 
double-armored  ship  admits  of  strengthen- 
ing the  hull  by  continuing  the  iron  armor, 

b,  b,  b,  by  comparatively  strong  sheet-iron 
plates,  c,  c,  c,  riveted  together,  as  shown  in 
the  diagram.     The  filling  also,  on  account 


of  its  ductility,  decreases  the  destructive 
effects  of  projectiles  or  of  torpedoes,  as  the 
velocity  of  the  projectile  diminishes  in  pass- 
ing through  this  mass,  so  that  it  cannot  act 
with  its  full  power  on  the  iron  armor  plates, 
and  the  ship  is,  of  course,  saved  from  great 
damage,  and  consequently  from  immediate 
sinking,  while  a  possibility  is  afforded  of 
repairing  the  damage  in  the  nearest  harbor. 
The  holes  caused  by  repeated  shots  striking 
this  armor  can  easily  be  repaired,  both  in 
the  ship's  hull  and  in  the  iron  armor  plates, 
and  the  damaged  sections  can  be  replaced 
by  new  ones. 

In  addition  to  the  great  advantage  of  a 
ship's  being  enabled  to  carry  very  heavy 
guns  by  the  adoption  of  this  mode  of  pro- 
tection, there  is  another,  viz.,  that  the  inter- 
nal shape  may  be  any  that  best  accommo- 
dates the  machinery  and  artillery,  while  a 
suitable  external  form  for  a  high  rate  of 
speed  can  be  given  by  the  surface  of  the 
protecting  armor.  In  order  not  to  dimin- 
ish the  ship's  speed,  the  engine  power  must, 
of  course,  be  in  proportion  to  the  increase 
in  the  area  of  the  transverse  section. 


FROM  PIG  TO   PUDDLED   BAR. 

From  "The  Engineer." 


The  mechanician  and  the  chemist  have 
for  many  years  found  in  the  manufacture 
of  iron  an  attractive  subject  for  investiga- 
tion ;  and  their  investigations  have  been 
followed  by  an  almost  unparalleled  number 
of  inventions  for  simplifying,  cheapening, 
or  improving  the  various  processes  by  which 
ore  or  "  mine"  is  converted  into  pig,  and  pig 
into  puddled  bar  or  wrought  iron.  A  very 
large  proportion  of  these  inventions  has 
proved  unsuccessful  in  practice,  and  we 
think  the  reason  is  not  difficult  to  find. 
Simple  as  may  appear  the  processes  of  smelt- 
ing the  ore  or  puddling  the  resulting  pig 
to  those  possessing  but  a  superficial  knowl- 
edge of  the  subject,  it  is  certain  that  these 
operations  are  in  no  small  degree  recondite 
and  complex,  especially  in  the  chemical 
reactions  which  take  place  in  the  blast  and 
the  puddling  furnace.  With  the  former  we 
have  for  the  moment  nothing  to  do,  and  we 
shall  therefore  confine  our  attention  solely 
to  the  process  of  converting  pig  iron  into 
puddled  bar.     With  the  general  features  of 


*  Ransome's  apparatus  for  making  wasserglas.   "Technolo- 
giste,"  1857,  p.  867. 


this  process  every  one  of  our  readers  is  no 
doubt  familiar.  The  iron  must  first  be  melt- 
ed, and  while  melted  it  must  be  exposed 
to  the  action  of  some  agent  which  will  re- 
move the  carbon,  and,  if  possible,  the  phos- 
phorus and  sulphur  with  which  to  a  greater 
or  smaller  extent  nearly  all  brands  of  cast 
iron  are  contaminated.  Practically,  the  only 
available  agent  is  oxygen.  This  easily  lays 
hold  of  the  carbon  in  the  iron  at  high  tempe- 
ratures and  burns  it  out.  The  removal  of 
sulphur  and  phosphorus  is  infinitely  more 
difficult,  because  of  the  remarkable  affinity 
these  elements  possess  for  iron.  It  is  for- 
tunate, that  whereas  we  cannot  have 
wrought  iron  at  all  if  more  than  a  very 
small  percentage  of  carbon  is  present,  we 
can  have  fairly  good  wrought  iron,  useful 
for  many  purposes,  even  though  none  of 
the  phosphorus  or  sulphur  orginally  in  the 
pig  be  eliminated.  It  is  not  too  much  to 
say,  that  if  it  were  as  difficult  to  get  rid  of 
the  carbon  as  it  is  to  get  rid  of  the  other 
two  elements,  we  should  have  little  or  no 
wrought  iron.  The  labor  of  inventors  has 
hitherto  been  devoted  to  two  distinct  objeeta. 
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The  first  is  to  simplify  and  improve  upon 
the  methods  ordinarily  practised  fur  getting 
lid  of  carbon ;  and  the  second  is  to  devise 
means  by  which  the  phosphorus  and  sul- 
phur can  be  disposed  of.  "Under  the  first 
head  may  be  ranked  the  Bessemer  process, 
and  the  various  systems  of  mechanical 
puddling-  which  have  been  invented  and 
tried  with  varying  success.  The  principal 
object  sought  to  be  attained  has  been  to  dis- 
pense with  or  to  lessen  the  labor  of  the 
puddler.  No  process  exists  which  will  give 
as  good  a  result  as  regards  quality  as  the 
old  system  of  puddling  when  carried  out  in 
perfection,  but  the  labor  and  cost  of  the 
process  are  excessive,  and  might  be  reduced 
with  enormous  advantage  to  the  iron  trade  ; 
consequently  we  have  a  distinct  class  of  in- 
ventors, such  as  Menelaus  and  Danks,  all 
working'  to  this  end.  As  regards  the  eli- 
mination of  phosphorus  and  sulphur,  totally 
different  methods  of  manufacture  are  re- 
quired ;  to  remove  carbon  cheaply  and 
quickly,  has  become  the  task  of  the  mechani- 
cal engineer ;  to  eliminate  sulphur,  pkos- 
phorus,  and  silicon  we  must  resort  for  assis- 
tance to  the  chemist.  As  the  affinity  of 
these  hurtful  elements  for  iron  is  too  great 
to  prevent  their  removal  by  oxygen  alone, 
we  must  bring  them  into  contact  with  some 
other  element  which,  under  a  high  tem- 
perature, will  combine  with  and  remove 
them.  Chemists  are  acquainted  with  many 
such  substances.  Among  the  most  impor- 
tant are  the  halogens  : — Chlorine,  fluorine, 
and  bromine.  These,  if  properly  used 
under  the  requisite  conditions,  will  probably 
do  all  we  want  done.  The  principal  diffi- 
culty lies  in  securing  the  conditions.  A 
class  of  inventors  has  been  called  into 
existence  by  this  fact,  whose  entire  exer- 
tions are  devoted  to  devising  the  best  means 
of  utilizing  the  chemical  forces  which  we 
know  are  available  for  the  purification  of 
iron.  Hitherto  these  gentlemen  have  met 
with  very  doubtful  success.  They  are  known 
in  the  iron  trade  as  "  physickers,"  because 
they  introduce  into  the  furnace  what  pud- 
dlers  call  "physick  " — that  is  to  say,  some 
chemical  including  in  its  composition  chlor- 
ine, bromine,  or  iodine.  The  most  recent 
inventions  in  this  direction  come  from  the 
United  States.  Not  long  since  we  gave  in 
detail  the  results  of  experiments  carried  out 
in  our  presence  at  the  works  of  Sir  John 
Brown  and  Co.,  Sheffield,  by  Mr.  Sherman, 
of  New  York ;  and  about  the  same  time  Mr. 
Henderson,  another  American   gentleman, 


was  attracting  a  good  deal  of  attention  by 
another  process  having  the  same  object  in 
view,  but  carried  out  in  a  different  way. 
The  essential  nature  of  the  Sherman  and 
Henderson  processes  is  the  same ;  but 
whereas  Mr.  Sherman  elects  to  use  iodine, 
Mr.  Henderson  has  chosen  fluorine.  Mr. 
Sherman  carries  his  chemical  compounds  in 
his  waistcoat  pocket,  but  Mr.  Henderson 
brings  his  to  the  works  in  casks.  We  shall 
not  further  refer  to  the  Sherman  process. 
Mr.  Henderson,  however,  has  been  for  some 
time  in  England  experimenting  at  various 
works,  and  as  his  process  really  appears  to 
possess  a  good  deal  of  promise  we  shall 
place  our  readers  in  possession  of  the  re- 
sults of  our  own  somewhat  limited  acquain- 
tance with  its  practical  working.  We  be- 
lieve that  we  were  the  first  in  England  to 
give  a  detailed  account  of  Mr.  Henderson's 
views,  and  we  must  refer  such  of  our  read- 
ers as  desire  to  master  the  whole  subject 
to  our  impression  for  Eeb.  17th,  1871.  We 
shall  now  record  the  result  of  two  experi- 
ments made  by  the  courtesy  of  Mr.  Jeavons 
of  the  Millwall  Ironworks,  at  Mill  wall,  on 
Tuesday  last. 

There  is  at  present  but  one  puddling 
furnace  at  the  Millwall  Ironworks — which 
have  come  into  Mr.  Jeavons'  possession 
within  a  comparatively  recent  period — a  new 
forge  being  now  in  course  of  erection.  This 
puddling  furnace  delivers  the  products  of 
eoinbiistion  straight  into  a  lofty  stack,  and 
is  of  very  good  construction,  with  the  ex- 
ception that  the  grate  is  rather  too  large  in 
our  opinion  for  economical  working.  How- 
ever, this,  as  regards  the  make  of  iron,  is  an 
error  on  the  right  side.  When  we  arriv- 
ed, at  about  half-past  11a.  m.,  we  found 
the  furnace  lit  up  and  hot;  the  bottom  was 
of  cinder.  We  cannot  better  describe  the 
experiments  than  in  the  form  of  a  diary. 

At  11.52  a.  m.  the  puddlers  began  to  fettle 
with  ground  hematite ;  when  the  fettling 
was  so  far  complete,  half  a  dozen  shovel- 
fuls of  mill  scale  were  thrown  in.  The 
"physick"  was  then  introduced;  it  con- 
sisted of  152  lbs.  of  ilmenite,  and  56  lbs.  of 
fluor  spar,  ground  to  a  very  fine  powder  and 
intimately  mixed.  As  soon  as  this  powder 
had  been  evenly  distributed  over  the  hearth, 
four  pieces  of  thin  board  were  laid  with  a 
peel  on  the  powder,  and  on  these  the  pig 
iron  was  charged  as  quickly  as  possible. 
The  board  is  intended  to  prevent  the  distur- 
bance of  the  chemical  compound.  The 
charge  consisted  of  4cwt.  of  very  grey,  Car- 
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ron  No.  4,  pig.  The  operation  of  charging 
ended  at  12.14  p.  m.,  when  the  door  was 
closed  and  firing  up  began.  At  1.14  p.  m. 
the  iron — -which  was  not  touched  in  any 
way — was  all  melted.  Up  to  this  time  the 
furnace  had  worked  very  cold,  which  ac- 
counts for  the  delay  in  the  melting,  but 
during  the  rest  of  the  process  there  was 
nothing  to  complain  of  on  this  score.  At 
1.20  a  few  small  pieces  of  pig  remained  un- 
melted,  but  in  the  larger  portion  of  the 
hearth  a  sensible  reaction  had  set  in ;  at  1.32 
the  whole  was  boiling  quietly  ;  at  1.42  the 
iron  had  risen  a  little  ;  at  1.50  it  boiled 
freely;  at  2.14  the  boiling  was  less  rapid  ; 
at  2.47  there  was  no  change ;  at  2.58  all  the 
reaction  appeared  to  be  over,  and  Mr. 
Henderson  reluctantly  resorted  to  the  aid 
of  the  puddler.  As  soon  as  the  iron  was 
stirred  it  rose  rapidly,  and  came  quickly  to 
nature.  But  it  was  discovered  almost  the 
moment  that  the  rabble  was  introduced  that 
a  cake  of  wrought  iron  lay  on  the  bottom 
of  the  furnace,  and  it  was  not  until  3.48, 
after  excessive  trouble,  that  two  small  balls 
were  got  out  and  taken  to  the  hammer.  A 
third  ball  weighing  about  20  lbs.  was  af- 
terwards got  out  with  the  aid  of  a  bar  and 
sledge.  It  will  be  seen  that,  from  the  time 
the  iron  was  melted  till  the  first  balls  were 
drawn,  not  less  than  2  hours  28  minutes 
elapsed.  Ordinarily  the  charge  would  have 
been  all  drawn  in  about  1  hour  40  minutes 
from  the  time  of  putting  in  the  pig.  The 
consumption  of  coal  was,  of  course,  very 
large,  and  the  yield  of  iron  very  low.  The 
balls  worked  well  under  the  hammer  and 
in  the  rolls ;  when  broken  an  examination 
of  the  grain  was  sufficient  to  show  that  Mr. 
Henderson  had  not  made  wrought  iron,  but 
puddled  steel;  so  far  the  process  was  a 
failure.  This  the  inventor  attributed  to  the 
fact  that  the  furnace  had  worked  too  cold. 

At  4.10  p.  m.  the  operation  of  charging 
a  second  heat  commenced.  This  time  Mr. 
Henderson  abandoned  the  use  of  ilmenite, 
which  is  intended  to  carry  off  phosphorus 
as  vapor,  and  used  56  lbs.  fluor  spar 
intimately  mixed  with  56  lbs.  of  old  fire- 
brick ground  to  a  fine  powder.  The  charge 
consisted  as  before  of  4  cwt.  of  Carron  No. 
4  pig.  At  4.15  it  was  all  in  and  the  door 
dropped  ;  at  5.25  it  was  all  melted,  and 
began  to  boil  strongly.  This  condition  re- 
mained unchanged,  the  furnace  working 
excessively  hot — the  damper  being  full 
open,  and  the  firing  vigorous — until  5.55, 
when  the  iron  rose  and  boiled  over   at  the 


puddling  hole,  a  large  proportion  of  the 
cinder  being  thus  wasted.  The  metal  came 
to  nature  immediately,  and  the  operation  of 
balling  commenced.  As  in  the  first  ^ex- 
periment, so  now,  the  operation  was  effected 
with  difficulty,  the  iron  adhering  strongly 
to  the  bottom  of  the  furnace;  so  strongly, 
indeed,  that  to  get  out  the  last  of  it  a  sledge 
and  bar  was  needed,  and  the  furnace  was 
not  finally  cleared  and  the  cinder  tapped  off 
till  6.46.  The  two  balls  got  out  worked 
fairly,  under  the  hammer,  but  they  required 
much  management.  Mr.  Jeavons  could  not 
roll  them  off  that  night,  but  they  were  roll- 
ed off  on  Wednesday,  we  believe,  and 
samples  will  be  sent  to  Mr.  Kirkaldy  to  be 
tested. 

For  the  present  we  prefer  to  make  little 
or  no  comment  on  the  Henderson  process. 
Its  inventor  has  proved  that  in  the  ordinary 
puddling  furnace  he  can  make  middled  steel 
without  the  aid  of  the  rabble  ;  but  it  is  cer- 
tain that  in  our  presence  he  achieved 
none  of  the  remarkable  results  we  were 
promised  by  some  of  our  contemporaries. 
Et  is  evident,  however,  that  Mr.  Henderson 
would  have  done  very  much  better  if  he  had 
permitted  a  moderate  use  of  the  rabble, 
which  would  have  prevented  the  caking  of 
the  iron  and  reduced  the  time  of  working. 
We  hope  to  have  an  analysis  of  the  iron 
produced,  in  a  short  time,  when  we  shall 
probably  return  to  the  subject. 

Leaving  now  the  chemical  processes,  let 
us  turn  for  a  moment  to  the  mechanical. 
About  Mr.  Danks,  and  about  the  host  of 
rivals  or  imitators  who  have  started  up 
since  he  achieved  success,  it  is  unnecessary 
to  speak.  Our  readers  have  been  kept  au 
fait  with  every  phase  of  the  rotary  puddling 
furnace.  In  another  page  will  be  found  a 
paper  read  on  Wednesday  evening  before 
the  Society  of  Arts  which  deserves  more 
than  passing  attention.  Mr.  Jeavons,  in  a 
spirit  which  deserves  all  praise,  has  afforded 
M.  Dormoy  an  opportunity  of  showing  his 
rotary  rabble  in  action  in  this  country,  and 
we  can  assure  ironmasters  that  it  is  worth 
a  trip  even  from  the  North  to  London  to  see 
a  charge  puddled  by  its  aid.  AVe  published 
an  account  of  this  invention  in  a  recent  im- 
pression, and  we  confess  without  hesitation 
that  we  then  set  it  down  rather  as  a  me- 
chanical curiosity  than  as  being  an  invention 
likely  to  play  an  important  part  in  the  iron 
trade  of  this  or  any  other  country.  We 
found  that  the  puddling  furnace  used  by 
Mr.  Henderson  at  Millwall  was  fitted  up 
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with  the  requisite  tackle,  and  we  learned  in 
the  course  of  the  afternoon  that  M.  Dormoy 
proposed  to  puddle  a  charge  to  ascertain  if 
the  %  mechanism  was  in  order.  This  trial 
was  in  no  way  intended  to  show  the  merits 
of  the  process,  but  simply  to  test  the  tackle. 
M.  Dormoy,  however,  very  courteously 
granted  us  permission  to  be  present  at  what 
was  strictly  a  private  trial,  and  even  to  speak 
of  it  as  we  thought  fit.  The  furnace  was 
fettled  in  the  visual  way  with  ground  hema- 
tite and  mill  scale,  and  was  charged  with  4 
cwt.  of  remelted  pig  made  from  scrap  on 
the  works,  and  not  very  good.  To  improve 
the  quality  of  the  iron  an  old  casting  of 
very  good  grey  iron,  weighing  about  60  lbs., 
was  thrown  in  at  the  last  moment  before 
the  door  was  closed  at  7.15.  At  7.55  the 
iron  was  all  melted  ;  at  8.3  it  commenced 
boiling,  and  at  8.5  the  rotary  rabble  was 
introduced.  Then  might  be  witnessed  a 
scene  absolutely  without  parallel  in  the  iron 
trade.  An  elderly  gentleman,  in  an  over- 
coat and  spectacles,  proceeded  to  puddle  a 
heavy  charge  of  iron ;  and  he  did  it  too, 
part  of  the  time,  with  one  hand.  The  tool 
revolves  at  about  200  revolutions  per  minute, 
and  there  can  be  no  mistake  about  its  action 
on  the  iron.  If  it  were  possible  for  ten  strong 
puddlers  to  introduce  ten  rabbles  at  once, 
and  to  work  a  charge  altogether,  they  could 
not  produce  the  same  result.  The  rabble 
resting  on  the  bottom  careers  all  about  the 
hearth,  a  turn  of  the  wrist  directing  it  hither 


and  thither.  The  centrifugal  force  of  the 
rotation  keeps  the  rabble  perfectly  clear,  of 
scale,  while  the  thorough  action  of  the  tool 
could  not  be  better  exemplified  than  by  the 
little  flakes  of  iron  come  to  nature  thrown  up 
from  the  cinder  bath  and  falling  back 
again  like  snow.  At  8.15  the  round  rabble 
was  withdrawn,  the  iron  having  been 
brought  to  nature,  and  the  screw  rabble 
was  inserted  and  worked  for  4  min.,  when 
it  was  taken  out.  The  strap  connecting  the 
little  donkey  engine  which  drove  the  appa- 
ratus, with  a  rigger,  had  stretched  so  much 
that  it  slipped ;  this  did  not  occur,  however, 
until  the  work  was  all  but  complete,  and 
the  first  ball  was  taken  out  at  8.32,  while 
the  last  was  removed  at  8.47.  The  entire 
operation  had  thus  lasted  but  1  hour  32  min., 
while  the  yield  of  the  iron  was  evidently 
very  large.  The  balls  worked  under  the 
hammer  in  a  way  which  left  nothing  to  be 
desired.  We  may  conclude  this  article  in 
the  words  of  a  puddler  standing  by  and 
speaking  to  a  mate  :  "  I'm  blowed,  Bill,  but 
that's  what  we  chaps  has  been  wanting  all 
along."  We  suspect  the  masters  will  want 
M.  Dormoy' s  invention  quite  as  much  as 
the  men.  We  may  state  that  among  the 
gentlemen  present  during  the  day  were  Mr. 
Jeavons,  Dr.  Noad,  Mr.  Kirkaldy,  Mr. 
Wright,  M.  Dormoy,  M.  Dudley,  Mr.  Pa- 
get, Mr.  Halpin,  Mr.  Norris,  and  several 
others  interested  in  the  progress  of  the  iron 
trade. 


ECONOMICAL   MARINE  ENGINES. 

"  From  The  Engineer." 


The  moment  we  attempt  to  deal  with  the 
economy  of  fuel  in  marine  engines  we 
encounter  the  question — "  Shall  we  use 
compound  or  non-compound  engines  ?  "We 
are  unfortunately  but  too  well  aware  that 
a  single  sentence  written  against  compound 
engines  influences  certain  of  our  readers  as 
a  read  flag  does  a  bull  in.  a  Spanish  arena  ; 
but  this  fact  is  not  sufficiently  important  in 
its  results  to  induce  us  to  refrain  from  allud- 
ing to  a  subject  of  considerable  interest  to 
all  users  of  steam  power.  We  are  alway 
desirous  of  acquiring  and  communicating  to 
our  readers  every  scrap  of  reliable  infor- 
mation that  can  be  obtained  concerning 
economical  steam  engines,  whether  com- 
pound or  not ;  and  we  find  in  the  minutes 
of  evidence  given  before  the  Committee  on 


Designs  for  Ships  of  War  an  important  con- 
tribution to  the  literature  of  the  subject 
which  we  cannot  suffer  to  pass  unnoticed. 
At  the  risk,  therefore  of  encountering  a  very 
sharp  and  angry  criticism,  we  shall  proceed 
not  only  to  reproduce  the  gist  of  the  evi- 
dence bearing  on  economy  of  steam  in  our 
navy,  but  to  deduce  such  conclusions  from 
it  as  appear  to  us  to  be  justified  by  facts. 

The  evidence  may  be  classed  under  three 
heads  : — We  have  first  a  paper — Appendix 
C — by  Professor  Rankin e,  entitled,  "Re- 
marks on  Economy  of  Power  in  Compound 
Marine  Engines ;  "  we  have,  secondly,  the 
evidence  of  Mr.  J.  Wright,  Admiralty  Su- 
perintendent of  Machinery ;  and,  thirdly, 
notes  from  Messrs.  Eavenhill,  Hodgson,  and 
Co.,    T.   and   J.    Eennie,    Laird   Brothers, 
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Humphreys  &  Tennant,  Napier  &  Sons, 
and  John  Elder  &  Co.  These  notes  con- 
vey very  little  information  which  is  not  al- 
ready public  property;  we  need,  therefore, 
refer  but  slightly  to  them.  Professor  Ean- 
kine's  paper  and  Mr.  Wright's  evidence 
deserve  much  attention,  and  we  propose  to 
consider  both  at  some  length.  Professor 
Eankine  may  be  regarded  as  representing 
the  theory  of  the  subject ;  Mr.  Wright  deals 
with  practical  questions  only. 

Two  special  advantages  are  claimed  for 
the  compound  engine.  The  first  is,  that  it 
equalizes  the  strains  on  the  crank  shaft, 
and  consequently  permits  high-pressure 
steam  to  be  used  at  sea  with  measures  of 
expansion  which  are  not  available  in  non- 
compound  engines.  The  second  advantage 
claimed  is,  that  in  compound  engines  the 
second  cylinder  acts  the  part  of  a  "  heat 
trap  "  between  the  condenser  and  the  high- 
pressure  cylinder,  and  by  reducing  the 
frigorific  influence  of  the  condenser,  con- 
duces to  economy  of  fuel.  We  are  not 
aware  of  any  other  advantages  usually  claim- 
ed by  theorists  for  the  compound  engine 
but  these  two,  although  there  is  a  third  of 
far  more  importance  in  the  eyes  of  many 
practical  men,  to  which  we  shall  refer  by 
and  by,  while,  as  will  be  seen  presently, 
Professor  Eankine  claims  yet  another  advan- 
tage, about  which  we  shall  have  a  good  deal 
to  say.  Professor  Pankine  begins  his  paper 
by  a  very  lucid  and  concise  explanation  of 
the  action  of  steam  in  a  steam  engine,  laying 
down  the  law  that  the  great  object  to  be 
sought  in  designing  economical  engines  is. 
to  get  the  greatest  possible  quantity  of 
work  out  of  a  given  weight  of  steam,  and 
he  explains  very  clearly  how  this  is  to  be 
done.  Having  dealt  with  the  whole  ques- 
tion of  jacketing  and  expansion  in  theory, 
he  next  proceeds  to  deal  with  the  use  of  ex- 
pansion in  practice,  and  so  leads  us  up  to 
the  compound  engine.  Now,  we  think  it  is 
fair  to  assume  that  a  paper  such  as  this, 
being  nearly,  if  not  quite,  Professor  Pan- 
kine's  latest  utterance  on  the  subject  of 
steam  engine  economy,  embodies  the  most 
recent  conclusions  at  which  he  has  arrived 
on  the  subject.  Of  course,  we  may  be  mis- 
taken on  this  point,  but  until  we  receive  a 
substantial  correction  from  its  author  we 
will  regard  this  paper  as  containing  in  a 
very  small  compass  the  best  arguments  that 
can  be  urged  by  Professor  Pankine  in  favor 
of  the  compound  system,  which  it  is  well 
known  he  advocates.     This  much  premised, 


our  readers  will  be  the  better  able  to  appre- 
ciate  the  importance  of  the  fact  that  our 
author  says  not  a  single  word  concerning 
the  value  of  the  second  cylinder  as  a  heat 
trap ;  and  this  is  the  more  remarkable,  be- 
cause   he    handles    the   whole    question  of 
cylinder  condensation  in  a  masterly  fashion. 
So  far  is  he  from  endorsing  the  "  heat  trap" 
theory,  indeed,  that  we  find  the  following 
definite    statement  laid  down :     "So   far," 
writes  Professor  Pankine,  "  as  the  theoreti- 
cal action  of  the   steam   on  the   piston   is 
concerned,  it  is  immaterial  whether  the  ex- 
pansion takes   place  in  one  cylinder   or  in 
two  or  more  separate  cylinders."      He  then 
proceeds  to  explain  in  what  the  advantage 
of  the  compound  engine  really  lies,  in  the 
following    words :      "  The    advantage      of 
employing    the   compound   engine   is   con- 
nected with  those   causes  which  make  the 
actual  indicated  work  of  steam  fall  short  of 
its  theoretical   amount ;  and  also  with  the 
strength  of  the  engine  and  its  framing,  the 
steadiness  of  its  action,  and  the  friction  of 
its  mechanism."  We  can  bring  forward  fur- 
ther evidence  that  Professor  Pankine  aban- 
dons, or  ostensibly  abandons,  the  heat  trap 
theory,  in  the  fact  that  in  a  very  pleasing 
little  memoir  of  the   late  Mr.  John  Elder,* 
which  we  commend  to  the  attention  of  our 
readers,    a  theory  of  the  steam  engine   is 
given   in   many  places  identical  with  that 
now  under  consideration,  and  in  it  we  have 
searched  in  vain  for  the  most  distant  allu- 
sion to  the  heat  trap  theory.  Whether  these 
things   are    considered  to   prove   much   or 
little,  will   depend  on   the   importance    at- 
tached to  the  utterances  of  Professor  Ean- 
kine.    We  venture  to  regard  his  silence  on 
the  subject  as   an  efficient  endorsement  of 
the  views  we  have  repeatedly  expressed,  to 
the  effect  that  the  heat  trap  theory  has  no 
basis  whatever  in  fact,  and  that  the  presence 
of  a  second  cylinder  can  do  no  more  to  inter- 
cept the  influence  of  the  condenser  than  a 
long  exhaust  pipe  could.  In  "TheEngineer" 
for  July  the    8th,  1870,   we  considered  the 
whole    question    at    considerable    length, 
and  gave  then   a  numerical  statement   of 
the  temperatures  obtaining  in  each  cylinder 
of  a  compound  engine,    and   of  the  whole 
range  of  temperature  in   a  non-compound 
engine,  using  the  same  measure  of  expan- 
sion.    That  statement  was  based  on  such  a 
pressure  as  has  been  very  seldom,  if  ever, 
used  at  sea,  and  it  may  be  worth  while  to 

"  A  Memoir  of  John  Elder."  by  W.  J.    Maoquoru  Kaukine. 
Blackwood  aud  Sous,  Edinburgh  and  Louduu,  1>T1. 
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reproduce  it  in  a  somewhat  diflei en t  form, 
corrected  for  those  pressures  and  measures 

of  expansion  which  are  now  most  generally 
employed  by  builders  of  compound  engines 
for  our  mercantile  marine.  From  data 
lying  before  us,  we  know  that  a  safety 
valve  load  of  70  lbs.  on  the  square  inch  and 
a  total  expansion  of  nine  times  may  be 
accepted  as  the  maximum  limit  of  success- 
ful general  practice    in  compound  engines. 


In  ordinary  work,  60  lbs.    steam  expanded 
five  times  is  more  frequently  used   by  far. 
Now  we  shall  not  be  far  wrong  if  we  assume 
that  the  expansion  is   equally    divided    be- 
tween the  two  cylinders,   that  is  to  say,  it 
will  be  expanded  three  times  in  the  small 
\  and  three  times  in  the  large  cylinder,    or 
j  nine  times  in  all.     The  accompanying  table 
!  shows    the    various     temperatures     at     a 
'•o-lance: — 


Initial  pressure. 

Initial 
temperature. 

First 
terminal 

pressure. 

First 

terminal 

temperature 

Second 
terminal 
piessure. 

: Second 

terminal 

temperature. 

Total 

range  of 

temperature. 

Small  CVlind.sk  : 

depr. 

316 

247 
316 

lbs. 

28.3 

9.44 
9.44 

de<*. 

247 

191 
191 

lbs. 

9  44 

3 
3 

de<2;. 
191 

141.6 

141.6 

dea:. 
125 

Largs  Cvlinler  : 
28  3 

105.4 

Single  Cyi.indsr  Engine  : 
85     

174.4 

From  this  it  will  be  seen  that  the  total 
range  of  temperature  in  the  small  cylinder 
is  125  cleg.,  while  that  in  the  single  cylin- 
der of  the  non-compound  engine  is  174.4 
deg.,  the  difference  in  favor  of  the  small 
cylinder  of  the  compound  engine  amounting 
to  49.4  deg.  But  it  is  to  be  borne  in  mind 
that  the  steam,  in  doing  work  in  the  low- 
pressure  cylinder,  has  to  undergo  a  second 
cooling,  the  range  of  temperature  being  in 
the  large  cylinder  105.4  deg.  To  all  in- 
tents and  purposes  we  may  regard  the  steam 
as  being  worked  in  two  distinct  engines.  If 
the  cylinders  be  unjacketed,  a  certain 
amount  of  condensation  proper  to  the  differ- 
ence in  temperature  between  the  metal  and 
the  steam,  and  to  the  weight  of  metal  heat- 
ed, will  take  place.  Only  so  much  steam 
can  be  discharged  into  the  second  cylinder 
as  is  left  after  this  condensation  and  that 
due  to  the  performance  of  work  has  taken 
place.  In  the  second  cylinder  we  have  a 
second  and  totally  distinct  condensation ; 
and,  arguing  in  one  way,  and  from  one 
point  of  view,  it  would  be  quite  fair  to  as- 
sume that  the  range  of  temperature  in  the 
compound  engine  is  represented  by  the  sum 
of  the  ranges  in  the  two  cylinders,  or  in  the 
case  we  have  cited  by  230.4  deg.  We  shall 
not  accept  this  proposition,  however,  because 
it  does  not  accurately  represent  the  theory  of 
the  influence  of  the  cooling  action  of  the 
exhaust  from  cylinder  to  cylinder,  or  from 
cylinder  to  condenser.    But  we  wish  to  point 


out,  first,  that  the  large  cylinder  alone  of 
the  compound  engine  is  larger,  weighs 
more,  and  presents  a  greater  cooling  sur- 
face to  the  incoming  steam  than  the 
single  cylinder  of  the  non-compound  en- 
gine ;  and  this  fact,  by  itself,  would  be 
enough  to  blow  the  whole  heat  trap  theory 
to  the  winds  as  an  exploded  delusion ; 
but  even  this  argument  need  not  be 
weighed.  All  compound  engines  made  in 
the  present  day  have  jacketed  cylinders  ; 
and  the  fact  is  that,  with  jackets,  the  range 
of  temperature  in  the  metal  of  the  cylinder 
is  extremely  small,  and,  as  a  consequence, 
no  heat  trap  is  wanted.  It  may  be  urged 
that  we  simply  transfer  the  waste  from  the 
working  steam  to  that  in  the  jacket ;  but 
this  is  not  strictly  true.  When  the  cylin- 
der or  cylinders  are  without  jackets  the 
working  steam  becomes  extremely  damp, 
and  in  that  condition  acts  as  an  admirable 
conductor  of  heat ;  but  this  is  not  the  case 
when  jackets  are  used,  the  steam  being  then 
too  dry  to  carry  off  much  heat.  It  may  be 
accepted  as  an  axiom,  that  when  an  engine 
is  fitted  with  proper  jackets  it  is  a  matter 
of  no  importance  whatever  whether  it  is  or 
is  not  compounded,  so  far  as  the  prevention 
of  cylinder  condensation  is  concerned.  Of 
the  two,  the  balance  of  advantage  will  be  in 
favor  of  the  non-compound  engine,  because 
a  smaller  weight  of  metal  will  be  exposed  to 
the  influence  of  the  exhaust  in  it  than  can 
be  the  case  in  a  compound  engine  of  the 
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same  power.  Whether  Professor  Pankine 
does  or  does  not  accept  our  opinions  as  cor- 
rect so  far,  and  argue  as  we  have  argued, 
we  are  unable  to  say.  Here,  at  all  events, 
is  the  fact,  that  neither  in  the  "  Evidence 
Appendix  "  nor  in  his  memoir  of  Mr.  Elder 
does  he  make  the  least  allusion  to  the  use 
of  the  second  cylinder  as  a  heat  trap.  He 
does,  however,  as  we  have  stated,  claim  a 
very  important  advantage  for  the  compound 
engine,  of  which  very  little  has  been  heard 
till  recently,  and  what  this  advantage  is  we 
shall  now  proceed  to  consider. 

We  have  shown  that  Professor  Eankine 
states  definitely  that  theoretically  it  is  a 
matter  of  no  consequence  whether  steam  is 
expanded  in  one  cylinder  or  in  several 
cylinders,  and  that  he  makes  no  allusion 
either  in  the  paper  under  consideration,  or 
in  his  memoir  of  Mr.  John  Elder,  to  the 
heat  trap  action  of  the  low-pressure  cylin- 
der, for  which  so  much  was  claimed  before 
the  true  theory  of  the  steam  jacket  was 
fully  understood.  Apparently  abandoning 
nearly  all  other  grounds  for  his  advocacy  of 
the  compound  system,  Professor  Pankine 
now  boldly  comes  forward  with  the  state- 
ment that  its  true  value  is  to  be  found  in 
the  fact  that  the  compound  engine,  properly 
constructed,  has  less  friction  than  any  other 
form  of  steam  engine  habitually  used  ;  and 
he  goes  on  to  explain  the  grounds  of  this 
belief  at  great  length.  We  have  the  utmost 
possible  respect  for  Professor  Pankine' s 
sc!enJ,iac  attainments,  yet  we  confess  that, 
holding  the  opinions  we  do,  we  have  no 
other  course  open  to  us  than  to  join  issue 
with  him  at  this  point,  and  dispute  the  ac- 
curacy of  his  deductions  ;  and  here  we  must, 
to  avoid  all  chance  of  conveying  an  er- 
roneous impression,  quote  our  author's  own 
words : — 

"  A  subject  which  at  one  time  was  almost 
wholly  neglected,  and  which  even  now  does 
not  always  meet  with  the  attention  that  it 
deserves,  is,  the  diminution  of  the  friction 
of  the  engine,  by  causing  the  forces  which 
drive  the  shaft  round  to  balance  and  neu- 
tralize as  far  as  possible  each  other's  actions 
on  the  bearings  where  the  friction  takes 
place.  As  an  elementary  illustration 
of  this  subject  :  suppose  that  a  shaft 
is  made  to  rotate  by  means  of  a  single 
force  applied  to  a  single  crank  pin.  The 
whole  of  that  force  will  be  transmitted  to 
the  bearings,  and  will  there  produce  a  pres- 
sure which  will  cause  a  certain  amount  of 
friction  in  addition  to  that  produced  by  the 


weight  of  the  shaft.  But  if  we  now  divide 
the  force  required  to  drive  the  shaft  into 
two  equal  forces,  each  of  half  the  amount, 
and  apply  them  in  opposite  directions  to  a 
pair  of  cranks  exactly  opposite  to  each 
other,  those  two  driving  forces  will  balance 
with  each  other  as  regards  pressure  on 
the  bearings,  and  the  friction  will  be  that 
due  to  the  weight  of  the  shaft  alone.  It  is 
impossible  in  practice  to  realize  this  balanco 
of  driving  forces  with  absolute  precision  ;  but 
an  approach  to  it  can  always  be  made.  One 
of  the  most  important  advantages  of  com- 
pound cylinder  engines  with  opposite  cranks 
is  their  enabling  that  balance  of  driving 
driving  forces  to  be  approximately  realized  ; 
and  that  advantage  had  been  neglected,  or 
very  imperfectly  developed,  before  Messrs. 
Randolph  and  Elder  constructed  their  ma- 
rine engines,  which  in  this  respect  were  a 
great  improvement  upon  all  compound  en- 
gines previously  invented." 

Now  we  have  no  intention  of  disputing 
that  in  this  statement  there  is  a  large  pro- 
portion of  truth,  but  a  glance  will  show 
that  it  does  not  contain  a  complete  state- 
ment of  the  case.  In  the  first  place,  it  is 
not  necessary  to  seeure  the  required  diminu- 
tion of  frictional  resistance  that  we  should 
use  compound  engines.  The  proposition 
applies  to  any  form  of  multi-cylinder  en- 
gine in  which  the  forces  are  made  to  act  si- 
multaneously at  opposite  sides  of  the  crank 
shaft ;  but  this  is  not  a'l :  tie  fraction  of 
an  engine  is  not  all  concentrated  in  the 
crank  shaft  bearings.  Whatever  the  num- 
ber of  cylinders  used,  the  sum  of  the  fric- 
tion of  the  crank  pins  in  the  big  ends  of  the 
connecting  rods  must  be  the  same  in  theory, 
while  in  jra^tice  it  is  certain  to  augment 
slightly  with,  each  increase  in  the  number 
of  bearings.  As  regards  the  friction  of  the 
crossheads  in  the  guide  bars,  precisely  the 
same  truth  applies  ;  when  we  come,  how- 
ever, to  deal  with  the  frictional  resistance 
of  all  packed  joints,  such  as  those  of  stuff- 
ing-boxes, pistons,  etc.,  we  find  that  there 
is  a  considerable  increase  of  friction  caused 
by  multiplying  the  number  of  cylinders.  In 
ships,  again,  it  is  certain  that  the  thrust  of 
the  shaft  will  be  the  same,  other  things  be- 
ing equal,  whether  we  use  one  cylinder  or 
half-a-dozen  ;  and  it  follows  as  a  conse- 
quence that  the  only  saving  of  friction  to  be 
had  from  balancing  the  strains  must  be  re- 
ferred to  the  crank-shaft  bearings,  and  to 
them  alone  ;  and  we  venture  to  hold  that 
in  a  six-cylindered  engine  the  friction  proper 
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to  the  additional  pistons,  joints,  etc.,  must 
be  greater  than  any  saving  effected  as  re- 
gards the  crank-shaft  bearings.  Builders 
of  racing  portable  engines  have  exhausted 
every  known  scheme  for  reducing  friction. 
but  we  do  not  think  there  is  a  builder  in 
the  kingdom  who  would  use  two  cylinders 
working  on  opposite  cranks  with  a  view  to 
reduce  friction  still  further.  Professor  Ban- 
kine,  however,  does  not  content  himself 
with  theories,  he  brings  forward  facts.  To 
prove  that  his  arguments  are  sound,  he  re- 
counts and  considers  at  much  length  the 
results  obtained  from  the  competitive  trial 
of  H.  M.  S.  Arethusa,  Octavia,  and  Con- 
stance, the  first  fitted  with  trunk  engines  by 
Penn,  the  second  with  three-cylinder  en- 
gines by  Maudslay,  and  the  last  with  six- 
cylinder  engines  by  Elder.  It  so  happens 
that  nothing  is  better  known  to  naval  en- 
gineers than  the  fact  that  the  race  of  these 
ships  to  Funchal  in  September  and  October 
proved  little  or  nothing.  However,  our  au- 
thor gives  figures  from  which  he  deduces 
that  "  at  the  same  speed  the  Octavia  would 
require  27  per  cent,  more  indicated  power 
than  the  Constance,  or  the  Constance  21  per 
cent,  less  power  than  the  Octavia."  The  Con- 
stance was  driven  at  8.8  knots  per  hour  by 
1,747  indicated  horse-power,  while  the  Oc- 
tavia was  driven  at  7.52  knots  by  1,400  in- 
dicated horse-power,  and  the  proportionate 
efficiency  of  mechanism  is  given  by  our  au- 
thor as  100  :  127,  or  as  79  :  100.  He,  hav- 
ing stated  thus  much,  goes  on  to  use  the 
following  remarkable  words  :  "  The  supe- 
rior economy  of  fuel  as  compared  with  in- 
dicated power  in  the  Constance  is  of  course 
to  be  accounted  for  by  a  higher  initial  pres- 
sure and  a  greater  rate  of  expansion  than 
those  used  in  the  other  vessels,  combined, 
possibly,  with  better  jacketing  and  greater 
superheating.  But  the  superiority  of  the 
Constance  over  the  Octavia  in  efficiency  of 
mechanism — in  other  words,  in  economy  of 
indicated  power,  as  compared  with  effective 
power — can  be  accounted  for  only  by  the 
comparative  smallness  of  the  friction  in  the 
engines  of  the  Constance  ;  and  when  it  is 
considered  that  the  engines  of  the  Octavia 
were  of  good  design,  and  of  the  best  pos- 
sible workmanship,  the  comparative  small- 
ness of  the  friction  in  the  Constance  must 
be  ascribed  mainly,  if  not  wholly,  to  the 
balance  of  driving  forces — the  x'esult  of  the 
arrangement  of  opposite  cranks  in  Mr.  El- 
der's three-cylindered  compound  engines." 
Let  us  put  this  statement  in  another  form. 


We  have  seen  that  the  only  advantage  as 
regards  reduction  of  friction  proper  to  the 
Elder  system  concerns  the  crank-shaft,  and 
it  alone.  Now,  if  the  Octavia  required  27 
per  cent,  more  power  to  drive  her  at  a  cer- 
tain speed  than  the  Constance  did,  it  is  evi- 
dent, from  what  has  gone  before,  that  this 
27  per  cent,  must  have  been  needed  to  over- 
come the  friction  of  the  crank-shaft  in  its 
bearings,  if  we  suppose  that  the  crank-shaft 
of  the  Constance  revolved  without  friction. 
Let  the  fixed  speed  be  8.8  knots.  The  Con- 
stance required  1,747  indicated  horse- 
power to  attain  this  speed ;  the  Octavia 
would  require  27  per  cent,  additional,  or  470 
-[-1,747=2,218  horse-power;  and  of  this 
no  less  than  470  indicated  horse-power — or, 
say,  21  per  cent,  of  the  entire  power  devel- 
oped— would  be  expended  simply  in  over- 
coming the  friction  of  the  crank-shaft  in  its 
bearings.  Be  it  remembered,  however,  that 
the  Octavia  had  three  cylinder  engines,  with 
the  cranks  disposed  at  angles  of  120  (Leg. 
The  forces  must,  therefore,  have  been  very 
nearly  as  well-balanced  as  in  the  case  of  the 
Constance.  Under  the  circumstances,  we 
find  it  extremely  difficult  to  accept  Professor 
Bankine's  conclusions,  in  the  light  of  our 
present  stock  of  information  on  this  point, 
as  being  accurate.  Even,  however,  though 
all  his  arguments  in  favor  of  the  double 
three-cylindered  engines  were  perfectly  con- 
clusive, it  is  evident  that  they  would  apply 
equally  well  to  non-compound  engines. 

We  have  now  to  deal  with  Mr.  James 
Wright's  evidence.  The  minutes  of  this 
evidence  occupy  5|  large  pages  of  close 
print,  but  we  find  that  the  questions  of  the 
committee  take  up  more  space  than  Mr. 
Wright's  answers.  We  rise  from  the  peru- 
sal of  these  minutes  with  the  impression 
that  Mr.  Wright  is  an  extremely  cautious 
witness,  who  takes  special  care  not  to  make 
a  statement  unless  he  is  perfectly  sure  of 
his  ground ;  and  we  attach  the  more  value 
to  what  he  has  said,  as  a  consequence.  Mr. 
Wright  does  not  halt  between  two  opinions  ; 
he  believes  in  the  compound  engine,  and  he 
advocates  its  adoption  in  the  navy.  But 
the  moment  we  proceed  to  sift  the  reasons 
why  he  advocates  it,  we  come  across  the 
fact  that  he  has  really  little  or  nothing  to 
say  in  its  favor ;  on  the  contrary,  nearly  all 
the  evidence  that  he  adduces  concerning  the 
results  obtained,  so  far,  from  compound 
engines  in  the  navy,  is  damaging  to  his 
cause.  The  second  question  put  to  him  runs 
i  thus  :  "  Have  you  had  any  experience  of  the 
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relative  conomy  of  compound  engines  and 
simple  engines  at  sea  ?" .  To  which  he  re- 
plied :  "  Our  experience  is  not  very  definite 
upon  that  point.  We  have  been  making 
some  experiments  lately  with  compound 
engines,  but  we  have  not  very  distinct  ex- 
periments with  the  other  engines  with  which 
to  compare  them."  Then  follows  a  series 
of  questions  and  answers  concerning  the 
engines  of  the  Sirius,  Briton,  and  Tenedos, 
which  contains  nothing  worth  notice  except 
that  the  lowest  coal  consumption  realized 
appears  to  have  been  about  2  lbs.  per  indi- 
cated horse  power.  Asked  as  to  the  com- 
parative weights  of  compound  and  non- 
compound  engines  of  the  same  power,  Mr. 
Wright  replied  that  the  weight  of  the 
compound  engine  was  from  5  per  cent,  to 
10  per  cent,  greater  than  that  of  the  simple 
engine.  He  was  then  questioned  as  to  the 
probable  durability  of  the  compound  engine, 
and  replied  that  as  far  as  his  experience 
went  it  was  not  favorable  in  this  respect  to 
the  durability  of  engines  on  the  system 
working  at  30  lbs.  on  sq.  in.,  and  he  cited 
the  engines  of  the  Crocodile  and  Serapis 
troopships  as  an  example.  We  have  al- 
ready told  our  readers  that  as  a  conse- 
quence of  the  incessant  failures  of  the  com- 
pound engines  in  these  ships  they  were 
taken  out  altogether,  and  replaced  with  new 
engines  of  simple  type.  We  now  come  to 
a  rather  important  question  and  answer. 
We  have  all  along  urged  that  the  economy 
of  fuel  said  to  be  proper  to  the  compound 
system,  and  to  it  alone,  was  really  due  to  the 
fact  that  compound  engines  used  steam  of 
much  higher  pressure  than  the  simple  en- 
gines with  which  they  were  compared.  If 
a  compound  engine  is  more  economical  than 
a  non-compound  engine  at  one  pressure  it 
ought  to  be  so  at  all,  so  long  as  the  rates  of 
expansion  remain  the  same.  Now  the 
compound  engines  of  the  Crocodile  and  the 
Serapis  gave  certain  results  as  regards 
economy  with  30  lbs.  steam,  and  these  re- 
sults ought  to  have  been  better,  if  there  is 
anything  in  the  compound  system  as  regards 
economy  of  fuel,  than  those  obtained  from 
the  non-compound  engines  by  which  they 
were  replaced.  Mr.  Wright,  being  asked 
if  the  new  engines  were  "  not  compound," 
says  :  "  No  ;  I  may  say,  so  far  as  we  can  see 
from  the  records  kept  on  the  ordinary  pas- 
sages, that  there  is  very  little  difference  in 
the  economy  now  and  before  in  the  Serapis 
and  Crocodile."  This  we  submit  is  a  direct 
confirmation  of  the  truth  of  our  arguments, 


and  Mr.  Wright,  although  he  advocates  the 
use  of  compound  engines,  is,  we  are  happy 
to  see,  at  one  with  us  on  this  point.  He 
next  estimates  that  a  saving  of  20  per  cent, 
in  fuel  over  the  best  existing  engines  of  the 
ordinary  type  in  the  navy  could  be  effected 
by  the  adoption  of  the  compound  system, 
and  he  arrives  at  this  conclusion  from  an 
examination  of  the  results  obtained  with 
the  non-compound  trunk  engines  of  the 
Hercules  on  the  one  hand,  and  with  the 
compound  engines  of  the  Briton  on  the 
other.  Mr.  Lloyd  asked  him  :  "  In  compar- 
ing the  economy  of  the  Briton's  en- 
gines with  those  of  the  Hercules,  they 
used  55  lbs.  of  steam  against  30  lbs.  ?"  Mr. 
Wright  replied  in  the  affirmative ;  where- 
upon Mr.  Lloyd  asked  :  "  Do  you  not  think 
that  the  difference  in  pressure  might  ac- 
count for  a  good  deal  of  the  economy?" 
"  Yes,  certainly,"  replied  Mr.  Wright. 

So  far  it  will  be  seen  that  Mr.  Wright 
holds  opinions  precisely  identical  in  many 
respects  with  our  own.  Before  proceeding 
further  we  must  stop  here  for  a  moment  to 
explain  a  point  which  may  not  be  fully 
understood.  A  great  many  engineers  main- 
tain that  the  compound  engine  working 
with  a  given  pressure  and  measure  of  ex- 
pansion must  be,  and  is,  more  economical 
in  right  of  the  principle  on  which  it  is  con- 
structed than  a  non-compound  engine.  We 
know  that  a  few  engineers  comprehend 
the  state  of  the  case  more  accurately,  and 
understand  that  the  only  advantage  to  be 
gained  from  compounding  lies  in  some  re- 
duction in  the  maximum  strains  to  which 
the  moving  parts  are  subjected  under  cer- 
tain conditions.  But  these  gentlemen  do 
not  constitute  anything  more,  we  fear,  than 
a  small  minority,  and  the  principal  object 
we  have  in  view  in  writing  these  articles  is 
to  endeavor  to  overset  the  fallacious  theory 
of  the  majority  by  showing  them  that  there 
is  no  evidence  to  be  had  in  favor  of  the 
opinions  that  they  hold  ;  if  every  engineer 
understood  in  what  the  only  advantage 
possessed  by  the  compound  system  lay, 
these  articles  need  never  have  been  written. 
We  find  it  advisable  to  make  this  explana- 
tion, because  we  have  on  the  one  hand  been 
accused  of  being  unable  to  understand  the 
advantages  accruing  from  the  use  of  high- 
pressure  steam  and  large  measures  of  ex- 
pansion at  sea,  while  on  the  other  hand  we 
have  been  taken  to  task  for  arguing  against 
a  belief  which  we  have  been  assured  has 
no  existence.     So  much  premised,  we  can 
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return  to  the  remainder  of  Mr.  Wright's 
evidence. 

Mr.  Lloyd  asked  him  a  crucial  question  : 
"  Have  you  formed  any  opinion  as  to  the 
cause  of  the  great  economy  which  is  said  to 
be  obtained  in  the  double  cylinder  engines 
as  compared  with  the  engines  which  expand 
very  considerably,  assuming  the  pressure  of 
the  steam  to  be  the  same  and  the  degrees 
of  heating  to  be  the  same  ?  "  Mr.  Wright, 
says,  in  reply  :  "  The  only  cause  I  can  see 
is,  that  the  variation  of  the  temperature  of 
the  cylinders  is  much  less  in  working  the 
steam  in  two  cylinders  than  it  is  in  one. 
For  instance,  the  steam  on  entering  the 
large  cylinder  goes  in  at  a  considerably  re- 
duced temperature,  as  compared  with  the 
temperature  of  the  condensers,  than  it  would 
in  working  the  steam  in  one  cylinder  only. 
You  would  have  a  much  greater  difference 
between  the  condensation  temperature  and 
the  maximum  steam  temperature  with  a 
single  cylinder  engine  than  with  a  com- 
pound engine."  In  this  reply  we  have  the 
entire  heat-trap  theory  with  which  we  dealt 
last  week  in  a  nutshell.  A  very  few  minutes 
after  this  reply  was  given,  Professor  Ran- 
kine,  as  a  member  of  the  committee,  began 
to  question  Mr.  Wright,  and  among  his 
questions  we  find  the  following  very  signi- 
ficant one.  Alluding  to  Mr.  Wright's  ap- 
plication of  the  heat-trap  theory,  Professor 
Rankine  said  :  "  If  you  had  a  non-conduct- 
ing cylinder,  I  suppose  the  compound 
engine  would  not  have  the  sort  of  advan- 
tage you  are  speaking  of  ? "  To  which 
Mr.  Wright  replied,  "Probably  not."  If 
he  had  said,  "  Certainly  not,"  he  would 
have  been  more  accurate.  We  shall  not 
stop  to  say  much  more  concerning  Mr. 
Wright's  notions,  but  we  may  cite  his  re- 
plies so  far  as  proving  that  there  are  en- 
gineers who  believe  that  the  compound  en- 
gine possesses  a  special  element  of  economy, 
and  Professor  Rankine's  question  as  show- 
ing that  he  does  not  endorse  Mr.  Wright's 
expression  of  opinion.  We  shall  not  now 
go  into  any  consideration  of  the  relative  influ- 
ence of  large  and  small  masses  of  iron  and 
various  temperatures  of  admission,  cut-off, 
and  exhaust,  although  it  can  be  shown  that 
if  steam  is  to  be  expanded  in  an  unjacketed 
engine,  the  more  cylinders  we  expand  it  in, 
the  worse  the  result  we  shall  obtain.  .  It 
will  suffice  to  refute  the  whole  heat-trap 
theory  to  say  that  it  is  based,  from  first  to 
last,  on  the  assumption  tha't  considerable 
changes  take  place  in  the  temperature  of 


the  metal  of  the  cylinder.  If  an  assimila- 
tion of  the  temperature  of  the  cylinders  to 
that  of  the  exhausting  steam  does  not  occur, 
then  the  intervention  of  one  cylinder  or  of 
20  cylinders  between  the  first  cylinder  and 
the  condensers  must  be  a  matter  of  utter 
indifference.  Now,  if  an  engine  is  properly 
jacketed,  no  such  assimilation  can  take 
place.  The  cylinders  will  always  be  hotter 
than  the  steam  within  them — in  other  words, 
they  will  be  in  the  same  condition  as  though 
they  were  made  of  non-conducting  materi- 
als. If,  on  the  other  hand,  they  are  not 
properly  jacketed,  then  Mr.  Wright  may 
rest  assured  that  the  condensation  in  the 
second  cylinder  alone  will  be  greater  than 
it  would  have  been  in  the  single  cjdinder 
of  a  non-compound  engine  working  up  to 
the  same  power  as  the  combined  cylinders 
which  he  advocates.  Any  practical  engi- 
neer will  tell  him  that  if  he  really  wants 
to  waste  steam,  the  best  way  to  set  about  it 
is  to  work  it  with  a  high  measure  of  expan- 
sion in  a  non-jacketed  compound  engine. 

Professor  Rankine  endeavored  to  get 
forth  from  Mr.  Wright  a  confirmation  of 
his  own  theory  as  to  the  cause  of  the  econ- 
omy, or  assumed  economy,  of  the  Constance, 
engined  by  Messrs.  Elder,  in  which  attempt 
he  was  specially  unsuccessful.  "  Have  you 
considered,"  asked  Professor Pankme,  "to 
what  extent  a  compound  engine  will  save 
friction  independently  of  the  saving  of  fuel 
per  indicated  horse  power '?"  Mr.  Wright 
stated  that  he  "  was  not  prepared  to  give 
a  reply  on  that  point,  but  I  should  not  think 
it  would  be  very  much  if  working  with  the 
same  pressure  and  temperature  of  steam  in 
each  case."  Further  on,  Professor  Ran- 
kine  asked  the  witness  :  "In  connection 
with  the  trials  of  the  Constance,  Octavia, 
and  Arethusa,  was  there  not  reason  to  be- 
lieve tha$  the  Constance  had  a  considerable 
advantage  over  the  Octavia  in  the  shape  of 
saving  friction  ?  "  To  which  Mr.  Wright 
replied  in  a  very  matter-of-fact  fashion  : 
"  I  cannot  give  you  an  answer  to  that  ques- 
tion from  facts,  but  my  impression  is  that 
the  friction  was  considerably  more  in  the 
engines  of  the  Constance  than  in  those  of 
the  Octavia  ;  the  Constance  had  six  cylinders 
aud  many  moving  parts."  So  far  it  will  be 
seen  that  Mr.  Wright  had  proved  anything 
but  a  satisfactory  witness  as  far  as  Profes- 
sor Pankine's  theory  of  the  Constance  was 
concerned,  but  he  proved  yet  worse  a  little 
further  on.  After  asking  two  or  three 
questions    of   small   importance,    Professor 
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Kankine  said  :  "  I  believe  I  am  right  in  say- 
ing that  the  returns  show  that  the  Con- 
stance was  driven  at  the  same  speed  with 
a  less  indicated  power ;  what  do  you  as- 
cribe that  to  ?  "  "I  should  rather  be  in- 
clined," said  Mr.  Wright,  "  to  ascribe  it  to 
the  difficulty  of  ascertaining  the  indicated 
power  with  .  sufficient  accuracy  to  form  a 
conclusion  upon  the  subject.  I  believe 
those  ships  (the  Octavia  and  Constance) 
are  identical."  Professor  Eankine  did 
not  press  Mr.  Wright  further  on  this  point. 
Our  own  convictions  regarding  the  Con- 
stance are  that  Professor  Pankine  has  been 
supplied  with  incomplete  or  inaccurate  in- 
formation concerning  her  performance  on 
the  trip  to  Funchal.  In  the  first  place,  not 
a  word  is  said  concerning  the  cleanliness  of 
the  hulls  of  the  Octavia  and  the  Constance, 
though  the  point  is  of  great  importance — 
not  concerning  their  trim,  nor  concerning 
the  pitches  and  areas  of  the  screws  by 
which  they  were  propelled.  But  apart 
from  this,  all  Professor  Eankine's  argu- 
ments in  favor  of  the  Constance  are  based 
on  the  belief  that  screw-shaft  friction 
was  reduced  to  a  minimum  by  direct 
balance  of  forces.  As  a  matter  of  fact, 
however,  such  a  balance  of  forces  did  not 
exist,  at  least  on  the  measured  mile  trial. 
It  could  of  course  o«ly  occur  when  the 
power  developed  in  each  of  the  low-pres- 
sure cylinders  was  half  that  developed  in 


each  high-pressure  cylinder,  and  this  was 
not  the  case  when,  as  we  have  said,  the 
ship  was  tried  at  the  measured  mile.  We 
feel  certain  that  if  Professor  Pankine  knew 
as  much  about  the  engines  of  the  Constance 
as  was  known  by  those  who  had  charge  of 
them,  he  would  never  allude  to  them  as 
constituting  a  desirable  type  of  marine  en- 
gine. During  the  only  commission  of  the 
ship,  the  engines  failed  more  than  once  at 
critical  moments  ;  and  a  very  good  author- 
ity states,  "That  an  ordinary  amount  of 
steaming  must  have  condemned  them  to 
the  scrap  heap."  Indeed,  it  is  quite  evi- 
dent that  however  strongly  Mr.  Elder  be- 
lieved in  6-cylinder  engines  he  could  scarce- 
ly find  any  emplo3rer  of  steam  power  to  en- 
dorse his  opinions.  We  find  at  pages  230, 
231,  and  282  of  the  Minutes  of  Evidence 
we  are  considering,  a  list  of  all  the  ships 
engined  since  1854  by  the  firm  of  Messrs. 
John  Elder  &'  Co.  This  list  includes  81 
screw  steamers,  of  which  15  were  fitted 
with  4  cylinders,  65  were  fitted  with  2 
cylinders,  and  one  only,  the  Constance, 
was  fitted  with  6  cylinders  —  the  British 
Government  being,  we  presume,  better 
able  to  pay  for  the  experiment  than  our' 
great  steamship  companies.  Of  paddle 
steamers,  Messrs.  John  Elder  &  Co.  en- 
gined 25,  only  one  being  fitted  with  6  cyl- 
inders, and  she  is  only  of  6U-horse  power 
nominal. 


HEAVY  GUNS. 

From  "The  Engineer." 


The  offensive  force  of  the  Glatton  being 
limited  to  two  25-ton  guns,  and  that  of  the 
Hotspur  to  one  similar  gun,  the  endurance 
of  these  weapons  is  a  matter  of  vital  conse- 
quence to  ships  so  armed.  It  appears,  how- 
ever, that  these  25-ton  guns  have  never  been 
subjected  to  such  a  trial  of  endurance  as 
would  naturally  occur  in  any  well-contested 
naval  action  or  bombardment.  All  naval 
artillerists  are  familiar  with  the  fact  that 
rapid  continuous  fire  causes  a  high  temper- 
ature in  the  gun,  greater  and  more  rapid 
consumption  of  powder,  unequal  rate  of  ex- 
pansion of  the  two  metals  of  which  the  gun 
is  constructed,  and  a  greater  initial  velocity, 
whereby  the  projectile  is  more  violently 
ejected  from  the  bore.  As  the  shot  is  bal- 
anced on  two  studs,  and  has  to  conform  itself 


to  grooves  with  ever- varying  curves,  offering 
an  increasing  resistance  at  the  muzzle,  the 
wriggling  hammering  action  which  abrades 
and  indents  the  bore  in  sloio  firing,  is  natu- 
rally increased  by  rapid,  continuous  fire.  If 
the  lower  groove  be  not  split  by  the  blow  of 
the  bottom  rear  stud,  or  the  upper  groove 
by  that  of  the  front  upper  stud,  the  wearing 
away  of  the  edges  of  the  grooves  would  fa- 
cilitate their  being  overridden  by  the  studs, 
and  the  gun  might  be  expected  to  be  dis- 
abled in  the  usual  way  at  a  much  earlier 
period.  The  life  of  the  25-ton  gun  is  offi- 
cially limited  to  100  discharges  of  reduced 
charges  of  powder  of  85  lbs.,  mis-called 
"  battering"  charges,  fired  with  intervals  of 
days  or  weeks  between  every  few  rounds. 
But  we  understand  that  the  Admiralty  are 
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considering  the  propriety  of  firing  these  100 
rounds  from  one  gun  in  a  single  day's  prac- 
tice with  several  degrees  of  elevation,  so  as 
to  assimilate  the  exercise  to  that  of  a  naval 
engagement.  As  the  immense  turret  ships 
Devastation,  Thunderer,  and  Fury  will  each 
be  dependent  on  four  35-tons,  for  their  of- 
fensive value,  it  is  to  be  hoped  that  the  Ad- 
miralty— remembering  how  68  rounds  of 
slow  firing  with  pebble  powder  injured  the 
only  one  so  tried — will  order  a  35-ton  gun 
to  be  put  through  a  similar  course  of  rapid 
continuous  firing  as  soon  as  one  is  delivered 
into  their  hands.  Such  a  trial  by  indepen- 
dent naval  artillerists  will,  we  trust,  overturn 
the  untenable  fiction  that  the  service  guns 
are  destroyed  by  the  direct  action  of  exces- 
sive powder  pressure,  and  establish  beyond 
cavil  the  well-known  fact,  that  it  is  the  pro- 
jectile, or  rather  the  vicious  system  of  rifling 
it,  which  so  abbreviates  the  longevity  of 
English  guns. 

The  recent  arrival  of  the  Bellerophon 
from  Gibraltar  has  enabled  us  to  inquire  into 
her  alleged  disarmament  by  the  action  of 
projectiles  fired  at  targets  from  her  9-in.  12>- 
ton  guns.  One  12^-ton  gun  has  opened 
slightly  in  the  outer  coil  on  the  chase  about 
12  in.  from  the  muzzle,  just  where  the  in- 
creasing spiral  offers  the  maximum  of  re- 
sistance to  the  escape  of  the  shot.  But  the 
interior  steel  tube  is  uninjured.  Another 
similar  gun  has  given  way  in  like  manner 
about  2  ft.  6  in.  from  the  muzzle,  the  interior 
steel  tube  being  also  uninjured.  In  two 
other  guns  the  steel  tube  stands  out  rather 
beyond  the  iron  jackets,  whether  from  the 
increasing  spiral  drawing  the  tube  out,  or 
from  the  outer  coils  being  set  back,  is  not 
very  clear.  This  disintegration  appears  to 
have  given  rise  to  unnecessary  alarm,  as  the 
separation  of  the  coils  is  of  no  great  conse- 
quence, the  transverse  strength  they  are  in- 
tended to  impart  being  unabated.  Still  the 
fissures  have  an  ugly  look,  and,  taken  in 
connection  with  the  12^-ton  gun  in  this  ship 
being  so  damaged  in  its  rifling  in  1869  as 
to  require  removal  to  the  Royal  Arsenal, 
and  two  others  in  1870  being  severely 
injured,  one  by  the  projectiles  and  the 
other  by  corrosion,  we  can  well  understand 
fhe  faith  of  officers  and  men  being  some- 
.  what  rudely  shaken.  It  is  satisfactory, 
however,  to  know  that  the  few  discharges 
these  guns  have  been  subjected  to  in  the 
ordinary  course  of  training  the  crew,  have 
not  been  so  destructive  as  was  at  first  re- 
ported. 


Old  and  New  Ideas  in  Astronomy. — The- 
ories have  been  advocated  respecting 
the  celestial  bodies  during  the  last  few 
years,  which,  new  though  they  seem,  and 
new  as  the  evidence  certainly  is  on  which 
they  have  been  based,  will  yet  be  found  in 
germ,  and  sometimes  sufficiently  well  devel- 
oped, in  the  works  of  former  astronomers. 
The  theory  that  the  globes  of  Saturn  and 
Jupiter  are  as  heated  as  red-hot  iron,  was 
advanced  by  Buffon  and  entertained  by 
Bailly.  The  theory  that  the  sun  was  sur- 
rounded by  a  perpetual  aurora  was  advo- 
cated by  Sir  W.  Herschel.  Mairan  and 
the  elder  Cassini  held  that  there  is  a  con- 
nection between  the  frequency  of  sun-spots 
and  the  occurrence  of  terrestrial  auroras. 
Cassini  also  held  the  theory  that  the  zodiacal 
light  (which,  by  the  way,  astronomers 
would  do  well  to  call  simply  the  zodiacal) 
is  caused  by  multitudes  of  minute  cosmical 
bodies  travelling  round  the  sun.  The 
younger  Cassini  believed  the  rings  of  Sat- 
urn to  be  formed  of  multitudes  of  discrete 
satellites  as  the  sands  on  the  sea  shore  for 
multitude.  The  theory  of  star-drift  was 
not  indistinctly  hinted  at  by  the  elder  Her- 
schel, while  the  theory  of  star-systems  sub- 
ordinate to  the  galaxy  was  suggested  by 
Lambert  and  strongly  supported  by  Michell 
— Michell,  that  mo^t  unfortunate  of  scien- 
tific thinkers,  who  mathematically  demon- 
strated the  existence  of  binary  star-sys- 
tems, the  credit  of  which  discovery  adds  to 
the  already  sufficient  fame  of  Sir  W.  Her- 
schel— Michell,  who  devised  and  construct- 
ed the  very  machine  for  weighing  the 
earth,  the  credit  of  whose  invention  all  our 
text-books  award  to  Cavendish.  We  might 
cite  other  instances,  but  these  will  suffice  to 
show  with  what  good  reason  the  students  of 
astronomy  in  our  day  might  say  with  Shak- 
speare  : 

"  If  there  be  nothing  new,  but  that  which  is 
Hath  been  before,  how  are  our  brains  beguil'd, 
"Which  laboring  for  invention  bear  amiss 
The  second  burthen  of  a  former  child ! " 


ear  Mill  Spring,  Wayne  Co.,  Mo.,  there 
has  been  discovered  a  bed  of  oolite 
of  great  thickness,  much  of  it  occurring 
as  a  hard  flint,  and  in  other  portions  of 
the  formation  intermixed  with  and  taking 
on  the  form  of  a  brilliant  quartz,  showing 
no  presence  of  lime  whatever. 
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ON  THE  USE  OF  THE  MAGNETIC  NEEDLE  IN  MINEEAL  EXPLO- 
RATIONS ON  LAKE  SUPERIOR  * 


By  MAJOR  T.  B.  BROOKS. 


As  the  instruments  employed  in  these 
observations  are  quite  different  from  those 
used  in  Terrestrial  Magnetism  which  are 
described  in  the  works  on  Magnetism,  a 
brief  account  of  them  will  be  given. 

The  Dip  or  Miner's  Compass  is  a  circular 
brass  box  3|  in.  in  diameter  and  £  in. 
thick,  having  a  circular  glass  on  each  side, 
which  permits  a  perfect  view  of  the  needle. 
The  needle  is  2|  in.  long,  weighs  13f  grains, 
and  is  counterpoised  so  as  to  stand  horizon- 
tally where  there  is  no  local  attraction,  and 
where  the  needle  is  permitted  to  swing  in  a 
north  and  south  vertical  plane,  which  is  the 
position  in  which  it  is  ordinarily  used.  The 
axis  of  the  needle  is  of  hard  steel,  its  points 
resting  loosely  in  conical  cavities  in  agates, 
fixed  in  two  arms  projecting  from  the  side. 
Outside  is  a  ring  for  supporting  the  instru- 
ment when  observations  are  made,  so  placed 
that  the  weight  of  the  suspended  instru- 
ment brings  the  zero  line  of  the  graduated 
circle  to  a  horizontal  position.  Although 
designed  to  be  used  chiefly  for  determining 
dips  or  inclinations  of  the  needle  due  to 
local  influences,  it  answers  passably  well 
for  taking  magnetic  bearings  when  laid  on 
its  side,  and  was  frequently  used  in  this 
way  in  rough  work. 

As  there  is  usually  no  means  of  throwing 
this  needle  off  its  points  of  support,  the  wear 
is  great,  and  the  instrument  is  often  out  of 
order.  A  person  going  out  of  the  way  of 
shops  where  repairs  can  be  made,  would  do 
well  to  take  two,  and  then  have  the  means 
at  hand  for  making  ordinary  repairs.  The 
compasses  generally  possess  each  an  indivi- 
duality of  its  own,  and  one  must  know  his 
instrument  before  placing  much  confidence 
in  his  results  :  they  will  seldom  reverse,  30 
deg.  difference  in  the  two  readings  being  not 
infrequent.  A  New  Jersey  iron  explorer 
informed  me  that  his  Dip  Compass  always 
indicated  90  deg.  when  faced  west,  and  the 
real  dip  due  to  the  local  attraction  when 
faced  east.  He  is  said  to  have  used  one 
position  in  buying  and  the  other  in  selling 
iron  lands,  very  successfully. 

My  compass  was  made  by  Messrs.  W.  & 

*  From  a  paper  read  before  the  American  Philosophical  So- 
ciety, Philadelphia,  in  April,  1872.     The  facts  given  were   in  | 
part  collected  under  the  auspices  of  the  Michigan   Oeulogieal 
Surrey.  , 
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L.  E.  Gurley,  of  Troy,  N.  Y.,  but  I  have 
since  seen  one  made  by  H.  W.  Hunter,  Esq., 
ofN.  Y.,  which  I  like  better.  A  reliabl* 
dip  compass  is  a  desideratum. 

This  is  exclusively  a  hand  instrument, 
and  has  no  support ;  nearly  all  the  magnetic 
observations  recorded  in  this  paper  were 
made  on  instruments  held  in  the  hand. 
.This  may  seem  rude  and  unscientific  to  pre- 
cise observers  of  physical  phenomena  ;  but 
it  was  found  by  trial  that  the  average  error 
by  this  mode  of  observation  was  less  than 
3  deg.,  which  was  comparatively  small  in 
localities  where  changing  the  position  of  the 
instrument  only  a  few  feet  often  made  50 
deg.  difference  in  the  direction  of  the  needle, 
and  deviations  of  180  deg.  from  the  normal 
direction  were  common.  It  is  not  necessary 
to  observe  the  direction  of  the  wind  to  the  de- 
gree to  construct  a  useful  theory  of  storms. 
Had  the  accurate  instruments  and  precise 
methods  of  terrestrial  magnetism  been  em- 
ployed, not  more  than  50  stations  could  have 
been  occupied  with  the  time  at  my  disposal 
while  with  my  rude  methods  over  1,000 
stations  were  observed  at. 

The  miner's  compass  above  described  is 
now  in  very  general  use   in   the   magnetic 
iron  regions  of  the  United  States.     The  ob- 
ject here  sought  is  to  endeavor  to  point  out 
;  new  and  perhaps  better  modes  of  using  that 
i  instrument  in  finding  iron  ore,  and  incident- 
|  ally,  too,  if  it  has  any  place  in  general  geolo- 
;  gical  field  work.     I  have  long  believed  that 
I  the  magnetic  needle  can  be   so   used  as  to 
[  give  more   definite    information   regarding 
magnetic  ores  and  rocks  than  has  yet  been 
done  to  my  knowledge.     I   did  some  rude 
and  incompleted  work  in  this  field,  at  the 
Eingwood    Iron   Mines    and    elsewhere   in 
New  Jersey  and  Southern  New  York,  the 
results  of  which  are  in  part  published  in 
Prof.  Cook's  Report  on  the  Geology  of  New 
Jersey.     The    observations   of  Prof.   Cook 
and  Dr.  Kitchell  on  the  magnetism  of  the 
iron  ores  of  New  Jersey,  and  the  use  of  the 
magnetic  needle    in  finding  them,  possess 
interest;  see  pp.   532-538  of  their  report. 
The  map  of  the  Eingwood  Iron  Mines,  ac- 
companying that  report,  exhibits  a  part  of 
my  own  observations  above  referred  to. 

The  idea  of  applying  Magnetic  Science 
to  Geology  is   not   at   all   new  ;  years  ago 
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Bischoff,  after  citing  numerous  observations 
that  had  been  made  in  various  parts  of  the 
world  by  different  observers  in  regard  to 
the  influence  of  mountains  on  the  magnetic 
needle,  concluded  as  follows  :  "  Assuming 
that  it  is  magnetic  ore  alone,  either  as 
masses  or  disseminated  through  the  rocks, 
to  which  the  magnetic  influences  are  to  be 
ascribed — and  in  my  opinion  this  is  quite 
unquestionable — it  would  seem  that  mag- 
netic observations  instituted  with  the  same 
degree  of  care  as  those  made  by  Reich, 
would  be  well  adapted  for  the  discovery  of 
hidden  beds  of  magnetic  iron  ore.  Such 
observations  might  therefore  prove  eminent- 
ly serviceable  to  the  iron  industry.  Cer- 
tainly it  would  be  requisite  first  to  ascertain 
whether  mountain  masses  containing  only 
disseminated  magnetic  iron  ore,  but  extend- 
ing over  a  considerable  surface,  would  not 
produce  as  great  an  effect  as  beds  of  mag- 
netic iron  ore.  Sabine's  observations  do 
not  appear  to  favor  this ;  but,  however  this 
may  be,  the  magnetic  needle  indicates  the 
presence  of  magnetic  iron  ore  where  it  can- 
not be  recognized  miner alogically,  and  de- 
monstrates the  very  general  distribution  of 
this  mineral." 

My  mode  of  observing  was  as  follows : 
To  determine  "variations"  east  or  west,  the 
bearings  of  a  standard  line  were  taken  as  in 
ordinary  surveys.  Sometimes  a  solar  com- 
pass was  used,  but  oftener  a  pocket  compass. 
The  variations  as  shown  by  the  miner's  com- 
pass, termed  "dips,"  were  observed  on  this 
compass  held  in  the  hand  generally  in  the 
plane  of  the  meridian,  hence  the  instrument 
would  face  east  and  west.  Sometimes  ob- 
servations were  made  with  the  compass 
held  at  right  angles  with  this  position ;  that 
is,  facing  north  and  south,  the  instrument 
being  always  held  in  the  hand  and  levelled 
by  its  own  weight. 

The  intensity  of  the  magnetic  force  for 
the  three  positions  of  the  compass  above 
designated,  was  measured  by  the  number 
of  vibrations  made  by  the  needle  in  a  unit 
of  time,  usually  taken  at  \  of  a  minute.  The 
vibrations  varied  from  zero  to  60  in  this 
time,  6  being  the  normal  number  due  to 
the  earth's  influence.  No  attempt  was 
made  to  eliminate  the  earth's  attraction  by 
neutralizing  it  with  a  magnet  when  the  ob- 
servation was  made,  or  by  computation. 
Of  course,  when  the  compass  faced  north  or 
south,  this  was  partially  accomplished,  be- 
cause the  earth's  attraction  would  then  be 
nearly  in  the  direction  of  the  axis  of  the 


needle.  It  must  be  borne  in  mind  that  the 
great  amount  of  friction  in  this  form  of 
compass  renders  the  number  of  vibrations 
only  a  rude  approximation  to  the  number 
which  would  be  indicated  by  a  delicately 
mounted  needle. 

There  is  no  better  instrument  for  observ- 
ing variations  accurately  than  Burt's  Solar 
Compass ;  but  it  is  too  heavy  for  explorers' 
use.  I  have  found  a  convenient  substitute 
for  rough  observations  in  the  Pocket  Dial 
Compass,  which,  used  with  a  watch  indica- 
ting local  time,  is  rapid  and  sufficiently  pre- 
cise. This  instrument  or  the  ordinary  sun 
dial  can  also  be  used  for  running  lines 
where  there  is  no  local  attraction ;  for  rough 
work  I  have  used  it  instead  of  the  Solar 
Compass. 

I  hoped  to  have  made  some  observations 
with  properly  constructed  instruments,  such 
as  are  used  in  determining  the  elements  of 
terrestrial  magnetism,  in  order  to  institute 
a  comparison  between  accurate  results  and 
my  own  rude  work ;  but  the  nature  of  such 
investigations  requires  more  time  than  I 
have  thus  far  had  at  my  disposal.  Fortu- 
nately, Dr.  John  Locke  made  complete 
magnetic  observations  at  several  points  in 
the  Marquette  Iron  Region,  which  are  re- 
corded in  "  Smithsonian  Contributions  to 
Knowledge,"  vol.  3,  pp.  25-27.  One  sta- 
tion was  over  magnetic  rocks  in  Section  18, 
Town  47  north,  Range  26  west,  the  geol- 
ogy of  which  he  thus  describes  :  "  A  load- 
stone in  place  broken  into  sharp  angular 
fragments ;  here  were  two  poles,  17.67  ft. 
apart,  one  attracting  the  north,  the  other 
the  south  pole  of  the  needle."  Dr.  Locke 
found  the  dip  to  be  42  deg.  53  min.,  when 
it  should  have  been  about  76  deg.  The 
duration  of  500  vibrations  was  822  sec, 
when  it  should  have  been  about  1,500  sec, 
and  the  calculated  horizontal  intensity  was 
more  than  four  times  the  normal  force  com- 
puted for  that  station.  If  Dr.  Locke  had 
occupied  500  stations  on  that  section  of 
land,  he  would  have  obtained  different  re- 
sults at  each,  often  differing  more  from 
each  other  than  the  foregoing  do  from  the 
normal  forces. 

These  observations,  like  all  recorded  ones 
that  have  come  under  my  notice,  have  had 
terrestrial  magnetism  as  their  chief  object; 
therefore  the  observers  have  avoided  the 
very  localities  which  to  the  geologist  pos- 
sess the  greatest  interest — those  where  local 
magnetic  attractions  exist.  Dr.  Locke  calls 
attention  to  the  importance  of  magnetic  sci- 
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ence  to  the  geologist,  and  gives  many  inter- 
esting isolated  facts  bearing  on  the  subject, 
particularly  regarding  the  existence  of  mag- 
netite in  volcanic  rocks,  where  it  usually 
occurs. 

Before  dismissing  the  subject  of  instru- 
ments suited  to  magnetic  surveys,  I  will 
call  attention  to  a  patent  mariner's  compass 
made  by  E.  S.  Ritchie,  Esq.,  of  Boston,  in 
which  the  needle  is  entirely  supported  by  a 
liquid  having  the  same  specific  gravity, 
thus  giving  it  universal  motion.  A  needle 
so  mounted  and  having  the  earth's  attrac- 
tion neutralized  by  a  magnet,  should  point 
directly  towards  a  local  magnetic  pole  when 
brought  within  its  influence,  thus  accom- 
plishing with  one  observation  and  no  cal- 
culations what  requires  at  least  two  with 
the  ordinary  compass.  For  intensity  Mr. 
Ritchie  suggested  the  following  mode : 
Time  the  needle  from  the  instant  of  its 
being  let  off  at  90  deg.  to  its  passing  the 
resting  point.  I  am  of  the  opinion  that  a 
valuable  instrument  for  miners  and  explo- 
rers could  be  made  on  Mr.  Bitchie's  plan. 

A  modification  of  the  ordinary  compass 
has  been  made  which  accomplishes  the 
same  thing  in  part.  The  agate  support  is 
fitted  to  the  needle  by  a  sort  of  universal 
joint,  which  gives  the  needle  a  vertical 
range  through  half  a  quadrant  in  addition 
to  its  horizontal  motion.  The  only  one  I 
ever  saw  was  made  from  the  design  of  the 
late  Wm,  J.  Amsden,  Esq.,  of  Scranton,  Pa., 
who  made  some  valuable  magnetic  surveys. 
A  pocket  compass  on  a  similar  idea  has 
lately  been  patented.  A  somewhat  similar 
instrument  has,  I  understand,  been  used 
for  a  long  time  in  Sweden  and  Norway.  On 
the  same  principle  the  ordinary  surveyor's 
compass  indicates  dips  rudely.  At  the  west 
quarter  post  of  Section  7,  Town  46  north, 
Kange  29  west,  being  on  the  east  side  of 
Republic  Mountain,  I  find  marked  on  the 
U.  S.  Survey  plat :  "  End  of  needle  dips  \ 
in.,  variation  62  deg.  west." 

C.  F.  Varley,  Esq.,  the  English  Electri- 
cian, suggested  to  me  that  a  portable  elec- 
tro-magnetic apparatus  could  be  constructed, 
with  which  might  be  determined  the  direc- 
tion and  distance  to  the  pole  of  a  magnetic 
rock  by  some  simple  observations  and  com- 
putations. An  instrument  of  this  kind 
would  have  considerable  value  in  connec- 
tion with  magnetic  needles,  especially  where 
the  magnetic  ore  or  rock  was  covered  with 
considerable  thickness  of  other  material.  In 
1867  Mr.  Varley,  with  a  view  to   detecting 


electric  currents,  if  any  existed,  made  some 
observations  both  in  the  copper  and  iron- 
bearing  rocks  of  Lake  Superior  ;  he  found 
such  currents  in  the  mines  of  native  copper, 
but  none  in  the  iron  mines.  The  instru- 
ments employed  were  rude,  having  been 
extemporized  on  the  spot.  I  do  not  know 
whether  he  has  published  anything  on  this 
subject  or  not. 

Passing  from  the  instruments  employed 
to  the  field  in  which  they  were  used,  the 
following  geological  sketch  will  give  a 
general  idea  of  its  character  from  the  mag- 
netical  stand-point : 

Rocks  of  the  four  oldest  geological  epochs 
yet  made  out  on  this  continent  are  repre- 
sented on  the  Upper  Peninsula  of  Michi- 
gan ;  two  belonging  to  the  Azoic,  one  to  the 
Lower  Silurian,  and  one  between  these,  of 
questioned  age.  The  equivalency  of  these 
with  the  Canadian  series  has  not  been  fully 
established,  but  the  nomenclature  of  the 
Canadian  geologists  will  be  employed  pro- 
visionally. 

The  Laurentian  of  the  Upper  Peninsula 
is  like  that  of  Canada  in  being  largely 
made  up  of  granitic-gneisses,  but  differs  in 
containing  no  limestone  so  far  as  I  have 
seen,  and  little,  I  may  say  practically  no 
iron  ore,  and  very  little  disseminated  mag- 
netite. Next  above  the  Laurentian,  and 
resting  on  it  non-conformably,  are  the 
Huronian  or  iron-bearing  rocks  ;  these  are 
called  also  by  the  Canadian  geologists  the 
lower-copper-bearing  series.  This  series 
are  made  of  several  plainly  stratified  beds 
of  iron  ore  and  ferruginous  rock,  varying 
in  the  percentage  of  metallic  iron  from  15 
to  67  per  cent.,  interstratified  with  greenish 
tough  rocks,  in  which  the  bedding  is  often 
obscure,  which  are  apparently  diorites, 
more  or  less  altered ;  together  with  quart- 
zites  (which  pass  into  marble),  clay  slates, 
mica  schists,  and  various  obscure  magne- 
sian-schists.  The  whole  maximum  thick- 
ness in  the  Marquette  Region  is  not  far 
from  5,000  feet.  Pumpelly  and  Croedner 
make  them  much  thicker  farther  south. 

While  the  great  Huronian  area  of  Cana- 
ada  north  of  Georgian  bay  bears,  so  far  as 
I  am  aware,  little  or  no  workable  iron,  and 
derives  its  economic  importance  from  its 
ores  of  copper,  the  Marquette  series,  sup- 
posed to  be  of  the  same  age,  are  eminently 
iron  bearing,  and  have  as  yet  produced  no 
copper.  It  is  doubtful  if  in  the  same 
extent  and  thickness  of  rocks,  anywhere  in 
the  world,  there  is  a  larger  percentage  of 
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iron  oxide  than  in  the  Marquette  series. 
In  the  order  of  relative  abundance  so  far  as 
made  out,  the  ores  are  the  specular  hema- 
tites, magnetites,  and  soft  or  brown  hema- 
tites. These  all  exist  in  workable  beds, 
and  all  as  disseminated  minerals  in  rocks 
usually  silicious.  The  geological  distribu- 
tion of  these  ores  of  iron  in  the  Huronian 
series  will  be  considered  in  another  place. 
The  geographical  distribution  is  less  under- 
stood ;  so  far  there  seems  to  be  the  greatest 
concentration  of  magnetic  ores  in  the  Michi- 
gammi  District  of  the  Marquette  Region. 
Prom  this,  the  relative  proportion  of  magne- 
tite seems  to  decrease  as  we  go  east,  north 
and  west,  and  probably  south,  although 
there  is  a  considerable  magnetic  attraction 
in  the  Menomonee  or  southern  iron  region. 

Next  younger  than  the  Huronian  are  the 
copper-bearing  rocks  of  Keweenaw  penin- 
sula, which  extend  westward  into  Wiscon- 
sin, the  age  of  which  has  led  to  much  con- 
troversy ;  good  authorities  having  placed 
them  in  different  epochs,  from  the  Azoic  to 
the  Triassic.  Recent  observations  made  by 
Prof.  R.  Pumpelly  and  myself  go  strongly 
to  confirm  the  view,  if  we  have  not  posi- 
tively demonstrated  it,  that  they  are  non- 
conformably  overlaid  by  the  Silurian,  and 
therefore  related  to  the  Azoic.  The  rela- 
tions of  the  copper-bearing  rocks  to  the  Hu- 
ronian are  not  fully  made  out.  In  tracing 
the  dividing  fine  from  Bad  River  in  Wiscon- 
sin to  Lake  Gogebic,  Michigan,  last  fall,  a 
distance  of  60  miles,  Prof.  Pumpelly  and 
myself  found  them  nearly,  if  not  precisely, 
conformable,  but  widely  different  in  litho- 
logical  character. 

With  regard  to  the  magnetism  of  the 
copper-bearing  series,  the  United  Sfetes 
Surveyors  mark  considerable  variations  in 
several  places  in  the  Land  Office  plats,  due 
in  all  probability  to  disseminated  magnetite 
in  the  trappean  members  of  the  series,  al- 
though good  authorities  have  ascribed  these 
variations  to  electric  currents.  My  own 
observations  on  the  magnetism  of  these 
rocks  have  been  limited,  but  lead  me  to 
believe  that  it  is  far  less  in  amount  and  less 
persistent  in  character  than  is  usually  the 
case  in  the  Huronian,  indicating  that  the 
magnetite  (to  which  I  ascribe  the  attrac- 
tions) is  perhaps  an  accidental  rather  than 
essential  constituent,  and  small  in  amount. 
Macfarlane  found  less  than  one  per  cent,  in 
one  of  the  Portage  Lake  traps. 

The  next  series  of  rocks  in  ascending  or- 
der are  the  horizontally-bedded  Lower  Silu- 


rian sandstones  which  skirt  the  south  shore 
of  Lake  Superior,  nearly  its  whole  length, 
called,  by  Foster  and  Whitney,  Potsdam, 
and  assigned  by  the  Canadian  geologists, 
under  the  name  St.  Mary's,  to  a  later  period. 
They  have  not  been  proven  to  be  magnetic, 
although  strong  magnetic  attractions  have 
been  observed  over  this  Silurian  area,  as 
will  be  explained  hereafter. 

To  recapitulate,  we  have :  1.  The  Lau- 
rentian  granite  and  gneiss,  practically  non- 
magnetic ;  2.  The  Huronian  iron-bearing 
rocks,  generally  highly  magnetic ;  3.  The 
copper  series,  slightly  magnetic ;  and  4th. 
The  Silurian  rocks,  without  magnetism. 
This  classification  is  intended  to  apply  more 
particularly  to  the  rocks  of  the  Marquette 
and  Menomonee  regions  proper,  embracing 
the  central  and  southern  portion  of  the  Up- 
per Peninsula ;  and  even  here,  as  has  been 
noted  above,  under  Huronian,  there  are 
exceptions.  This  sketch  of  the  Marquette 
rocks,  in  the  light  of  the  distribution  of 
magnetite,  would  be  incomplete,  did  I  not 
mention  the  fact  that  this  mineral  is  very 
generally  present  in  the  form  of  fine  sand 
in  the  drift  in  the  region  I  am  describing. 
If  one  moves  a  magnet  about  in  the  sand  of 
a  creek  it  is  rarely  that  magnetic  sand  will 
not  be  found  adhering.  I  have  never  seen 
it  accumulated  in  quantities  that  would 
point  towards  its  being  utilized;  nor  have  I 
ever  observed  a  magnetic  attraction  which  I 
ascribed  to  the  mineral  in  this  form. 

We  will  now  return  to  the  Huronian  or 
highly  magnetic  series,  taking  up  its  struc- 
ture in  detail.  About  19  lithologically  dis- 
tinct beds  or  strata  make  up  the  series ;  of 
these,  6  and  probably  7  are  so  magnetic  as 
to  cause  considerable  variations  in  the  nee- 
dle. These  beds  vary  from  40  to  several 
hundred  feet  in  thickness,  and  strike  and 
dip  in  all  directions,  and  at  all  angles.  The 
prevailing  strike,  however,  is  easterly  and 
westerly,  and  dip  at  high  angles,  often  ver- 
tical. These  rocks  often  outcrop,  when  we 
have  no  use  for  the  magnetic  needle  in 
their  study.  Again,  they  are  covered  by 
deep  drift,  where  magnetic  observations  or 
workings  can  only  reveal  them. 

In  order  to  study  the  magnetic  character- 
istics of  these  rocks  more  minutely  than 
could  be  done  in  the  field,  two  hundred 
and  twenty-two  specimens  covering  all  the 
more  common  varieties,  were  collected  and 
are  deposited  in  the  cabinet  of  the  Univers- 
ity of  Michigan ;  they  are  fully  described 
in  the  chapter  on  lithology  of  my  Geologi- 
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cal  Report.  Fifty-four  or  twenty-four  per 
cent,  were  found  to  possess  some  degree  of 
magnetic  power  as  manifested  by  their  in- 
fluence on  a  magnetic  needle  ;  each  speci- 
men being  in  turn  made  to  touch  each  end 
of  a  mounted  needle.  If  it  had  the  power 
to  lead  it  20  deg.  from  its  normal  direction, 
the  specimen  was  said  to  be  feebly  magnet- 
ic, and  strongly  magnetic  when  the  needle 
followed  the  specimen  round  the  circle  if 
held  about  half  an  inch  from  it.  Of  the 
fifty-four  specimens,  thirteen  were  feebly 
magnetic,  twenty-nine  magnetic,  five  de- 
cidedly magnetic,  and  seven  strongly  mag- 
netic. None  would,  however,  lift  ordinary 
carpet  tacks.  Twenty-four,  or  nearly  one- 
half,  possessed  polarity  in  some  degree. 
Thirty  were  simply  magnetic,  with  no  polar- 
ity that  could  be  detected  by  the  rude  means 
employed  ;  in  some  instances  the  specimen 
would  repel  the  needle  at  half  an  inch  dis- 
tance, but  would  attract  it  if  placed  in  con- 
tact. Such  specimens  were  rated  as  pos- 
sessing polarity.  All  of  the  strongly  mag- 
netic specimens  were  rich  in  magnetite  and 
possessed  polarity,  and  it  is  not  improbable 
that  all  would  have  been  found  to  possess  it  if 
tested  by  more  delicate  means.  Von  Cotta, 
however,  speaks  of  magnetic  iron  ore  which 
had  no  polarity.  The  specimens  generally 
attracted  the  south  pole  more  strongly  than 
the  north.  When  examined,  they  had 
been  collected  about  three  months.  Wheth- 
er they  would  have  shown  more  or  less  mag- 
netic power  if  examined  when  freshly 
broken,  I  do  not  know.  Dr.  Kitchell  says 
that  under  certain  circumstances  fragments 
gain  magnetism. 

In  1860  I  saw  a  powerful  loadstone  for 
its  size,  in  the  possession  of  Professor  Tre- 
go, of  Philadelphia,  which  he  had  picked 
up  in  New  Jersey  twenty-two  years  before. 
I  once  collected  a  number  of  pieces  of  load- 
stone in  the  Bull  Mine,  New  York,  which 
in  the  mine  would  lift  small  nails ;  in  a  few 
days  two-thirds  of  them  had  lost  this 
power.  This  may  have  been  due  to  the  fact 
that  in  the  mine  the  nails  themselves  were 
magnetic  by  induction. 

As  to  the  location  of  the  poles  in  magnetic 
rocks,  the  laws  of  magnetism  would  make 
them  near  the  surface  or  next  divisional 
planes  or  terminations  of  masses.  Observ- 
ers are  generally  agreed  that  iron  ore  is 
most  magnetic  near  dykes  of  volcanic  rock. 
Quoting  again  from  Dr.  Kitchell,  "  Geology 
of  New  Jersey,"  p.  535 :  "  The  extent  of  the 
magnetic  qualities  of  iron  ores  depends  on 


their  position  with  respect  to  the  surface ; 
the  nearer  to  the  surface  the  greater  will 
be  their  magnetic  properties.  This  appears 
to  depend  on  the  action  of  surface  water 
and  atmospheric  agents,  for  it  has  been 
frequently  observed  that  ore,  when  first 
taken  out  of  a  mine  at  a  considerable  depth, 
possessed  but  slight  magnetic  properties, 
but  on  being  exposed  to  the  atmosphere 
for  a  few  months  or  years  it  would  increase 
so  much  that  excellent  specimens  of  load- 
stone for  experimental  purposes  could  be 
selected  therefrom.  Seams  of  ore  that  con- 
tain numerous  joints  and  fissures,  through 
which  water  and  atmospheric  agent?  pass, 
possess  more  decided  magnetic  properties 
than  those  which  are  more  compact  and 
free  from  crevices  and  fissures." 

These  remarks  of  Dr.  Kitchell  possess 
much  interest ;  I  have  made  no  precise  ob- 
servations on  this  point. 

Classifying  the  magnetic  ores  and  rocks 
of  the  Marquette  Region  economically,  the 
merchantable  ores,  according  to  the  present 
standard  of  richness,  would  not  constitute 
two  per  cent,  of  the  whole ;  the  balance 
being  ferruginous  quartzites  and  schists 
possessing  no  present  value  as  ores.  The 
merchantable  magnetic  ores  have  so  far 
been  all  found  in  one  formation  near  the 
middle  of  the  series,  and  that  is  not  all  pure 
ore  by  any  means ;  therefore,  when  an  ore- 
hunter  finds  an  "  attraction  "  in  the  Lake 
Superior  region,  the  chances  of  his  having 
found  a  mine  are  not  more  than  one  in  fifty 
Neither  the  strike  nor  dip  of  the  formation 
seems  to  affect  its  magnetic  power.  This 
depends,  so  far  a  my  observations  throw 
any  fight  on  the  question,  chiefly  on  the 
percentage  of  magnetite  entering  into  the 
composition  of  the  rock.  Prof.  Cook — "  Geo- 
logy of  New  Jersey,"  pp.  537-8 — says  that 
the  magnetism  of  iron  ores  was  influenced 
by  the  "  pinch  and  shoot  "  structure  so  pre- 
valent in  the  iron  mines  of  New  York  and 
New  Jersey.  He  points  out  the  analogy  be- 
tween these  regular  pod-shaped  masses — 
"  shoots  "  of  ore, — pitching  downward  in  a 
northerly  direction  and  an  iron  bar  in  the 
same  position,  both  become  magnetic  and 
have  polarity. 

The  "pinch  and  shoot"  structure,  if  it 
exists  in  the  magnetic  ores  of  the  Marquette 
Region,  is  obscure,  and  in  strike  and  dip 
there  is  no  parallelism  between  our  rocks 
and  those  of  New  Jersey,  as  is  shown  else- 
where. Yet  our  ores  must  usually  be  more 
strongly  magnetic  than  those  of  New  Jer- 
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sey  ;  for  Prof.  Cook  says  :  "  It  is  generally 
conceded  that  ore,  covered  by  30  ft.  of  earth, 
will  attract  the  needle,  and  '  large  veins ' 
have  disturbed  it  when  covered  by  50  ft. 
of  earth."  Now  at  five  and  even  fifty  times 
these  distances  horizontally,  the  needle  is 
often  deflected  in  the  Marquette  Region. 

Having  now  described  the  instruments 
employed  and  mode  of  using  them,  as  well 
as  the  field  of  operations,  we  are  prepared 
to   consider   the   results    obtained,   and   to : 


estimate  their  value  to  the  explorer,  miner, 
and  geologist.  Unfortunately,  the  charts 
which  best  illustrate  the  subject  are  not  yet 
engraved,  and  will  be  so  large  as  to  pro- 
hibit their  use  in  this  form ;  they  will  ap^ 
pear  in  my  geological  report. 

Under  this  head  we  will  consider: 
1st.  Variations  or  deflections  of  the  hori- 
zontal   needle   from   its   normal   direction, 
under  the  influence  of  local  magnetic  attrac- 
tion. 


MAGNETIC    PLAN  -  WASHINGTON    MINE. 
See  Map 


This  is  well  illustrated  by  Fig.  1,  which 
is  a  magnetic  plan  of  the  west  end  of  the 
new  Washington  mine,  embracing  Pit  No. 
10.  The  dotted  line  represents  an  outline 
of  the  workings ;  the  ore  dips  30  deg.  to 
the  north-west. 

The  arrows  indicate  the  direction  in 
which  the  needle  actually  pointed  at  each 
station.  They  leave  no  doubt  as  to  the 
approximate  position  of  the  Line  of  maxi- 
mum variation  which  must  be  over  or 
nearly  over  the  magnetic  mineral  producing 
the  effect.  The  observations  for  intensity 
by  vibrations,  marked  V.  17,  V.  13,  V.  11, 
and  V.  8  (6  being  the  normal  number), 
confirm  the  variations.  The  decrease  in 
intensity  toward  the  north-east  is  probably 


due  to  greater  depth  of  earth  in  that  direc- 
tion, which  removes  the  needle  further 
from  the  ore,  thereby  giving  the  ore  less 
power  over  it. 

Of  course,  the  direction  in  which  a  needle 
rests  at  any  point  is  the  resultant  of  all  the 
forces  acting  on  it,  including  that  of  the 
earth.  If  the  latter  be  neutralized  by  an 
artificial  magnet,  then  the  needle  should 
point  toward  the  local  pole  as  near  as  its 
mode  of  suspension  would  permit.  If  there 
be  two  or  more  local  poles,  which  is  the 
more  common  case,  then  the  needle  should 
stand  between,  inclining  toward  the  greater. 
It  is  evident  that  thera  are  a  number  of 
local  poles  in  the  locality  represented  in 
the  diagram. 
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The  distance  to  which  a  given  local  mag- 
netic pole  will  affect  the  needle  will  depend, 
1st,  on  the  strength  or  intensity  of  attrac- 
tion possessed  by  such  pole ;  and,  2d,  on 
the  direction  from  the  pole  to  the  needle. 
If  a  needle  be  carried  south  of  a  local  pole, 
it  will  not  vary,  no  matter  how  strong  the 
attraction  exerted,  because  the  earth's  forces 
and  the  local  force  act  in  the  same  line  and 
same  direction.  If  the  needle  be  placed 
north  of  the  same  pole,  there  will  be  no 
variation  until  it  is  so  near  the  local  pole 
that  its  force  overbalances  that  of  the  earth, 
when  the  needle  will  turn  around,  causing 
a  variation  of  180  deg.  If  moved  east  or 
west,  the  local  pole  will  exert  its  maximum 
influence,  and  will  attract  the  north  end  of 
the  needle  toward  itself  in  some  ratio  of 
the  distance.     The  influence  of  the  mag- 


netic rocks  at  the  Republic  Mountain  has 
been  observed  at  a  distance  of  2,500  ft. 
horizontally. 

It  is  evident  from  this  that  a  range  of 
magnetic  ore  or  rock,  running  east  and 
west,  would  produce  least  variation,  and 
one  running  north  and  south,  or  near  that 
direction,  would  produce  most  variation,  a 
principle  of  practical  value  to  the  explorer. 

If,  lastly,  the  needle  be  placed  directly 
over  the  local  magnetic  pole,  it  is  evident 
that  no  variation  will  be  produced,  as  the 
effect  of  the  local  pole  would  be  entirely 
neutralized  by  the  centre  pin  of  the  com- 
pass. A  dip  needle  would,  on  the  contrary, 
be  most  influenced  by  a  pole  so  situated. 

2d.  The  deviations  in  the  dip  compass, 
termed  "  dips,"  are  well  shown  in  Figs.  2 
and    3,   which  represent   north   and  south 


Fig.  2. 


Normal  Line.  6  "VlbraiiaiiH. 


sections  across  the  Champion  Mine  deposit. 
The  arrows  indicate  the  actual  directions 
assumed  by  the  needle,  when  permitted  to 
swing  in  a  north  and  south  vertical  plane. 
The  significance  of  these  dips,  taken  in 
connection  with  the  rocks  shown  by  the 
geological  sections  beneath,  is  plain.  Fig. 
2  represents  one  magnetic  formation — the 
Champion  bed  itself.  Fig.  3  represents 
three  magnetic  formations,  the  richer  and 
most  highly  magnetic  being  the  Champion 
deposit  shown  in  Fig.  2.  An  inspection  of 
these  figures,  and  a  consideration  of  the  laws 
of  force,  make  it  evident  that  every  highly 


magnetic  bed  will  present  two  lines  when 
the  dip  will  be  90  deg.  One  immediately 
over  the  bed  and  the  other  to  the  north  of 
the  first,  at  a  point  where  the  mechanical 
resultant  of  the  earth's  force  urging  the 
needle  north,  and  the  local  force  urging  it 
south,  balance  each  other  in  a  vertical  fine. 
This  northerly  line  of  90  deg.  attraction, 
does  not  indicate  ore  underneath,  but  simply 
ore  somewhere  to  the  south.  Considerable 
money  has  been  wasted  and  will  be  wasted 
in  the  Marquette  Region,  from  neglecting  so 
simple  a  principle. 

It  is  evident  from  the  plan  and   sections 
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shown  by  Figures  1,  2,  and  3,  that  the  north 
end  of  the  needle  almost  universally  points 
towards  the  ore.  This  law  may  be  more 
broadly  stated  by  saying  that  the  upper 
portion  of  any  and  every  piece  of  cast  or 
wrought  iron,  or  non-magnetized  steel,  or 
mass  of  magnetite,  is  a  south  pole  and  the 
lower  part  a  north  pole. 

3d.  The  relative  intensity  of  the  magnetic 
force  resident  in  the  rocks  under  considera- 
tion, was  approximately  measured,  as  has 
been  explained,  by  the  number  of  vibrations 
produced  in  the  needle  in  quarter  of  a  min- 
ute, as  gravity  is  measured  by  the  vibrations 


of  the  pendulum.     The  intensities  as  indi- 
cated by  the  dip  compass  needle  on  the  two 
!  sections  of  the  Champion  Mine,  are  "shown 
i  in   Figs.  2  and   3   by   the    upper  irregular 
curves,  the  ordinates  of  which  are  directly 
I  proportional  to  the  number  of  vibrations. 
It  is   a  law  of  magnetism  that  its  force 
diminishes  like  light,  that  is,  as  the  square 
of  the  distance  ;  which  may  be  expressed  by 
saying    that     magnetic    force    is     as     the 
square  of  the  number  of  vibrations  made  by 
the  needle  in  the  unit  of  time.     Therefore 
these  curves,  striking  as  they    are,  indicate 
far  less  variation  in  the  relative  force  than 


Fig.  3. 


"Normal  Iaast 


actually  exists.  Under  the  influence  of  the 
cosmical  force  alone,  the  needle  vibrated  but 
six  times  in  the  unit  of  time,  which  was 
taken  at  a  quarter  of  a  minute.  When  the 
dip  compass  was  placed  a  certain  distance 
north  of  the  magnetic  rocks,  the  curves  show 
the  vibrations  to  be  less  than  the  normal 
number.  This  may  be  explained  in  the  same 
way  that  the  northerly  line  of  90  deg.  at- 
traction was  accounted  for.  For  it  is  evident 
that  there  must  be  some  point  to  the  north 
of  every  mass  of  ore  or  magnetic  rock,  when 
the  earth's  attraction  would  be  exactly  bal- 
anced by  the  local  force ;  hence  at  this  point 
the  needle  would  stand  indifferently  in  every 
direction  and  would  not  vibrate. 

All  the  observations  for  intensity  above 
considered  were  taken  at  an  elevation  of  4 
ft.  from  the  surface.     Sometimes   the  rocks 


came  to  the  surface,  sometimes  there  were 
several  fe^t  and  perhaps  yards  of  drift  be- 
tween ;  it  is  therefore  an  important  practical 
question  to  ascertain  what  effect  different 
elevations  of  the  needle  have  on  the  num- 
ber of  its  vibrations. 

The  difficulty  of  attaining  any  consider- 
able elevation  from  which  to  observe  inten- 
sity, renders  our  observations  on  its  rate 
of  diminution  due  to  elevation  or  vertical 
distance  of  little  value.  The  theory  of  the 
sphere  of  attraction  and  law  of  decrease  of 
force,  as  the  square  of  the  distance  from 
the  centre,  has  been  mentioned ;  but  with 
several  local  forces  acting  on  the  same  point 
(the  case  usually  presented  in  nature),  the 
law  is  greatly  modified ;  the  decrease  being 
in  a  less  ratio.  This  subject  possesses  espe- 
cial interest  in  connection  with  the  determi- 
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nation  of  the  depth  at  which  magnetic  rocks, 
producing  a  given  disturbance,  will  be 
found ;  therefore,  the  few  observations  made, 
unsatisfactory  though  they  are,  will  be 
given.  At  Eepublic  Mountain  a  staging 
was  erected  in  the  windfall,  by  means  of 
which  eight  equidistant  observations  were 
made  ;  the  lower  one  on  the  magnetic  schist, 
the  upper  one  14  ft.  above ;  the  results  were 
as  follows : 


Elevation 
in  feet . 


Vibrations. 


Facing 
west. 


Facing 
north. 


0 

2 

4 

6 

8 

10 

12 

14 


56 
41 
33 

27  X 
19 
15  X 
18 
12 


53 
41 
30 

SO 
23 

24 
24« 

20 


REMARKS. 


On  surface  of  schist. 


At  another  point  near  the  above  and  over 
the  same  magnetic  rock,  the  following  vi- 
brations were  observed : 


Vibrations. 

Elevation 

REMARKS. 

Facing 

Facing 

west. 

north . 

0 

60 

60 

On  surface  of  schist. 

3 

50 

49 

6 

36 

37 

9 

25 

26 

12 

18% 

18 

The  observations  have  all  been  represent- 
ed graphically,  but  as  no  law  was  appa- 
rent, and  as  the  figures  can  be  easily  reprodu- 
ced, they  are  not  given.  The  first  table 
gave  the  most  regular  curve,  but  still  too 
angular  to  attempt  the  application  of  a 
mathematical  formula.  They  do  not  seem 
to  me  to  afford  a  basis  for  calculation,  as  to 
how  high  the  magnetic  influence  of  these 
rocks  could  be  detected.  I  have  an  im- 
pression, however,  without  being  able  to 
give  any  reason,  that  it  would  be  consider- 
ably less  than  one  half  mile,  which  was 
shown  to  be  the  distance  to  which  the  in- 
fluence of  the  same  rocks  extended  horizon- 
tally. I  cannot  consider  it  probable  that  a 
dip  would  occur  where  an  earth  covering  of 
over  2,000  ft.  exists,  if  such  a  case  were 
possible.     At  the  Champion  mine,  by  the 


aid  of  shaft  house  No.  2,  an  elevation  of  44 
ft.  above  the  ore  was  attained,  and  the  fol- 
lowing observations  made  : 


REMARKS. 


Elevation 

Vibrations . 

in  feet . 

I. 

II. 

III. 

0 

18 
32 
44 

19% 

19 

16  y3 
15  yx 

17  % 

17 
16  K 

23 

17 
16  % 
15 

Level  of  surface  of  ore 

in  shaft 
Surface  of  eround . 
Girder  of  shaft  house. 
Girder  of  shaft  house. 


At  other  points  at  the  Champion  mine,  25, 
32,  33  and  40  vibrations  were  observed,  the 
compass  being  within  5  ft.  of  the  ore.  The 
diminution  here  is  quite  regular  and  nearly 
as  the  distance.  If  the  rate  continue,  the 
vibrations  should  reach  the  normal  number 
(6  for  the  instrument  used)  at  about  150  ft. ; 
but  it  is  highly  improbable  that  this  law 
would  hold  for  the  whole  height. 

The  difference  between  the  rate  of  dimi- 
nution at  the  two  localities  is  very  marked  ; 
at  Republic  Mountain  an  elevation  of  12  ft. 
in  one  instance  reduced  the  vibrations  from 
60  to  18^,  in  another  14  ft.  elevation  reduc- 
ed the  number  from  56  to  12.  At  the  Cham- 
pion 44  ft.  elevation  made  an  average  of 
less  than  4  difference  in  the  vibrations. 
In  this  comparison  the  following  geological 
differences  must  be  borne  in  rnind. 

The  Champion  deposit  at  shaft  No.  2  is 
a  heavy  bed  of  nearly  pure  black  oxide 
running  east  and  west  and  dipping  north 
at  an  angle  of  68  deg.,  and  it  is  the  only 
magnetic  rock  on  that  section.  The 
Champion  deposit  loses  its  magnetism  in 
going  west,  specular  slate  taking  the  place 
of  the  magnetite  in  that  direction.  The 
Eepublic  Mountain  bed  over  which  the 
observations  were  made  (No.  X.*)  is,  on 
the  contrary,  a  silicious  schist,  contain- 
ing not  to  exceed  33  per  cent  of  mag- 
netite (the  merchantable  ores  of  Eepublic 
Mountain,  of  which  there  are  large  depo- 
sits, are  in  bed  No.  XIII.,  and  are  mostly 
specular  hematites).  This  magnetic  bed  X. 
is  associated  with  others  of  a  similar  charac- 
ter, all  striking  north-west  and  south-east  and 
dipping  nearly  vertical.  The  specimens  of 
these  magnetic  schists  which  were  examined 
possessed  marked  polarity.  The  Champion 
deposit    evidently  contains  more  magnetite 


*  Th"  roman  numerals  refer  to  the  order  of  the  beds  of  the 
Hurouian  series  counting  upward  from  I.  to  SIX. 
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within  the  same  sphere  of  influence  than 
the  Republic  Mountain. 

There  is  no  doubt  that  variations  and 
dips  are  a  much  more  delicate  and  ready 
means  of  observing  slight  magnetic  attrac- 
tions, than  vibrations  observed  with  the 
rough  instrument  employed.  In  one  in- 
stance at  Republic  Mountain  the  dip  at  12 
ft.  elevation  was  30  deg.,  at  9  ft.  50  deg., 
at  6  ft.  70  deg.,  at  3  ft.  77  deg.,  at  0  or  on  sur- 
face of  rock  105  deg.  It  appears  that  the 
magnetic  poles  of  the  Champion  bed  are  more 
deeply  seated  than  those  at  Republic  Moun- 
tain, which  seem  to  be  at  the  surface.  This 
may  be  due  to  the  fact  that  the  upper  part 
of  the  Champion  deposit  is  mined  out. 
Sets  of  careful  observations  made  for  con- 
siderable heights,  both  for  dip  and  vibra- 
tions, would  possess  great  interest,  espe- 
cially if  made  over  beds  of  ore  or  rock,  the 
position  and  character  of  which  were  known. 
In  a  record  of  over  three  thousand  magnetic 
observations  made  by  me  in  Michigan, 
Missouri,  New  York  and  New  Jersey,  I 
have  not  in  more  than  six  instances  found 
the  needle  in  the  dip  compass  above  describ- 
ed to  vibrate  over  40  times  in  a  quarter  of 
a  minute,  and  in  no  instance  in  which  this 
rate  was  observed  was  the  needle  removed 
more  than  5  ft.  from  the  magnetic  mineral. 
Of  course  in  the  same  needle  the  vibrations 
will  vary  with  the  degree  of  magnetism  that 
has  been  imparted  to  it,  and  the  condition 
of  the  instrument  in  other  respects.  I  have 
had  a  rude  standard,  and  when  my  needle 
fell  below  that  it  was  overhauled,  so  that 
the  numbers  are  relatively  correct.  I  do 
not  remember  to  have  observed  over  15  vi- 
brations in  a  quarter  of  a  minute,  or  one  per 
second,  at  a  greater  distance  than  50  ft.  from 
a  magnetic  bed,  and  usually  this  number 
of  vibrations  would  indicate  a  distance  not 
exceding  25  ft.  in  the  Marquette  Iron 
Region. 

The  facts  given  above,  with  others  in  my 
possession,  enable  us  to  answer  provision- 
ally the  following  practical  questions  : 

I.  Can  we  by  means  of  the  magnetic 
needle  determine  the  order  of  superposition 
or  succession  of  beds  of  the  iron-bearing 
rocks  ? 

Comparing  the  magnetic  sections  obtained 
at  the  Republic  Mountain  and  Champion 
mine,  it  is  evident  that,  while  there  is  con- 
siderable variation  in  the  details,  the  salient 
features  agree  remarkably,  pointing  towards 
the  same  order  and  same  llthological  char- 
acter in  the  rocks.     A  number  of  other  sec- 


tions made  within  10  miles  of  the  above- 
named  localities,  across  the  same  belt  of 
rocks,  gave  the  same  general  result. 

It  is  therefore  asserted  with  much  confi- 
dence that  where  a  magnetic  section  similar 
to  these  is  found  in  the  Michigammi  dis- 
trict, a  corresponding  geological  section  will 
be  found  beneath  the  surface  ;  and  that,  as 
a  rule,  there  will  be  less  difference  in  the 
magnetic  sections  than  in  the  topographical, 
which  we  all  know  depends  greatly  on  the 
underlying  rocks.  But  whoever  expects  to 
find  many  places  where  so  complete  sections 
can  be  obtained  as  these  localities  afford, 
will  be  disappointed,  for  they  present  rare 
opportunities  for  studying  the  structure  and 
magnetism  of  the  Huronian  series. 

In  places  the  covering  of  the  drift  will  be 
so  deep  as  greatly  to  reduce  the  intensity, 
making  it  exceedingly  difficult  to  observe 
with  ordinary  instruments,  as  was  the  case 
at  the  Cannon  focation.  Again,  the 
lower  magnetic  rock,  beds  VI.,  VIII.,  and 
X.,  are  in  places  far  less  magnetic,  contain- 
ing sometimes  very  little  magnetite,  as  is 
the  case  south  of  the  Washington  mine.  In 
other  places  the  lower  magnetic  rocks  may 
be  entirely  wanting,  owing  probably  to  a 
fault,  as  at  the  west  end  of  the  Champion. 
On  the  north  shore  of  Lake  Michigammi 
there  is  a  magnetic  bed  above  XIII.  (the  ore 
formation), being  younger  than  any  member 
of  the  Republic  Mountain  series.  In  other 
places  XIII.  is  wanting,  and  when  present 
it  is  someftmes  highly  magnetic,  as  at  the 
Champion,  and  again  it  holds  very  little 
magnetite,  as  at  Republic  Mountain,  the 
pure  ore  there  being  mostly  specular  hema- 
tite, as  has  been  elsewhere  observed.  With 
all  these  uncertainties,  the  results  of  mag- 
netic surveys  cannot  but  be  valuable  in  the 
exploration  and  development  of  iron  proper- 
ties, and  in  the  solution  of  all  questions  of 
structural  geology  in  regions  of  magnetic 
rocks.  In  such  rocks  their  value  to  the 
geologist  is  only  second  to  topographical 
work,  and,  considering  the  cheapness  of 
magnetic  surveys,  they  may  often  pay  best 
if  mea/is  be  limited. 

Such  investigations,  if  made  with  pre- 
cision, ought  to  throw  light  on  the  litholo- 
gical  character  and  intricacies  of  structure 
of  these  rocks,  and  on  the  nature  of  the 
magnetic  force  resident  in  them.  This 
could  not,  however,  be  undertaken ;  the 
work  done  is  more  than  was  contemplated, 
and  more  than  was  justified  by  the  means 
at  my  disposal. 
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II.  Is  it  possible  to  determine  quality — 
i.  e.  the  percentage  of  iron — in  a  magnetite 
rock  by  means  of  the  magnetic  needle  ?  In 
other  words,  can  the  needle  alone  make  us 
sure  we  have  a  workable  deposit  of  ore  un- 
der our  feet  ? 

This  is  the  most  important  practical  ques- 
tion connected  with  this  subject,  and  is  the 
one  constantly  presented  to  the  miner  and 
explorer.  Magnetic  observations  should  al- 
ways be  made  in  connection  with  topograph- 
ical and  geological  surveys  ;  whether  these 
take  such  names,  and  are  based  on  instru- 
mentation, or  whether  they  be  such  rude 
work  as  the  explorer  is  constantly  doing, 
but  which  are  as  much  topographical  and 
geological  as  the  other,  and  often  quite  as 
valuable.  A  judgment  on  the  commercial 
value  of  a  magnetic  bed  for  mining  purposes 
should,  of  course,  be  based  on  all  the  facts 
available.  If  nothing  more  was  known  than 
what  the  magnetic  needle  revealed,  I  would 
say  that  it  was  injpossible  to  tell  with  cer- 
tainty whether  it  was  merchantable  ore  or 
magnetic  rock  which  produced  the  phenom- 
enon. In  the  Marquette  Region,  as  has 
been  before  observed,  the  chances  are  at 
least  fifty  to  one  that  a  worthless  ferruginous 
rock  was  the  cause  of  any  observed  attrac- 
tion. But  this  case  never  occurs  ;  we  always 
know  something  more  than  the  needle  re- 
veals. One  of  the  most  important  uses  of 
the  needle,  and  one  for  which  it  can  within 
certain  limits  be  depended  on,  is  in  tracing 
magnetic  beds  in  the  direction  of  their  strike 
until  some  outcrop,  which  may  give  us  the 
informatiou  sought,  is  found.  I  have  in 
this  way  traced  magnetic  beds  for  many 
miles  both  in  the  Marquette  Region  and  in 
New  York  and  New  Jersey. 

Preparatory  to  the  examination  of  any 
particular  range  of  ore,  the  explorer  should 
thoroughly  study  up  with  his  own  instru- 
ment the  phenomenon  presented  at  some  ex- 
posed or  developed  part  of  the  range.  This 
will  give  him  data  relating  to  variations, 
dips,  and  vibrations,  which  can  be  used 
where  the  rocks  are  covered  and  unknown. 
By  means  of  the  quickness  of  the  vibrations, 
or  of  the  rapidity  with  which  they  decrease 
as  the  compass  is  elevated,  he  may  judge 
approximately  of  the  depth  of  the  drift,  and 
so  of  other  phenomena. 

III.  Does  the  magnetic  needle  afford  the 
means  of  determining  the  absolute  thickness 
of  a  bed  of  magnetic  ore  or  rock  ? 

My  observations  do  not  permit  an  affirm- 
ative answer  to  this  question,  especially  if 


there  be  much  earth  covering.  A  study  of 
all  the  magnetic  sections  which  have  come 
under  my  observation  indicates  that,  while 
in  some  instances  the  comparative  width  is 
plainly  shown,  the  boundaries  between  the 
magnetic  and  non-magnetic  rocks  are  not 
generally  brought  out  sufficiently  to  warrant 
a  definite  expression  as  to  thickness.  We 
should  expect  this,  because  the  magnetic 
influence  is  centred  in  the  poles  of  the  mass- 
es, and  towards  such  points  the  needle  tends 
to  turn. 

IV.  Can  we  by  means  of  the  magnetic 
needle  ascertain  the  direction  and  depth  of 
a  local  magnetic  pole  ?  In  other  words,  can 
we  determine  the  thickness  of  rock  or  earth 
covering  which  overlies  a  given  magnetic 
rock  ? 

Often  I  think  we  can,  with  much  preci- 
sion, locate  a  point  in  the  surface  over  it  and 
determine  its  depth,  making  what  may  be 
called  a  magnetic  triangulation.  Proceed 
thus  :  Remote  from  any  magnetic  rocks, 
neutralize,  by  means  of  a  bar  magnet,  the 
earth's  influence  on  the  needle  of  a  solar 
compass.  The  needle  will  then  stand  indif- 
ferently in  all  directions,  and  will  not  vibrate. 
Record  carefully  the  distance  and  position 
of  the  neutralizing  magnet ;  the  compass  is 
then  ready  for  use.  Set  it  up  near  the  mag- 
netic pole  to  be  determined,  and  fix  the  mag- 
net in  exactly  the  same  relative  position  it 
had  before.  The  earth's  directive  power  on 
the  needle  will  again  be  neutralized,  and  the 
needle  will  point  as  near  towards  the  local 
pole  as  its  mode  of  mounting  will  permit ; 
mark  the  line  indicated  by  the  needle  on  the 
ground ;  remove  the  compass  to  one,  or, 
better,  two  other  positions,  and  repeat  the 
operation.  If  there  is  no  other  local  force 
to  interfere,  the  three  fines  must  intersect  in 
one  point,  which  will  be  directly  over  the 
pole  whose  position  is  sought.  By  using  a 
dip  compass  in  a  similar  manner,  it  is  evi- 
dent that  the  data  to  determine  the  depth, 
by  the  simple  solution  of  a  triangle,  would 
be  obtained. 

A  magnetic  needle  having  universal  mo- 
tion, such  as  was  described  above,  would 
evidently  determine  both  position  and  depth 
at  the  same  time ;  but  a  solar  compass 
must  be  used  to  fix  the  position  of  the  arti- 
ficial magnet  used  in  neutralizing  the  earth's 
face,  or  it  may  be  fixed  by  an  observation 
on  the  North  Star,  or  from  a  meridian  line 
brought  in  from  a  non-magnetic  area. 

V.  When  considering  the  magnetism  of 
the  rocks  of  the  four  great  geological  epochs 
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represented  on  the  Upper  Peninsula  of 
Michigan,  I  observed  that  considerable 
magnetic  variations  were  noted  by  the 
Federal  surveyors,  over  rocks  of  Silurian 
age,  which  had  never  been  observed  to  be 
in  themselves  magnetic.  In  some  instances 
these  variations  had  been  observed  over  a 
limestone,  supposed  to  be  Trenton,  and  at 
a  distance  of  75  miles  from  the  nearest 
Huronian,  or  other  (known  to  be)  magnetic 
rocks. 

This  phenomenon  may  be  due  either :  1, 
To  the  presence  of  magnetite  in  such  rocks, 
due  to  local  metamorphism  or  other  cause. 
2,  To  accumulations  of  magnetic  sand  in 
the  drift ;  or  3,  To  the  underlying  Huronian 
rocks,  which  may  be  supposed  to  exert  their 
influence  up  through  the  overlying  Silu- 
rian.* 

Without  having  made  a  study  of  any  of 
these  localities,  I  incline  decidedly  to  the 
latter  hypothesis,  as  embracing  the  known 
facts  better  than  either  of  the  others. 

Should  this  prove  true — and  I  hope  to 
settle  it  the  present  season — it  may  lead  to 
a  novel  and  interesting  application  of  the 
science  of  magnetism  to  some  of  the  most 
important  questions  of  geology — the  deter- 
mination of  the  thickness  of  sedimentary 
rocks  by  magnetic  triangulation  in  places 


where  it  would  otherwise  be  difficult  to  ar- 
rive at  such  thickness.  It  might  also  en- 
able us  to  work  out  the  structure  and  distri- 
bution, in  a  rough  way,  of  these  oldest 
rocks  which  underly  great  Silurian  areas, 
which  would  in  no  other  way  be  possible, 
thus  throwing  light  on  the  nature  of  the 
rocky  bottom  of  the  ancient  seas. 

On  the  same  principle  we  can,  of  course, 
trace  magnetic  iron  belts  under  water.  I 
have  in  many  instances  made  very  satisfac- 
tory magnetic  observations  from  a  canoe  in 
the  inland  lakes  of  the  Upper  Peninsula. 

The  bottom  of  Lake  Superior  may  be 
partially  mapped  out  in  the  same  way.  Silt 
and  sand  will  make  no  difference  with  the 
needle ;  it  looks  through  everything  but 
iron. 

I  have  endeavored  above  to  set  forth 
plainly  just  what  has  been  done  and  the 
results  obtained,  and  to  call  attention  to 
those  principles  which  underlie  the  use 
of  the  magnetic  needle  in  exploration  for 
iron  ores.  It  must  be  borne  in  mind  that 
the  time  and  means  at  my  disposal  were 
meagre,  my  instruments  imperfect,  and  I 
had  no  precedent  to  follow. 

I  am  persuaded  that  the  subject  is  worth 
the  attention  of  the  explorer,  miner,  geolo- 
gist, and  physicist. 


THE  POLLUTION  OF   EIVEES   BY   CHEMICAL  MANUFACTUKES. 


From  "The  Engineer. " 


The  late  lamented  Professor  Faraday  was 
celebrated  amongst  other  qualities  for  taking 
a  poetical  and  imaginative  purview  of  seem- 
ingly non-poetical  things.  Not  bending  to 
the  dictum  formally  enunciated  a  few  days 
ago  by  Professor  Tyndall  at  the  Poyal 
Academy  dinner,  that  whereas  painters 
worshipped  nature  for  her  beauty,  philoso- 
phers worshipped  nature  for  her  order  and 
her  truth,  it  was  a  happy  faculty  of  the  great 
philosopher  to  see  in  the  order  and  truth  of 
nature  the  highest  attributes  of  beauty. 

In  one  of  Faraday's  poetically  discursive 
lectures,  during  which  the  great  philoso- 
pher's imagination  gave  itself  the  very  fullest 
license  to  revel  without  overstepping  the 
boundaries  of  truth,  he  expatiated  on  the 
beneficence  of  nature  in  only  allowing  the 
harmless  elementary  bodies  and  their  in- 
nocuous compounds  to  present  themselves  to 

*  Rocks,  earth,  water,  and  air  are  equally  transparent  to 
magnetic  rays. 


the  world  in  their  free  state,  or,  as  the 
philosopher  put  it,  "  unchained."  He  led 
his  audience  away  enthralled  to  contemplate 
what  the  result  would  have  been,  for  in- 
stance, if  the  element  chlorine,  instead  of 
being  imprisoned  and  made  harmless  in  com- 
mon salt  and  other  naturally  occurring 
chlorides,  had  been  allowed  to  pervade  ani- 
mal and  vegetable  nature  in  all  the  full 
power  of  its  uncontrolled  energy.  Following 
out  the  idea,  he  passed  the  remaining  ele- 
ments one  by  one  in  review,  to  demonstrate 
that  which  every  reflective  mind  soon  recog- 
nizes to  be  the  truth,  viz.,  that  in  the  world's 
economy,  only  those  elements  are  met  with 
in  a  free  state  that,  like  oxygen  and  nitrogen, 
carbon  and  sulphur,  can  wreak  no  destruc- 
tion on  living  things. 

Exactly  so ;  but,  fortunately  or  unfortu- 
nately, just  as  one's  temperament  predisposes 
him  to  apprehend  the  case,  many  naturally 
noxious  things  become  useful  when  under 
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control ;  and  thus  it  is  emphatically  of  cer- 
tain noxious  elements,  and  compounds  of 
elements,  which  man  has  emancipated  from 
what  Faraday  termed  their  bondage,  and 
without  the  aid  of  which  under  due  control, 
much  of  our  civilization  would  decline  into 
the  barbarism  of  times  long  gone  by.  Pro- 
minent amongst  these  noxious  elements  is 
chlorine,  an  element  which  chemists  have 
set  free  from  its  prison  house  this  many  a 
long  year,  and  without  the  aid  of  which 
many  of  the  most  important  chemical  manu- 
factures could  not  be  prosecuted.  Without 
chlorine  the  process  of  calico  bleaching, 
instead  of  being  an  operation  of  hours  as 
now,  would  occupy  weeks,  or  even  months, 
as  heretofore.  Without  chlorine  some  of  the 
most  refined  processes  of  calico  printing,  as 
that  of  discharge  for  example,  would  be 
abolished ;  and  as  for  the  paper-makers, 
deprive  them  of  the  aid  of  chlorine,  and 
their  present  means  of  turning  to  account 
some  of  the  most  approved  paper-making 
materials  would  have  come  to  an  end. 
These  are  facts,  and  it  may  be  just  as  well 
they  should  be  maturely  reflected  on  by 
those  amongst  British  legislators  who  are 
so  strenuously  bent  just  now  on  the  main- 
taining of  British  rivers  in  a  state  of  primi- 
tive Arcadian  purity,  and  on  the  well-being 
of  fresh  water  fish.  The  problem  of  having 
your  cake  and  yet  eating  it,  has  no  more 
been  solved  than  that  of  squaring  the  circle, 
or  accomplishing  perpetual  motion ;  but 
certain  British  legislators  would  seem  to 
have  been  taking  up  the  problem  with  new 
hopes.  To  check  or  embarrass  the  prose- 
cution of  industrial  art  would  be  so  mani- 
festly opposed  to  British  national  welfare 
that  the  warmest  advocate  of  fresh  water 
piscicurcure  would  not  overtly  acquiesce  in 
it ;  but  we  feel  assured  if  the  desires  of  some 
gentlemen  and  their  supporters  are  fully 
carried  out  such  must  be  the  inevitable  re- 
sult. One  cannot  have  his  cake  and  yet 
eat  it.  Arcadian  purity  of  running  streams 
is  an  agreeable  condition  to  ruminate  over, 
but,  we  fancy,  one  not  possible  of  realiza- 
tion out  of  a  non-manufacturing  Arcadia. 
Were  the  unsullied  purity  of  running  water 
to  be  accepted  as  the  condition  of  first  im- 
portance in  every  locality  and  under  every 
possible  condition,  then  it  will  soon  become 
evident  that  many  other  operations  besides 
those  of  chemical  manufacture  would  have 
to  be  stopped.  Mining,  for  example,  is  a 
case  in  point.  The  wash  and  debris  of  al- 
most every  mineral  ore  is  injurious  to  fish 


and  to  vegetation.  The  debris  and  wash 
of  copper  mining  are  especially  noxious,  for 
the  reason  that  copper  is  one  of  the  metals 
that  tend  by  exposure  to  air  and  moisture 
to  generate  soluble  compounds,  it  being  an 
axiom  in  toxicology,  that  in  direct  proportion 
to  the  solubility  of  a  thing  naturally  poison- 
ous is  its  power  to  do  mischief.  Nobody 
dreams  of  shutting  up  a  productive  copper 
mine  because  a  neighboring  stream  has 
diminished  in  Arcadian  purity.  When  all  ha,s 
been  done  that  can  be  done  to  ameliorate 
the  evil  the  noxious  balance  is  accepted  as 
the  inevitable,  and  patiently  borne  like 
many  other  evils  for  the  sake  of  a  counter- 
balancing measure  of  good.  We  do  not 
deny  that  Parliamentary  action  has  done 
excellent  service  in  imposing  salutary  re- 
gulations for  the  conduct  of  certain  manu- 
factures, the  bye  products  of  which  without 
due  control  are  injurious.  The  most  pro- 
minent case  in  point  is  that  of  the  soda 
manufacture,  the  bye  product  (muriatic  acid) 
of  which,  if  liberated  into  the  air,  as  it  used 
to  be  liberated  before  the  ingenious  and 
effectual  process  of  liquid  condensation  by 
wet  coke  stacked  in  the  tall  chimneys,  was 
so  fatal  to  vegetable  life  as  to  prove  more 
than  a  nuisance — a  ruin  for  miles  around. 
Here  was  an  example  of  judicious  legisla- 
tive control ;  but  even  now  Parliament  has 
not  succeeded  in  preventing  the  condensed 
muriatic  acid  percolating  more  or  less  di- 
rectly to  the  nearest  accessible  watercourse. 
However,  the  aerial  nuisance  was  so  great 
that  no  one  now  complains  of  the  alterna- 
tive. The  Smoke  Consumption  Act  also 
has  been  of  some  avail,  though  even  in 
respect  of  this  we  are  of  opinion  that  cer- 
tain special  trades — that  of  baker,  for  in- 
stance— are  expected  to  accomplish,  under 
pressure  of  the  Smoke  Act,  that  which  is 
well  nigh  incapable  of  accomplishment.  So 
far  well ;  but  reverting  to  the  would-be 
Arcadian's  aims  and  aspirations,  we  do  not 
see  how  they  can  be  carried  out  without  in- 
flicting serious  prejudice,  if  not,  in  some 
cases,  stopping  altogether  the  prosecution 
of  many  chemical  manufactures.  The  cori- 
dition  is  especially  hard  for  the  paper-mak- 
ers. Without  chlorine  they  cannot  get  on 
at  all,  and  of  all  industrial  arts  this  is  per- 
haps the  one  that  most  of  all  needs  for  its 
due  prosecution  a  profuse  supply  of  water. 
It  would  be  desirable,  of  course,  if  possible, 
that  a  stream  should  flow  from  a  paper 
mill  as  free  from  extraneous  matter  as  on 
its  entrance.     This,  however,  does  not  he 
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■within  the  hounds  of  possibility.  Just  as 
reasonable  would  it  he  to  expect  that  the 
contents  of  a  laundress'  wash-tub  should 
be  as  uncontaminated  after  a  wash  as  be- 
fore. Alter  all,  it  may  be  as  well  that 
Arcadian  enthusiasts  should  remember  the 
fact,  that,  amongst  the  other  purposes  for 
which  water  was  given  to  the  world,  not  the 
least  important  or  the  least  obviously  indi- 
cated is  that  of  a  detergent.  Inasmuch  as 
annihilation  is  impossible,  then  it  follows 
that  if  man,  in  furtherance  of  his  legitimate 


needs,  brings  the  elements  from  their  pre- 
vious lurking  places  and  makes  them  work, 
when  the  work  is  done  he  must  dispose  of  them 
somewhere,  all  Acts  of  Parliament  notwith- 
standing. In  the  great  majority  of  cases 
he  has  only  the  choice  of  two  modes  of 
disposition — air  and  water.  Of  the  two, 
it  admits  of  demonstration  that  water  is 
most  eligible.  Better  of  the  two,  that  fish 
should  sicken  or  even  die  than  the  lungs 
of  man  should  be  diseased  and  vegetation 
perish. 


THE  MANUFACTURE  AND  WEAR  OF  RAILS. 

{Continued  from  page  95.) 


Mr.  H.  Conybeare  was  of  opinion  that 
the  section  of  a  rail  materially  affected  its 
duration,  and  that  this  was  especially  the 
case  as  regarded  the  design  of  the  head  and 
of  the  upper  surface  or  wheel-track.  It 
was  obvious  that  each  portion  of  the  rail 
had  its  special  and  definite  functions  and 
conditions  to  fulfil,  and  a  careful  consider- 
ation of  the  character  of  these  should  supply 
rules  that  would  regulate  with  certainty  the 
contours  and  the  dispositions  and  scantling 
of  the  metal  in  every  portion  of  the  section, 
that  would  best  conduce  to  the  fulfilment  of 
such  conditions. 

Some  years  ago,  having  occasion  to  de- 
sign the  rails  for  Irish  and  Welsh  railways, 
he  had  collected,  with  a  view  to  determine 
the  best  form  of  rail,  all  the  sections  he 
could  obtain  from  the  Welsh  iron-works, 
and  the  London  metal-brokers ;  and  he 
compared  and  collated  these  with  a  view 
to  ascertain  the  extreme  range  of  the  vari- 
ations in  practice,  and  the  limits  of  economy 
and  practicability  in  manufacture.  He  also 
calculated  the  strain  to  which  each  portion 
of  the  section  was  subjected,  and  considered 
the  conditions  it  had  to  fulfil,  and  the  extent 
to  which  these  conditions  were  complied 
with  in  each  example.  Having  done  so,  he 
endeavored  to  establish  definite  rules  which 
should  fix  absolutely  the  contour  and  the 
proportionate  scantling  of  every  portion  of 
the  rail  section.  These  he  had  since  car- 
ried out  in  practice,  and  the  results  arrived 
at  were  exhibited  in  the  following  diagrams 
and  Tables.  It  would  be  seen  that  the 
diagrams,  though  also  applicable  either  to 
the  T  rail  or  the  double-headed  rail,  referred 
more  especially  to  what  was  known  as  the 
Yignoles    section.      Everywhere  except   in 


England  the  double-headed  section  and  the 
chair  road  had  long  been  obsolete,  and  he 
thought  it  was  much  to  be  regretted  that  it 
was  not  so  in  this  country.  It  was  ob- 
viously essential  to  the  perfection  of  any 
system  of  permanent  way,  that  the  jointing 
of  the  rails  to  each  other,  and  the  mode  of 
attaching  the  rail  to  the  sleeper,  should  be 
of  such  a  description  as  to  insure  absolute 
uniformity  of  gauge  and  of  cant,  and  such 
as  to  admit  ot  no  jar,  shake,  or  movement, 
which  might  loosen  the  fastenings,  and 
thereby  induce  hammering  and  concussion, 
which  must  conduce  to  the  disintegration  of 
the  bearing  surface  of  the  rail,  and  to  the 
injury  of  the  roiling  stock  ;  and  judged  by 
this  canon,  a  Vignoles  rail,  directly  fastened 
by  fang-bolts  into  beds  planed  by  machinery, 
in  rectangular  sleepers,  was  as  superior  to  a 
road  in  which  chairs  intervened  between  the 
rail  and  the  sleeper,  as  the  best  road  of 
the  latter  description  was  to  the  old  stone 
sleepered  and  unfished  chair  road.  As  re- 
garded the  weight  of  the  rails,  it  was  pos- 
sible to  make  them  too  heavy ;  for  modern 
rails  failed,  not  through  their  deficient 
strength  as  girders,  but  through  the  defi- 
cient homogeneity  and  hardness  of  texture  in 
the  bearing  surface  presented  to  the  rails, 
which  induced  the  lamination  and  hammer- 
ing out  of  such  bearing  surface  under  the 
concentrated  pressure  and  violent  impact  of 
the  wheels.  It  was  essential  that  the  rails 
should  possess  an  amount  of  vertical  stiffness 
sufficient  to  confine  their  deflection  under 
the  passing  load  within  unobjectionable 
limits.  But  any  weight  or  vertical  stiff- 
ness in  excess  of  what  would  suffice  to  fulfil 
this  condition  was  absolutely  injurious  ;  for 
as  a  certain  amount  of  elasticity  was  essen- 
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tial  to  the  durability  of  the  rails,  an 
excess  of  rigidity  invariably  tended  to 
destroy  the  rail  surface,  by  acting  as,  an 
unyielding  anvil  placed  beneath  it,  be- 
tween which  and  the  hammering  action 
of  the  driving-wheels  the  bearing  surface 
of  the  rail  was  rapidly  beaten  out  into 
laminae,  and  so  destroyed ;  and  the 
heavier  the  anvil  the  more  rapid  was  the 
process  of  destruction.  If  extra  weight  and 
speed  of  traffic  were  to  be  provided  for,  im- 
proved quality  in  the  material  was  required 
rather  than  increased  quantity, — a  harder 
surface,  not  heavier  metal. 

Thus  the  rails  most  remarkable  for  their 
longevity  had  been  also  most  remarkable 
for  their  abnormal  weakness  and  deflecti- 
bility  as  girders  ;  for  example,  a  length  of 
25  miles  or  30  miles  of  the  original  perma- 
nent way  of  the  South  Western  Railway 
consisted  of  a  75  lb.  rail,  laid  on  transverse 
sleepers  5  ft.  apart  from  centre  to  centre. 
The  strength  of  such  a  rail  as  a  girder  was 
therefore  only  equal  to  that  of  a  bl-\  lb. 
rail  laid  on  3-ft.  bearings  ;  and  as,  accord- 
ing to  Barlow's  experience,  the  deflection  of 
the  same  rail,  when  supported  on  5-ft.  bear- 
ings, was  to  its  deflection  when  the  supports 
were  3  ft.  apart,  as  64  to  24,  the  flexibility 
of  this  rail  was  threefold  that  ,of  a  75  lb. 
rail  on  3-ft.  bearings.  Here  was,  therefore, 
a  permanent  way  abnormally  weak  and 
flexible,  its  strength  being  only  equal  to 
that  of  a  57^  lb.  rail  on  3-ft.  bearings,  and 
its  flexibility  at  least  four  times  greater 
than  that  of  a  75  lb.  rail  on  3-ft.  bearings. 
When  he  last  obtained  particulars  of  this 
permanent  way,  these  rails  had  been  laid 
down  for  eighteen  years,  and  were  still  in 
perfect  order.  He  believed  that  more  was 
lost  than  gained  by  increasing  the  weight 
of  even  a  double-headed  rail  above  70  lbs. 
per  yard,  which  appeared  to  him  to  be 
equal  to  the  heaviest  traffic  ;  and  with  cross- 
sleepers  equidistant  from  centre  to  centre, 
and  with  a  section  of  equal  weight  per  yard, 
a  Yignoles  road  was  stronger  and  stiller 
than  a  chair  road ;  for  the  bearing  of  the 
rail  on  a  chair  was  only  3  in.,  which  reduced 
the  clear  bearing  only  from  36  in.  to  33  in., 
the  square  of  which  was  1,089 ;  but  the 
bearing  of  the  Vignoles  rail  on  machine- 
planed  beds  was  from  9  in.  to  10  in.  accor- 
ding to  the  width  of  the  rectangular  sleep- 
ers used,  which  reduced  the  clear  bearing 
to  27  in.  or  26  in.,  the  squares  of  which 
were  respectively  729  and  676 ;  and  the 
strength  being  inversely  as  the  square  with 


the  sleepers  3  ft.  apart  from  centre  to  cen- 
tre, it  followed  that  the  strength  as  a  girder 
of  a  Vignoles  rail  would  be  to  that  of  a 
double-headed  rail  of  equal  weight  in  a  chair 
road  (the  sleepers  being  the  same  distance 
apart  from  centre  to  centre),  in  the  ratio  of 
1,089  to  729,  or  of  1,089  to  676,  or  nearly 
as  3  to  2.  He  therefore  considered  that  the 
weight  of  a  Vignoles  rail  should  never  ex- 
ceed 70  lbs.  per  yard,  nor  be  less  than  65 
lbs. ;  the  minimum  would  be  62  lbs.,  if  dog 
fastenings  were  substituted  for  through 
fang-bolt  fastenings ;  but  such  a  substitu- 
tion was,  in  his  opinion,  much  to  be  depre- 
cated. 

The  section  of  a  rail  admitted  of  three  prima- 
ry subdivisions — the  head,  the  vertical  web, 
and  the  foot.  The  same  division  applied  to 
the  double-headed  section,  merely  substitu- 
ting a  second  head  for  the  foot.  Thus,  the 
principles  on  which  the  rail  section,  shown 
in  Fig.  2,  p.  47,  as  outlined,  applied  equally 
to  the  Vignoles  and  the  double-headed  sec- 
tions. 

The  width  of  the  head  ranged  in  practice 
from  2|;  to  2£  in.  The  former  was  till  late- 
ly the  rule  in  England ;  but  the  flat-footed 
rails,  which  had  almost  superseded  every 
other  form  of  section  on  the  Continent  and 
in  America,  and  which  were  rapidly  gaining 
ground  in  England,  were  usually  only  2^  in. 
in  width  of  head.  In  Mr.  Brunei's  latest 
specification  for  a  75-lb.  double-headed  rail 
for  the  Eastern  Bengal  Railway,  the  width 
was  only  2.3  in. ;  on  the  Grand  Russian 
Railway  it  was  2.3  in. ;  on  the  Cane  Rail- 
way and  Swedish  Government  lines,  the 
same  ;  and  the  rail  of  the  Kustendjie  Rail- 
way, of  the  Royal  Swedish,  and  many  oth- 
ers, only  2.25  in.  He  considered  2.25  in. 
the  proper  width  for  hues  with  light  and 
medium  traffic,  and  2.3  in.  the  maximum 
for  lines  with  the  heaviest  traffic.  In  fact, 
it  could  be  demonstrated  that  nothing  was 
gained  by  increasing  the  width  above  2.3 
in.  If,  indeed,  the  wheel-treads  of  the  rails 
were  horizontal  planes,  and  the  peripheries 
of  the  wheels  truly  cylindrical,  so  that  the 
contact  or  bearing  of  the  wheel  with  and  on 
the  rail  were  conterminous  with  the  width 
of  the  latter,  there  would  be  a  manifest  ad- 
vantage in  making  such  bearing  surface  as 
wide  as  possible.  But  in  practice,  the  con- 
tact of  the  wheel  and  rail  at  any  one  mo- 
ment was  merely  that  of  a  cone  laid  trans- 
versely on  a  cylinder,  and  such  contact,  in- 
stead of  extending  the  whole  width  of  the  rail, 
would,  were  the  materials  unyielding  and 
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non-elastic,  be  a  mathematical  point  without 
length  or  breadth ;  and,  after  allowing  for 
elasticity,  the  actual  contact  at  any  one  mo- 
ment had  been  stated  by  Mr.  Brunei  never 
to  exceed  §  of  an  inch  in  width.  He  thought 
this  an  under-estimate ;  but,  however  that 
might  be,  it  was  obvious  that  the  width  of 
actual  contact  at  any  one  moment  could 
never  amount  to  any  considerable  fraction 
of  the  width  of  the  rail,  and  therefore  that 
nothing  could  be  added  to  the  width  of  ac- 
tual contact,  that  could  in  any  way  diminish 
the  stress  of  the  wheel  on  the  wheel-tread, 
by  increasing  the  width  of  the  latter  beyond 
the  limits  he  had  laid  down.  By  so  in- 
creasing the  width  of  the  rail-head,  the 
overhang  or  false  bearing  of  the  shoulder 
of  the  rail  over  the  vertical  web  that  sup- 
ported it  was  increased,  and  thereby,  pro 
tanto,  the  cross  strains  to  which  the  mate- 
rial of  the  rail  was  subjected.  The  contour 
of  the  wheel- tread  was  obviously  the  point 
of  paramount  importance.  It  was  by  the 
lamination  at  this  surface  that  the  rail  per- 
ished. It  was  the  weakest  link  in  the 
chain,  and  one  which,  from  the  peculiar 
and  exceptional  conditions  of  the  case,  could 
not  be  strengthened  adequately. 

In  ordinary  cases  of  engineering,  when  a 
structure  of  given  material  was  designed  for 
the  purpose  of  carrying  a  load,  the  amount 
of  such  load  was  first  ascertained  ;  secondly, 
the  ultimate  strength  of  the  material ;  and 
finally,  an  ample  margin  was  allowed  for 
safety.  For  example,  the  ultimate  strength 
of  wrought  iron  being  25  tons  per  sq. 
in.,  the  load  on  a  wrought-iron  girder 
bridge  was  not  allowed  to  exceed  5  tons 
per  sq.  in.  But  it  was,  unfortunately, 
impracticable  to  apply  this  rule  to  the  ap- 
portioning of  the  bearing  surface  of  the 
rails  to  the  load  on  the  locomotive  driving- 
wheels.  The  case  was  a  wholly  exeeptional 
one  in  engineering ;  for  not  even  the  small- 
est margin  for  safety  was  practicable.  It 
was  impossible  to  avoid  loading  the  bearing 
surface  to  an  extent  much  greater  per 
sq.  in.  than  the  greatest  that  any  such 
material  would  be  subjected  to,  if  it  could 
possibly  be  helped ;  for  the  point  of  contact 
of  the  wheels  with  the  rail,  supposing  the 
material  of  both  to  be  unyielding  and  non- 
elastic,  would  be  not  a  surface  at  all,  but 
merely  a  mathematical  point,  and  the  load 
on  the  driving-wheels  of  a  locomotive  was 
often  11  tons,  the  whole  of  which  might  at 
any  moment  be  thrown  by  a  jerk  on  a  single 
rail. 


The  only  circumstance  that  could  save 
the  bearing  surface  from  destruction  under 
such  an  emergency  was  the  elasticity  of  the 
wheel  and  the  rail,  which  allowed  the  per- 
iphery of  the  former  to  flatten  at  its  contact 
with  the  latter,  and  the  rail  surface  to  lap 
round  the  contact  of  the  wheel,  so  as  to 
convert  what  would  otherwise  be  a  bearing 
point  into  a  bearing  surface  ;  and  it  was 
desirable  to  encourage  this  action  as  much 
as  possible,  by  giving  the  rail  as  much 
elasticity  and  as  flat  a  bearing  surface  as 
was  compatible  with  the  observance  of  other 
essential  conditions. 

In  the  case  of  a  railway  with  a  central 
guide-rail,  it  was  obvious  that  the  wheels  of 
the  rolling-stock  should  be  perfectly  cylin- 
drical, and  the  wheel-treads  of  the  rails 
horizontal  planes.  In  such  a  case  the 
pressure  of  the  wheel-tyre  would  be  distrib- 
uted over  the  entire  width  of  the  rail — a 
condition  more  favorable  to  the  durability 
of  both  tyres  and  rails  than  when  the  pres- 
sure on  the  wheels  was  concentrated  on  a 
scarcely  appreciable  fraction  of  the  width 
of  the  rail — as  must  be  the  case  when  the 
wheel-tread  of  the  latter  had  for  its  contour 
a  circular  are.  It  should  be  attempted  in 
ordinary  practice  to  approach  these  condi- 
tions as  nearly  as  the  coning  of  the  wheels, 
coupled  with  the  clearance  or  play  of  -|ths 
of  an  inch  allowed  between  the  flanges  and 
the  inner  surface  of  the  rails,  and  also  the 
allowance  for  the  inaccuracy  in  the  gauge 
and  in  the  angle  of  the  wheel-cant,  due  to 
imperfections  in  the  laying  and  working  of 
a  chair  rod,  would  permit,  by  making  the 
radius  with  whi  ch  the  profile  of  the  wheel- 
tread  was  struck  as  large,  and  consequently 
the  arc  as  nearly  approximate  to  a  plane 
surface,  as  the  conditions  of  the  case  al- 
lowed. 

As  the  wheels  were  coned  to  an  inclina- 
tion corresponding  to  the  cant  of  the  rails, 
such  coning  would  perfectly  accord  with  a 
flat-headed  rail,  provided  the  relative  posi- 
tion of  the  wheel  and  the  rail  were  always 
kept  the  same  by  a  central  guide-rail ;  but 
the  play  allowed  between  the  flanges  and 
the  rails,  coupled  with  this  coning,  to  a  small 
extent,  and  the  inaccuracy  of  gauge  and 
cant  incidental  to  the  laying  of  a  chair 
road,  in  a  far  greater  measure,  caused  an 
appreciable  amount  of  angular  divergence 
between  the  profile  of  a  perfectly  flat  wheel- 
tread  and  the  rectilinear  profile  of  the  wheel- 
tyres.  Sometimes  the  latter  would  bear  on 
the  inner  edge  and  sometimes  on  the  outer 
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edge  of  the  former.  It  was  to  obviate  this 
that  the  wheel-treads  had  been  given  a 
rounded  contour.  The  principle  was  cor- 
rect ;  but  the  amount  of  such  rounding  could 
be  demonstrated  to  be  almost  inappreciable, 
and  was  generally  injuriously  overdone. 
The  proper  amount  of  rounding  to  be  given 
to  the  upper  surface  of  the  rail — viz.,  the 
radius  with  which  the  circular  arc  forming 
the  profile  of  the  wheel-tread  should  be 
struck — admitted  of  accurate  determina- 
tion. The  angle  of  the  arc  should  be  twice 
that  of  the  maximum  angle  of  divergence 
between  the  profile  of  the  cone  and  the 
wheel-tread,  supposing  the  latter  to  be 
flat. 

The  amount  of  the  portion  of  this  angle 
of  divergence  which  was  due  to  the  coning 
of  the  wheels,  and  the  clearance  or  play 
allowed  between  the  wheel  flanges  and  the 
inner  surfaces  of  the  rails,  might  be  thus 
determined.  As  the  amount  of  such  clear- 
ance only  allowed  the  wheels  to  deviate  | 
in.  on  each  side  of  their  centrical  posi- 
tion, and  as  the  inclination  of  the  side  of 
the  cone  of  the  wheel  line  was  only  -^th, 
the  utmost  limits  of  such  deviation  could 
only  raise  one  end  of  the  axis  ^Vth.  of  an  inch 
and  depress  the  opposite  end  to  the  same 
extent ;  and,  taking  the  length  of  the  axis 
in  round  numbers  as  60  in.,  this  would 
only  be  equivalent  to  an  inclination  of  ¥\jth 
of  an  inch  in  60  in.,  i.  e.,  of  1  in  1,200,  and 
the  angle  of  deviation  of  the  profile  of  the 
wheel  from  that  of  the  rail-head  due  to 
this  cause  would  be,  of  course,  the  same — 
that  was  1  in  1,200,  equal  to  an  angle  of 
1  min.  51  sec.  To  this  had  to  be  added 
the  angular  variation  in  the  cant  and  gauge 
of  the  rail  due  to  the  inaccuracies  incidental 
to  the  laying  and  wearing  of  a  chair  road. 
The  bed  of  the  chair  on  the  sleeper  was  10 
in.,  and  the  bed  was  cut  to  a  template ;  and 
if  the  limit  of  inaccuracy  in  the  cutting  and 
wearing  of  the  bed  were  assumed  to  be 
about  ^  in.  at  one  end  or  the  other, 
this  would  be  equivalent  to  a  variation  of 
l-j,  or  equal  to  an  angle  of  1  deg.  51  min. 
1  sec,  and  this,  added  to  the  angle  of  vari- 
ation due  to  the  coning  of  the  wheel  and 
clearance,  would  make  the  total  angle  of 
divergence  ABC  and  A'  B'  0'  on  Fig  1. 
equal  to  1  deg.  27  min.  51  sec. 

In  this  Fig.,  B'B  represented  the  bear- 
ing surface  of  a  rail,  say  2  in.  wide,  and 
A  B  and  A'  B '  the  extreme  positions  of  the 
wheel  tyre  on  such  a  rail,  supposing  it  flat 
topped ;  these  positions  being  inclined  to  the 
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rail  surface  at  an  angle  of  1  deg.  27  min. 
51  sec.  To  determine  the  radius  with 
which  the  profile  of  the  bearing  surface 
of  the  rail  must  be  described,  so  as  to  pre- 
vent the  weight  being  ever  thrown  exclus- 
ively on  either  edge  of  the  rail,  and  so  that 
each  portion  of  the  surface  might  take  its 
turn  equally  with  the  other  in  bearing  the 

Fig.  1. 


^-4 


Diagram  demonstrating  that  when  B'B  =  l'£in.,  and  the 
head  of  the  rail  is,  therefore,  2^  in.  wide,  a  radius  of  40  in. 
will  give  ample  curvature  for  the  wheel-tread. 

The  angles  DB'B  and  DBB  are  each  equal  to  SS  deg.  32 
min.  9  sec.  The  angles  C  B  A  and  C  B'  A'  are  thus  each 
equal  to  1  deg.  27  min.  51  sec,  and  B'DB  measures  2  deg. 
55  min.  42  sec. 

weight,  draw  through  B  and  B'  the  ex- 
treme points  of  contact  of  the  wheels  and 
rail  surfaces,  the  fines  B  D  and  B'  D  in  a 
direction  perpendicular  to  the  lines  A  B 
and  A'  B',  then  the  point  of  intersection  of 
BD  and  B'D  would  be  the  centre  from, 
which  the  circular  arc  forming  the  profile 
of  the  wheel-tread  should  be  struck  ;  for  it 
was  clear  that  the  profile  of  the  wheel  con- 
tour would  be  tangential  to  this  arc  in  every 
possible  position  of  the  wheels. 

The  angles  E  B'  D  and  E  B  D  being  ob- 
viously similar  angles,  therefore  B'  I)  B 
was  equal  to  twice  the  angle  ABC,  or 
2  deg.  55  min.  42  sec.,  and,  as  the  side  B' 
B  of  the  triangle  B'DB  was  equal  to  2  in., 
and  the  opposite  angle  was  equal  to  2  deg. 
55  min.  42  sec,  the  length  of  the  sides  B  D 
and  D  B  was  54  in.,  which  was,  therefore, 
the  radius  with  which  the  arc  forming  the 
profile  of  the  wheel- tread  should  be  struck. 
If  B'  B  was  equal  to  only  I3  in.,  this  radius 
would   be    equal    to  40.75    in.     This    al- 
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lowed  for  the  inaccuracy  of  laying  and 
wearing  incidental  to  a  chair  road,  but  with 
a  Yignoles  rail  a  much  flatter  one  would 
suffice.  He  was,  therefore,  warranted  in 
adopting  40  in.  as  the  proper  radius  of  the 
profile  of  the  wheel-tread  in  all  cases. 

Fig.  2. 


Construction  of  Rail  Section.     Half  full  size. 
The  wheel-tread  has  a  radius  of  40  in. 
The  vertical  web  is  profiled  with  a  radius  of  12  in. 
The  upper  and  lower  fish  planes  are  at  an  angle  of  60  deg.  to 
each  other. 

The  radius  with  which  the  shoulders  of 
the  wheel-tread  were  rounded  off  was  at 
first  only  \  in. ;  this  was  found  insufficient, 
and  the  present  practice  ranged  from  a 
radius  of  .45  in.  to  .7  in.  On  the  Grand 
Russian,  and  in  the  section  adopted  by  Mr. 
Samuel,  the  radius  was  only  .45  in.  In  the 
rail  chosen  by  Mr.  Fowler  for  the  Great 
Southern  and  Western  Railway  of  Ireland, 
and  also  in  the  Royal  Swedish,  the  radius 
was  .5  in.;  in  the  Great  Northern  of  France, 
.55  in.;  and  in  the  Eastern  Bengal  Railway, 
.6  in. 

The  radius  of  the  shoulder  should  not  be 
less  than  .5  in.  nor  more  than  .6  in.;  and,  in 
his  opinion,  the  former  dimension  answered 
all  necessary  conditions,  and  anything  more 
than  that  was  injurious,  as  detracting  from 
the  width  of  the  wheel-tread. 

The  flank  of  the  shoulder  should  be  ver- 
tical, as  the  proper  function  of  the  metal 
disposed  in  this  portion  of  the  section  was 
literally  to  keep  the  shoulder  up  to  the 
wheel,  and  it  was  obvious  that  the  best  dis- 
position of  material  for  this  object  was  to 
carry  down  the  flanks  of  the  shoulder  ver- 
tically till  they  met  the  upper  fishing  planes. 
This  disposition  of  material  had  also  the 
advantage  of  providing  a  better  bearing  for 
the  fish-plates. 

At  its  lower  termination  the  vertical 
plane  of  each  shoulder-flank  was  met  by 


the   surface  intended  to  receive  the  upper 
bearings  of  the  fish-plate. 

It  was  indispensable  that  the  upper  and 
lower  bearing  surfaces  of  the  fish-plate  and 
rail  should  fulfil  two  conditions  :  first,  that 
they  should  be  plane  surfaces  ;  and,  second- 
ly, that  they  should  be  equally  inclined  to 
the  axis  of  the  fish-bolt,  which  should  be 
placed  centrically  between  the  upper  and 
the  lower  bearing  surfaces. 

The  necessity  of  the  fulfilment  of  these 
conditions  appeared  to  be  obvious.  If  the 
surfaces  were  curvilinear,  the  principle  of 
the  wedge  was  excluded,  and  the  slightest 
inaccuracy  in  the  manufacture  would  pre- 
vent the  fish  from  obtaining  a  fair  and  con- 
tinuous bearing  on  the  rail.  It  was  equally 
obvious  that  the  bolt  which  pressed  these 
fish-plates  into  apposition  must  be  centrical, 
otherwise  the  pressure  upon  the  upper  and 
the  lower  bearing  surfaces  would  be  un- 
equal, and  the  fish  to  that  extent  defective. 
The  same  objection  applied  to  inclining 
the  upper  and  the  lower  bearing  surfaces 
of  the  fish  at  a  different  angle  ;  the  pressure 
on  the  upper  and  the  lower  bearing  of  the 
fish  would  in  that  case  manifestly  differ  in 
the  same  ratio  as  the  sines  of  the  angles  of 
their  upper  and  lower  bearing  surfaces,  and 
the  effect  would  be  the  same  as  if,  the 
angles  being  equal,  the  distance  between 
the  upper  fishing-plane  and  the  centre  of 
the  fish-bolt,  and  that  between  such  centre 
and  the  lower  fish-plane,  differed  in  the 
same  ratio. 

The  functions  which  the  vertical  web  had 
to  fulfil  were  simply  to  maintain  the  head 
and  the  foot  of  the  rail  in  the  same  relative 
position  with  itself  and  each  other,  under 
any  lateral  or  vertical  strains  to  which  they 
might  be  subjected  in  the  working  of  the 
line.  In  modern  practice  the  centre  thick- 
ness of  this  vertical  web  ranged  from  .55  in., 
which  was  little  more  than  the  nrinimum  to 
which  it  could  be  rolled  without  unduly  in- 
creasing the  cost  of  manufacture,  to  .7  in. 
A  favorite  dimension  for  the  centre  thick- 
ness of  a  rib  that  increased  in  thickness  to- 
wards its  junctions  with  the  head  and  foot  of 
the  rail  was  .6  in.;  but  .65  in.,  or  .7  in.  were 
common  dimensions  when  the  section  of  the 
vertical  web  was  parallel  throughout  from 
head  to  foot.  He  had  adopted  in  these 
Tables  (pp.  180,  181)  in  every  case  a  top  and 
bottom  thickness  of  .7  in.,  and  a  thickness 
at  the  centre  of  .6  in.,  the  profiles  of  the 
sides  of  the  vertical  web  being  circular,  and 
drawn  through  these  three  points,  i.  e.}  with 
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a  chord  equal  to  the  depth  of  the  web,  and 
a  versed  sine  equal  to  .05  in.,  i.  e.,  half  the 
difference  between  the  top  and  bottom 
width  .7  in,  and  the  centre  width  .6  in. 

Horizontal  lines  drawn  through  the  in- 
tersection of  these  arcs,  with  the  prolonga- 
tion of  the  fishing-planes,  formed  the  de- 
marcation between  the  head  and  vertical  web 
and  the  vertical  web  and  foot;  therefore 
any  one  of  the  41  vertical  webs  in  the  series 
given  in  the  Tables  (pp.  180,  181)  might 
be  joined  to  any  of  the  80  heads  or  to  any 
one  of  the  26  feet,  and  thus  about  32,000 
varieties  of  rail  section  might  be  formed 
from  such  combinations.  The  re-entering 
angle  between  these  arcs  and  planes  was 
filled  in  by  an  arc  of  .3  in.  radius. 

The  fixing  of  the  angle,  at  which  the 
fish-planes  converged  at  60  deg.,  was  the 
result  of  a  compromise.  Manufacturers 
preferred  a  larger  angle,  so  as  to  give  the 
head  the  pear-shaped  section  of  the  Erie 
rail ;  but  this  increased  the  foot  of  the  rail, 
and  rendered  it  difficult  to  form  a  good  fish, 
whereas  with  an  angle  of  60  deg.  as  strong 
a  fish  might  be  formed  as  had  ever  been 
made.  The  only  effect  on  the  fish  of  dimin- 
ishing the  angle  from  60  deg.  to  50  deg. 
was  that  in  the  latter  case  an  equally  strong 
fish  might  be  obtained  with  less  scantling 
in  the  fish-plates  and  fish-bolts.  But  no 
such  increase  of  scantlings  would  be  neces- 
sary with  the  insistent  fish. 

The  usual  depth  of  the  double-headed 
rail  was  5  in.,  but,  as  already  shown,  the 
strength  of  a  Vignoles  rail,  laid  on  sleepers 
3  ft.  apart  from  centre  to  centre,  exceeded 
that  of  a  double-headed  rail  of  equal  sec- 
tion and  depth  laid  on  sleepers  the  same 
distance  apart,  nearly  in  the  ratio  of  3  to  2  ; 
and,  therefore,  to  insure  the  same  strength 
and  stiffness,  the  depth  of  the  Vignoles 
rail  might  be,  as  compared  with  that  of  the 
double-headed  rail,  in  the  ratio  of  2  to  3. 
In  practice  the  depth  had  hitherto  been  in 
excess  of  this,  for  convenience  in  fishing 
only.  The  Royal  Swedish  rail  and  the 
Grand  Russian  rail  had  each  a  depth  of  4f 
in.  ;  the  Morayshire,  the  Kustendjie,  the 
Great  Southern  and  Western  of  Ireland, 
and  the  Swedish  Government  rails,  had 
each  a  depth  of  41  in.,  while  the  rails  for 
the  Cape  were  4^  in.  deep,  and  his  own  65^- 
lb.  section,  laid  on  the  West  Cork,  the 
Cork  and  Kinsale,  the  Cork  and  Macroom, 
and  the  Cork  and  Limerick  Direct  Rail- 
ways, had  a  depth  of  4.3  in.,  though  for 
heavy  traffic  he  made  the  depth  4.55  in. 


He  now  came  to  the  foot  of  the  rail.  The 
dimensions  of  the  trapezium,  C  D  F  B 
(Fig.  2.  p.  178),  which  formed  the  upper 
portion  of  the  foot,  and  the  sides  of  which, 
F  D  and  C  E,  constituted  the  lower  fish 
planes,  should  be  the  same  for  all  weights 
of  rail.  Its  top  width,  C  D,  was  .7  in.,  its 
bottom  width  2.1  in.,  and  its  depth  .45  in. 
From  C  and  D  the  profiles  of  the  upper 
surface  of  the  foot  extended  at  an  inclina- 
tion downwards  of  1  in  10,  till  they  attained 
the  full  width  intended  to  be  given  to  the 
foot,  and  from  these  terminations  vertical 
fines — G  I  H  K — were  dropped  .375  in.  in 
depth,  for  the  thickness  of  the  toe,  which 
was  fixed  by  manufacturing  considerations, 
and  was  the  same  in  all  cases,  and  a  hori- 
zontal line  drawn  through  I  to  K  completed 
the  profile  of  the  foot. 

The  width  of  the  foot  should  be  at  least 
sufficient  to  admit  of  through  fastening, 
consisting  of  bolts  passing  through  the 
sleepers,  fixing  into  fang-nuts  abutting  on 
its  lower  surface.  He  thought  the  practice 
of  nailing  the  rail  to  the  sleeper  by  exag- 
gerated brads,  called  dog-bolts,  could  not 
be  too  strongly  deprecated.  He  had  found 
a  width  of  4£  in-  sufficient  for  fulfilling 
these  conditions  ;  and  for  the  heaviest  traf- 
fic, it  appeared  to  him  that  a  width  of  5  in. 
was  ample.  If  this  width  were  exceeded, 
the  difficulty  of  rolling,  and  consequently 
the  cost  of  the  rail,  would  be  greatly  in- 
creased. 

He  was  aware  that  there  were  advocates 
for  making  the  foot,  or  lower  flange,  very 
wide  in  proportion  to  the  depth  of  the  rail, 
in  order  to  obtain  a  greater  amount  of  lat- 
eral resistance  ;  but  regarding  a  problem 
of  this  sort,  it  might  be  said  solvitur  ambu- 
lando.  The  Vignoles  section  had  long 
been  in  general  use,  both  in  Europe  and 
America,  and  on  both  continents,  after  ex- 
perience gained  over  a  period  of  ten  or  fif- 
teen years'  working,  and  on  a  length  of  over 
10,000  miles  of  radway,  a  width  of  4  in. 
had  been  found  sufficient,  and  was  still  ad- 
hered to.  And  if  a  base  of  4  in.  was  thus 
sufficient  with  only  dog-bolt  fastenings,  a 
fortiori,  must  a  width  of  4-i  in.  be  ample 
with  such  superior  attachment  to  the  sleep- 
ers as  was  effected  by  through  fastenings, 
such  as  fang-bolts. 

He  exhibited  a  diagram  containing  sec- 
tions of  30  heads  of  rails,  varying  in  top 
width  from  2.25  in.  to  2.5  in.,  the  bottom 
width  of  all  being  .7  in.,  and  in  depth  of 
shoulder   from   .9  in.   to   1.0  in.,  the  total 
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top     and     bot- 

the     thickness 

"weight    varying 


depth  ranging  from.  1.34  in.  to  1.521  in., 
and  the  weight  increasing  from  25.76  lbs. 
to  32.39  lbs.  per  yard.  On  the  same  dia- 
gram were  also  shown  41  vertical  webs, 
varying  in  depth  from  1.9  in.  to  2.9 
in.,  the  -width  at  the 
torn  being  7  in.,  and 
at  the  centre  .6  in.,  the 
from  12.2  lbs.  to  18.20  lbs.  per  yard.  There 
were  also  shown  26  sections  of  feet,  vary- 
ing in  depth  from  .898  in.  to  1.023  in.,  and 
in  width  from  4  in.  to  6^in.,  and  in  weight 
from  24.06  lbs.  to  39.43  lbs.  per  yard.  Every 
one  of  these  heads  would  fit  on  to  every  one 
of  the  vertical  webs  ;  the  number  of  com- 
binations of  the  30  heads  and  the  41  ver- 
tical webs  was  therefore  equal  to  30  X  41, 
or  1,230  ;    and  every  one  of  these   1,230 


combinations  of  heads  and  vertical  webs 
would  fit  on  every  one  of  the  26  sections  of 
feet,  making  the  total  number  of  com- 
binations 31,980  ;  the  rails  so  compounded 
varying  in  width  of  foot  from  4  in.  to  Q^2  m-> 
in  depth  from  4.1  in.  to  5.4  in.,  and 
weighing  from  62  lbs.  per  yard  to  90  lbs. 
per  yard.  The  last  weight  was  due  to  the 
combination  of  the  heaviest  head,  the  high- 
est vertical  web,  and  the  widest  foot. 

He  did  not  advocate  all  these  combina- 
tions or  any  extreme  weight.  He  only 
mentioned  the  number  of  possible  combina- 
tions to  show  that  the  Tables  covered  the 
widest  conceivable  range  of  practice. 
Neither  did  he  advocate,  for  light  or 
medium  traffic,  a  greater  width  of  head 
than  21  in.,  a  greater  width  of  foot   than 


Heads  varying  in   width  from   2.25   in.    to    2.5  in. 

and  in    depth 

Vertical  Webs  va^ing 

in  depth  from 

from  1  340  in.  to  1.521  in.,    and  in    weight  from  25.76  lbs.   to 

1  9  in. 

to  2.9  in.,  and 

in  weight  from 

32.39  lbs. 

12.2  lbs 

to  18.2  lbs. 

Width 

Depth 

Depth  to 

Weight 

Depth 

Weight 

Number. 

in 

in 

Bottom  of 

in 

Number. 

in 

in 

Inches. 

Inches. 

Shoulder. 

Lbs. 

Inches. 

Lbs. 

1 

2  25 

1.340 

-    .9 

25  76 

1 

1.9 

12.2 

2 

<i 

1.374 

-    .925 

26.32 

2 

1.925 

12  35 

3 

1C 

3.396 

-    .95 

26.88 

1  95 

12  5 

4 

11 

1.421 

-     975 

27.44 

4 

3.975 

12.65 

5 

" 

1.446 

1.0 

28.01 

5 

2.0 

12.8 

6 

2  30 

1.361 

"    .9 

26  55 

6 

2.025 

12  95 

7 

U 

1.366 

-    .925 

27.12 

7 

2  05 

13  1 

8 

(i 

1  411 

-   .95 

27.70 

8 

2.075 

13.25 

9 

4< 

1.436 

-    .975 

28.27 

9  

2.1 

13.4 

10 

11 

1.461 

1  0 

28.85 

10 

2  125 

13  55 

11 

2.35 

1.376 

-    .9 

27.33 

11 

2  15 

13  7 

12 

u 

1.401 

-    .925 

27.92 

12  

2  175 

13.85 

13 

ii 

1  426 

-     95 

28.51 

13 

2.2 

14  0 

14 

" 

1.451 

-     975 

29.10 

14 

2.225 

14  15 

15 

it 

1.476 

1.0 

29  69 

15 

2  25 

14.3 

16 

2.40 

1  391 

-    .9 

28.40 

16  

2  275 

14  45 

17  

it 

1.416 

-    .925 

29.00 

17 

2.3 

14.6 

18 

ii 

1.441 

-   .95 

29.60 

18   

2  325 

14.75 

19 

ii 

1.466 

-    .975 

30.20 

19 

2.35 

14  9 

20  

ii 

1.491 

1.0 

30  80 

20 

2  375 

15.05 

21 

2  45 

1.406 

-     9 

29.20 

21 

2  4 

15  20 

22 

it 

1.431 

-     925 

29  81 

22 

2.425 

15.35 

23 

ii 

1  456 

-    .95 

30.42 

23 

2.45 

15.5 

24 

ii 

1.481 

-    .975 

31.03 

24 

2  475 

15.65 

25..   . 

ii 
2.50 

1.506 
1  421 

1  0 
-    .9 

31.65 
29.89 

25 

26  

2.5 
2  525 

35.8 
35.95 

26 

27 

it 

1  446 

-     925 

30.52 

27  

2.55 

16.1 

28 

it 

1.471 

_    .95 

31  14 

28 

2  575 

16.25 

29 

ti 

1.496 

_    .975 

31.77 

29 

2  6 

16.4 

30 

ii 

1.521 

1.0 

32.39 

30 
31 
32. 

2.625 

2.65 

2.675 

10  55 
16.7 

16.88 

Constants. 

33  

2  7 

17.0 

In  all  cases,  the  width  of  the  top  of  the  foot,  of  the 

bottom  of  the 

34 

2.725 

17.15 

head,  and  of  the  top  and  bottom  of  the  vertical  web, 

was  .7  in.,  and 

35  .... 

2.75 

17.3 

the  profile  of  the  latter  was  struck  with  a  radius  of  12  in.       The 

36  

2.775 

17.45 

fishintc  planes  were  inclined  to  the  transverse  axis  of  the  rail  section  at 

37 

2.8 

17  6 

an-  angle  of  30°  ;  the  thickness  of  the  metal  at  the  toe 

of  the  foot  was 

38 

2.825 

17.75 

.375  in.  from  which  its  upper  surface  rose  at  an  inclination  of  1  in 

39 

2  85 

17.9 

10.     The  radius  of  the  wheel-tread  was  always  40  in., 

and  that  of  the 

40 

2  875 

18.05 

shoulder  .5  in. 

41 

2.9 

18  20 
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Bottom  Fanges  or  Feet,  varying  in  breadth  from,  4.0 
in.  to  6  5  in.,  and  in  depth  from  .898  in.  to  1.023 
in.,  and  in  weight  from  21.06  lbs.  to  39.43  lbs. 


Breadth  in 

Depth  in 

Weight  in 

No. 

Inches. 

Inches. 

Lbs. 

1 

4.0 

—.898 

24  06 

2 

4.1 

—  803 

24.64 

3 

4  2 

—.908 

25  22 

4 

4.3 

—.913 

25.81 

5 

4.4 

—  918 

26  40 

6 

4  5 

—.923 

27.00 

7 

4  6 

—  .928 

27.60 

8 

4  7 

—  933 

28.21 

9 

4.8 

—  .938 

28  82 

10 

4.9 

—  .943 

29.44 

11 

5  0 

—.948 

30.06 

12 

5  1 

—  953 

30.69 

13 

5.2 

—  .958 

31.32 

14 

5  3 

—.963 

31.95 

15 

5.4 

—  968 

32  58 

16 

5.5 

—.973 

33.22 

17 

5.6 

—.978 

33.86 

18 

5.7 

—.983 

£4  51 

19 

5.8 

—.988 

35.16 

20 

5.9 

—  .993 

35.81 

21 

6  0 

—  .998 

36.47 

22 

6.1 

1.103 

37.13 

23 

6.2 

1.008 

37.80 

24 

6.3 

1.013 

38  47 

25 

6.4 

1.018 

39  15 

26 

6.5 

1.023 

39.43 

4 1  in.,  a  greater  depth  than  4.3  in.,  or  a 
greater  weight  per  yard  than  65 \  lbs.;  or 
for  the  heaviest  traffic,  a  greater  weight 
than  70  lbs.  per  yard,  a  greater  width  of 
head  than  2.3  in.,  a  greater  depth  than 
4.55  in.,  or  a  greater  width  of  foot  than 
5  in. 

As  regarded  fastenings,  the  only  de- 
scription of  joint  now  employed  was  the  fish- 
joint  ;  and  of  this  there  were  two  varieties 
— the  suspended  and  the  insistent  fish.  The 
former  had  to  perform  two  functions,  the 
latter  only  one.  The  suspended  fish  had 
first  to  act  as  a  girder,  by  giving  vertical 
strength  to  the  joint  between  the  two  rails  ; 
the  fishes  required,  therefore,  to  be  as  long 
and  deep  as  possible,  to  be  fastened  by  four 
bolts,  and  to  have  the  bearing  edges  as 
nearly  horizontal  as  the  fulfilment  of  other 
essential  conditions  permitted,  in  order  to 
keep  the  ends  of  the  two  rails  in  accurate 
apposition,  so  that  the  joints  might  offer  no 
obstacle  to  the  smooth  moving  of  the 
wheels. 

The  insistent  fish  was  not  required  to  add 
to  the  vertical  strength  of  the  joint,  such 
joint  being  supported  by  the  joint  sleepers  ; 
the  only  lunction  it  had  to  fulfil  was  to 
maintain  the  extremities  of  the  contermi- 
nous rails  in  accurate  apposition.     For  this 


purpose  a  much  shorter  and  shallower  fish 
than  would  be  required  in  suspension  an- 
swered every  purpose,  and  there  might  be 
only  three  bolts  instead  of  four,  as  the  centre 
bolt,  acting  immediately  at  the  junction  of  the 
rails,  had  then  a  greater  power  of  holding 
them  in  accurate  apposition  than  it  could 
exert  in  any  other  position.  Moreover, 
there  was  no  occasion  to  sacrifice  the  section 
of  the  rails  to  the  perfection  of  carrying  out 
the  principle  of  fishing,  as  the  angle  ol  the 
bearing  surface  of  the  fish  was  compara- 
tively immaterial.  The  suspended  fish  was 
manifestly  defective  as  a  mechanical  ar- 
rangement, when  compared  with  the  sup- 
ported fish,  as  the  object  to  be  kept  in  view 
was  to  approximate  as  closely  as  possible  to 
the  conditions  of  a  bar  of  uniform  strength. 
Now  it  was  obvious  that  a  suspended  fish- 
joint  could  never  offer  nearly  the  same 
resistance  to  the  load  as  an  unjointed  rail  of 
the  same  bearing  length  ;  it  therefore  be- 
came necessary  greatly  to  diminish  the 
length  of  the  bearing  whenever  a  suspended 
joint  occurred,  and  this  inequality  of  bearing 
length  was  continued  throughout  the  length 
of  the  rail,  the  bearing  gradually  diminish- 
ing to  the  joint ;  and  as  the  resistance  was 
as  the  square  of  the  bearing,  this  inequality 
was  manifestly  incompatible  with  any  near 
approximation  to  the  conditions  of  a  bar  of 
uniform  strength. 

He  submitted  diagrams  showing  the  best 
arrangements  for  the  fished  joints  and  fast- 
enings for  the  Yignoles  rail.  It  would  be 
seen  that  the  fish  was  an  insistent  fish,  and 
that  it  was  a  double  fish,  horizontal  as  well 
as  vertical ;  for  the  wide  horizontal  under 
surface  of  the  rail  foot  was  kept  in  close 
juxtaposition  with  the  wrought-iron  bed- 
plate which  received  the  ends  of  the  rails, 
extending  the  full  width  of  the  rectangular 
joint-sleeper,  a  width  of  10  in.  on  lines  of 
light  traffic,  which,  if  thought  desirable, 
might  be  increased  to  12  in.  on  lines  of  the 
heaviest  traffic.  And  the  ends  of  these 
rails  were  fished  to  this  bed-plate  by  two 
horizontal  fish-plates  with  three  through 
fastenings  to  each  centre-bolt,  being  placed 
at  the  most  effective  point,  viz.,  the  junction 
of  the  rails. 

These  bolts,  three  on  each  side,  passed 
through  the  sleepers,  and  were  screwed 
underneath  it  to  a  bar  f  in.  by  2|  in.,  acting 
as  a  common  nut  to  the  three  bolts,  thus  mak- 
ing the  rails  practically  a  continuous  bar  of 
uniform  resistance,  and  the  sleeper  one 
mass,  so  to  speak,  with  the  rails.     Joints  of 
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this  kind  were  quite  imperceptible  when 
running  over  the  line,  and  the  rails  approxi- 
mated far  more  nearly  to  the  conditions  of 
a  continuous  bar  of  uniform  resistance  than 
in  the  case  of  a  suspended  fish. 

There  might  be  an  advantage  in  using 
Parsons'  patent  bolts  for  the  fish  and  fang 
bolts.  He  had  never  tried  them  himself ; 
but  their  principle  was  that  of  equalizing, 
by  fluting  the  section  and  strength  of  the 
shank  to  that  of  the  screw-tapped  ex- 
tremity of  the  bolt,  so  as  to  obtain  uniform 
strength  and  elasticity  ;  this  was  undoubt- 
edly an  improvement. 

He  always  specified  for  fish-bolts  with 
their  inner  surface  concave,  and  the  corner 
well  preserved  instead  of  being  rounded  off ; 
by  this  means  the  bearing  took  its  grip  at 
the  greatest  possible  distance  from  the 
centre  of  the  bolt,  and  greater  leverage  was 
thus  obtained  to  counteract  the  tendency  of 
the  nut  to  untwist.  He  had  never  known 
such  nuts  to  work  loose. 

One  of  the  greatest  advantages  possessed 
by  the  Yignoles  road,  where  the  rails  were 
fixed  directly  to  the  sleepers  on  machine- 
planed  beds,  by  means  of  through  screw 
fastenings,  was  the  absolute  uniformity  of 
gauge  and  cant  of  rails  which  was  thereby 
insured,  and  which  rendered  practicable  a 
much  flatter  wheel-tread,  and  a  much  nar- 
rower clearance  than  could  be  attained  on  a 
chair  tine ;  and  these  advantages  greatly 
conduced  to  smooth  running,  and  the  pre- 
servation of  rail  surface  and  rolling  stock. 

The  introduction  of  the  Vignoles  rail  in 
this  country  had  been  greatly  retarded  by 
the  defective  manner  in  which  it  was  at  first, 
and  was  still  sometimes,  laid  down,  viz.,  on 
half-round  sleepers,  and  merely  secured  by 
spikes,  sometimes  without  even  a  nick  at 
the  end  of  the  rails  to  prevent  them 
from  travelling.  No  fine  of  Vignoles  rails 
should  be  passed  unless  the  sleepers  were 
rectangular  ;  for  the  bearing  of  their  sec- 
tion on  the  sleeper  should  be  at  least  equal 
to  that  of  a  chair  on  its  sleeper,  and  that 
amounted  to  40  sq.  in.  This  was  somewhat 
exceeded  on  a  rectangular  sleeper  of  9  in. 
wide,  which,  with  a  width  of  4.5  in.  for 
the  rail  foot,  gave  a  bearing  of  45  in.  for 
each  point  of  support ;  but  when  a  Vig- 
noles rail  was  laid  on  a  half-round  sleeper, 
scarcely  one-half  of  the  requisite  bearing 
could  be  obtained,  and  that  only  on  sap- 
wood.  Another  advantage  of  this  system 
was  that  with  3-ft.  bearings,  the  clear  bear- 
ing between  the  supports  was  diminished,  as 


compared  with  a  double-headed  rail,  from 
33  in.  to  26  in.,  and  the  stiffness  of  the  rail 
thereby  increased  inversely  as  the  squares, 
or  in  the  ratio  of  nearly  3  to  2. 

He  saw  no  reason  why  a  steel-headed 
rail,  of  the  Vignoles  section,  dovetailed  in 
the  manner  described  by  Mr.  Menelaus, 
should  not  last  as  long  as  one  entirely  of 
steel  at  double  the  cost. 

He  thought  it  would  be  admitted  that 
puddled  bars  made  the  most  enduring  rails  ; 
but  it  was  impossible  to  force  iron  of  this 
description,  with  rollers  such  as  were 
usually  employed,  into  the  slender  toes  of  a 
wide-footed  rail.  He  would  submit  that 
this  difficulty  might  be  overcome  by  em- 
ploying a  third  roller  set  transversely  to  the 
other  two,  for  rolling  the  under  surface  of 
the  foot,  an  expedient  very  generally 
adopted  on  the  Continent  in  rolling 
wrouglft-iron  girders  of  similar  section. 

Mr.  Gr.  B.  Bruce  said,  with  regard  to  the 
specifications  for  rails,  he  was  not  prepared 
to  throw  the  blame  upon  or  to  give  the 
credit  to  Boards  of  Directors,  or  foreign 
governments,  but  was  rather  disposed  to 
take  the  responsibility  upon  himself  in 
cases  in  which  he  was  concerned.  So  far 
from  the  iron-masters  having  any  reason  to 
complain  of  the  specifications  of  engineers, 
he  thought  that  they  had  learned  a  good 
deal  from  those  specifications.  The  mode 
of  manufacture  which  Mr.  Williams  had  so 
graphically  described  and  so  strongly  re- 
commended was  precisely  the  same  which 
many  engineers  had  long  given  in  their 
specifications,  and  which  the  great  bulk  of 
iron-masters  had  been  driven  to  adopt,  by 
the  engineers  so  requiring  the  puddle  ball 
to  be  hammered  in  the  way  described.  No 
doubt,  the  great  secret  of  a  good  rail  was 
that  it  should  be  homogeneous  ;  but  that 
was  not  the  sole  condition,  otherwise  it 
would  only  be  necessary  to  fall  back  upon 
the  old  cast-iron  rail,  which  was  homogene- 
ous but  brittle. 

He  was  ready  to  admit  that  in  the  matter 
of  rails,  as  well  as  in  many  other  things, 
tests  were  often  carried  to  an  injurious 
extent;  but  when  judiciously  applied,  they 
were  very  valuable.  When  specifications 
provided  that  a  rail  should  not  break  under 
a  certain  falling  weight,  and  yet  not  bend 
more  than  a  given  quantity, — these  condi- 
tions secured  the  possession  of  the  two 
requisites,  hardness  and  tenacity,  so  neces- 
sary for  a  good  wearing  and  safe  rail. 
He  was  disposed  to  think  that  steel  rails 
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were  not  altogether  perfect.  Out  of  one 
lot  of  200  tons  which  he  had  used  recently, 
five  of  the  rails  broke,  literally  on  being 
thrown  out  of  the  wagon ;  and  in  the 
present  process  of  manufacture,  individual 
steel  rails  were  as  likely  to  be  defective  as 
iron  rails,  and  could  not  be  implicitly 
trusted.  He  had  tested  some  fiat-bottomed 
steel  rails,  punched  in  the  lower  flange,  and 
had  observed  that  when  the  holes  were 
not  near  the  part  on  which  the  weight  of 
16  i  cwt.  fell,  the  rail  did  not  break,  though 
the  fall  was  20  ft.  But  if  the  same  rail 
was  so  placed  that  the  holes  were  in  the 
middle  between  the  points  of  support,  the 
rail  broke  at  a  blow  with  a  5  ft.  fall.  The 
holes  ought  to  be  drilled  and  not  punched 
in  every  case  when  dealing  with  steel 
rails. 

Mr.  R.  P.  Brereton  dissented  altogether 
from  the  view  that  good  iron  rails  could 
not  be  made  if  pains  were  taken  ;  or  that  it 
had  become  indispensable  to  seek  for 
other  materials,  such  as  steel,  except  for 
special  occasions.  There  was  as  yet  no 
sufficient  experience  of  the  effect  of  hard 
steel  rails  upon  the  tyres  and  rolling  stock, 
by  far  the  most  expensive  part  of  the  prop- 
erty belonging  to  Railway  Companies. 
With  regard  to  the  deterioration  in  the 
manufacture  of  rails,  when  these  had  to  be 
turned  out  quickly  and  in  large  quantities 
it  was  not  to  be  expected  that  they  should 
at  the  same  time  be  made  good.  There 
was  no  desire  to  produce  a  lasting  article  ; 
and  when  Railway  Companies  undertook  to 
make  their  own  rails,  they  did  not  make 
them  better  than  the  iron-masters.  He  had 
taken  the  pains  to  ascertain  what  had 
become  of  about  24,000  tons  of  rails  made 
in  Wales  in  1849  for  the  South  Wales 
Railway,  on  which  there  was  a  large  min- 
eral traffic.  It  was  100  miles  in  length 
and  was  opened  in  1850.  In  the  first  nine 
years,  out  of  the  24,000  tons  there  were 
only  about  1,080  tons  lost,  or  41  per  cent, 
of  the  original  quantity  ;  and  of  the  remain- 
der there  were  at  the  present  time  12,000 
tons  in  use,  and  wearing  out  at  the  rate  of 
about  5  per  cent,  per  annum  of  the  origi- 
nal quantity.  This  was  principally  at  sta- 
tions and  inclines  ;  and  switches  and  cross- 
ings of  the  same  iron  were  still  in  use. 
The  life  of  these  rails  had  already  averaged 
fifteen  years,  and  at  the  rate  now  wearing 
out  would  ultimately  average  seventeen.  If 
iron-masters  could  make  such  rails  years 
ago  they  could  make  them  now ;  but  an  in- 


ducement was  required  which  was  not  of- 
ered. 

M.  T.  E.  M.  Marsh  stated  that  the  rails 
alluded  to  by  Mr.  Brereton.  were  made 
from  cold-blast  iron,  and  a  great  part  of  it 
was  worked  into  refined  metal.  The  manu- 
facture was  well  cared  for.  Such  good 
rails  were  not  now  generally  made.  A  great 
demand  for  common  rails  had  been  met  by 
cheaper  and  inferior  material  and  processes. 
The  price  had  been  fixed  upon  a  slid- 
ing-scale  based  on  the  price  of  common  bar- 
iron,  which  was  somewhat  lower  than  the 
price  of  rails,  the  price  of  the  latter  being  then 
about  20  per  cent,  or  25  per  cent,  higher  than 
that  of  bar  iron  at  certain  works,  because 
it  was  supposed  that  rails  were  more  expen- 
sive to  produce.  To  this  was  added  from 
15s.  to  25s.  per  ton  extra.  Thus  assuming 
bars  to  have  been  at  £6  per  ton,  the  cost 
of  the  rails  would  have  been  from  £8  to 
£9  per  ton.  The  rail  was  made  from  pud- 
dled bars,  one  of  the  principal  advantages 
of  that  process  being  that  the  result  of  the 
yield  of  the  puddlers  might  be  tested  every 
day,  and  at  any  moment.  In  that  way  a 
good  welding  quality,  and  a  strong,  solid 
rail,  could  be  obtained.  The  rails  referred 
to  were  not  "  cold  short."  Puddle  balls 
might  be  badly  made,  and  in  fact  frequent- 
ly did  inclose  chilled  cinder  and  other  im- 
purities, which  would  cause  the  iron  to  be 
crushed  off  the  rail  in  large  pieces. 

In  some  districts  it  would  probably  be 
found  better  to  use  puddle  balls  direct,  and 
not  puddle  bars ;  but  the  quality  of  the 
materials,  processes,  and  appliances  of  the 
manufactures  must  be  judged  of  by  the 
engineer. 

Mr.  Marsh  then  referred  to  some  samples 
of  rails  he  had  placed  on  the  table  : 

No.  1.  Rail  and  piece  of  slab,  made  for 
Mr.  Brunei  by  Messrs.  Thorneycroft,  in  the 
year  1858 ;  also  small  experimental  lots, 
made  in  the  year  1848;  the  top  slab  being 
formed  out  of  a  single  bloom  of  charcoal 
iron.  The  rails  were  laid  on  the  Great 
Western  Railway,  and  were  doing  good 
service  now,  where  from  three  hundred  to 
four  hundred  engines  were  passing  over 
them  daily. 

No.  2.  Similar  to  No.  1,  made  by  Mr.  A. 
Hill.  The  top  slab  consisted  of  Bowling 
iron ;  used  in  the  year  1858  and  subsequent- 
ly, on  lines  in  charge  of  Mr.  Brunei,  for 
points  and  crossings,  with  very  good  re- 
sults. 

Nos.  3,  4,  and  11.  Specimens  of  puddled 
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steel  rail,  made  for  railways  in  charge  of 
Mr.  Brunei,  illustrating  apparently  good 
fracture  and  uncertain  welds ;  and  samples 
of  steel  tops  separated  by  wear.  These 
rails  were  generally  unsatisfactory. 

Nos.  5  to  9.  Specimens  of  rails  made  be- 
tween the  years  1846  and  1850  and  subse- 
quently, for  Mr.  Brunei,  being  of  the  class 
referred  to  by  Mr.  Brereton,  as  having  been 
laid  on  the  South  Wales  division  of  the 
Great  Western  Eailway,  between  Grange 
Court  and  Swansea,  a  distance  of  95  miles, 
where  they  were  subject  to  the  excessively 
heavy  wear  of  the  inclines  in  the  Neath  and 
Swansea  district. 

The  duration  of  the  bridge  rails,  of  which 
24,000  tons  were  laid,  was  shown  in  the 
following  statement : 

Worn  out. 
Tons. 
From  opening  of  line  in  1850  to  June  30,  1859 
"     June  1859  to  Julv  1863 

"    July  1863  to  February    1864 

"     February    1864  to  July 
"    July  1864  to  December 

"     December  1864  to  July 
"    July  1865  to  Decen  bar 

"     December  1865  to  July 
"    July  1866  to  December 

"    December  1866  to  July 


July 


1864 
1864 
1865 
1865 
1866 
1866 
1*67 
1867  to  December  1867 


1081 
4,598 
763 
494 
784 
942 
820 


12,148 

The  same  quality  was  also  laid  on  the 
Great  Western  Eailway,  the  Wilts  and 
Somerset,  exclusive  of  the  Bath  branch,  the 
Berks  and  Hants,  on  part  of  the  Oxford 
and  Birmingham,  and  on  heavily  worked 
parts  of  the  South  Devon  Eailway,  and 
generally,  with  few  exceptions,  on  other 
lines  forming  part  of  the  Great  Western 
system. 

The  merits  of  the  various  qualities,  and 
the  best  mode  of  obtaining  good  rails,  were 
continuously  and  rigorously  tested  by  Mr. 
Brunei,  and  the  best  results  were  invariably 
obtained  from  the  iron-master,  who  did  not 
object  to,  but  invited  and  approved  rigid 
inspection,  and  desired  to  have  the  benefit 
of  Mr.  Brunei's  valuable  experience,  and  to 
satisfy  him  that  all  details  were  carried  out 
to  insure  good  results. 

In  June,  1853,  Mr.  Brunei  addressed  a 
letter  to  twelve  of  the  principal  iron-rnasters 
in  these  terms: 

"  You  are  probably  aware  that  it  is  a 
very  general  complaint  amongst  engineers 
and  railway  companies  that  they  cannot 
now  obtain  with  any  certainty  rails  of  a 
good  quality. 

"  There  is  every  reason  to  believe  that  a 
little  more  care  and  skill  in  the  selection  of 


the  quality  of  metal,  at  all  events  for  a  por- 
tion of  the  pile  forming  the  rail ;  and  some- 
what more  care  bestowed  in  the  manufac- 
ture, would  secure  a  very  superior  rail  to 
those  now  generally  manufactured,  without 
any  very  great  increase  of  expense.  I  am 
desirous  of  obtaining,  to  lay  before  the 
Directors  of  the  Great  Western  Eailway 
Company,  proposals  for  the  manufacture 
and  supply  of  about  4,000  tons  of  such  su- 
perior quality  to  be  used  as  an  experiment 
upon  a  line  of  railway  where  there  will  be 
considerable  traffic. 

"  I  enclose  a  specification  of  the  rail  re- 
quired ;  but  I  should  prefer  leaving  the 
choice  of  means  to  those  whose  practical 
knowledge  must  be  much  greater  thaft? 
mine,  and  I  should  feel  satisfied  if  I  am  as- 
sured by  a  respectable  manufacturer  that 
he  will  undertake  to  use  his  best  endeavors 
to  meet  the  objections  raised,  and  to  make 
a  really  good  rail.  I  assume,  although  this 
is  a  time  at  which  you  are  all  very  inde- 
pendent of  orders,  yet  that  you  would  be 
glad  to  make  the  attempt  to  regain  the 
character  which  I  assure  you  English  rails 
are  fast  losing,  and  if  you  are  disposed  to 
make  a  trial  with  1,000  or  2,000  tons,  and 
will  state  the  mode  of  manufacture  you 
Avould  propose,  and  the  price,  I  shall  feel 
obliged.  The  delivery  should  be  immediate, 
or  at  all  events  early." 

Extract  from  Specification,  referred  to  in 
Mr.  Brunei's  letter,  for  Bridge  Rails  for 
Great  Western  Railway,  June,  1853. 
"  One-third  in  quantity  of  the  whole  pile 
from  which  the  rail  is  to  be  rolled  is  to  con- 
sist of  a  slab  of  a  single  piece,  forming  the 
whole  top  of  the  pile,  and  so  placed  as  to 
form  the  upper  portion  of  the  rail  when  fin- 
ished.    This  slab  shall  be  made  of  No.  2 
iron,  hammered,  or  of  such  other  defined 
quality  as  may  be  mentioiied  in  the  tender 
and  agreed  upon. 

"  The  rest  of  the  pile  shall  be  formed  of 
whole  lengths  of  bars,  and  no  rail-ends,  or 
awkward-shaped  pieces  of  scrap  shall  be 
used." 

Mr.  J.  Strapp  had  not  much  experience 
of  the  relative  values  of  steel  and  iron  rails 
on  the  South  Western  Eailway.  Some  steel 
rails  had  been  laid  down  four  years,  and 
during  that  time  about  10,000,000  tons  had 
passed  over  them  without  their  showing 
any  perceptible  signs  of  wear.  At  the 
same  time  iron  rails  had  been  down  in  the 
same    district   eight   years,    and    probably 
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from  19,000,000  tons  to  20,000,000  tons 
had  passed  over  them.  He  was  not  pre- 
pared, to  say  that  iron  rails  should  be  re- 
placed by  steel  rails  where  they  lasted  so  long. 
On  the  contrary,  he  thought  that  where  iron 
rails  would  last  over  six  years,  steel  rails,  at 
their  present  price,  could  not  be  substituted 
with  economy.  He  produced  two  speci- 
mens of  rails,  one  of  which  had  been  down 
twenty-five  years,  on  the  Gosport  branch, 
about  half  a  mile  from  a  station,  over  which 
not  more  than  4,000,000  tons  had  passed; 
the  other  had  been  down  eight  years  in 
Battersea  Fields,  and  over  this  17,000,000 
tons  had  passed ;  the  average  speed  of  the 
trains,  in  both  cases,  being  about  thirty 
miles  per  hour.  In  calculating  these 
weights  he  had,  of  course,  taken  one-half 
the  gross  weight  of  the  trains  passing  over 
the  one  line  as  that  due  to  duty  performed 
by  one  rail.  Time,  therefore,  was  not  al- 
ways a  guide  to  the  true  worth  of  rails. 

Mr.  Peter  Ashcroft  produced  some  speci- 
mens of  rails  which  had  been  used  on  the 
South  Eastern  Eailway.  Some  of  them 
had  been  down  twenty-four  years.  One,  an 
old  Dover  rail,  put  down  by  Sir  William 
Cubitt,  had  been  passed  over  by  one  hun- 
dred and  five  thousand  trains,  as  nearly  as 
could  be  estimated,  equal  to  13,000,000 
tons.  This  was  on  the  down  line,  near  the 
Dover  Station,  so  that  every  train  had  to 
pass  over  it.  Another,  of  which  the  maker 
was  unknown,  was  from  the  Rochester  and 
Gravesend  fine,  and  had  been  down  since 
the  year  1845.  It  was  only  a  66  lbs.  rail, 
and  the  quality  was  excellent ;  there  was  a 
large  quantity  of  similar  rails  still  down  on 
that  fine.  Another  specimen  which  had 
been  down  since  1865  on  the  Charing  Cross 
fine  between  Cannon  street  and  London 
Bridge,  was  known  to  have  had  a  hundred 
and  seventy  thousand  trains  passed  over  it, 
amounting  to  21,000,000  tons.  Only  one 
side  of  the  rail  had  as  yet  been  used  during 
the  two  years  and  eight  months  which  had 
elapsed  since  it  had  been  laid  down. 

He  thought  the  South  Eastern  Eailway 
Company  had  benefited  very  much  by  leav- 
ing, to  a  great  extent,  the  specification  and 
manufacture  of  the  rails  to  the  manufac- 
turers, subject  to  a  satisfactory  guarantee.* 

*  Extract  (rnm  the  South  Eastern  Railway  Company's  Speci- 
fication for  Rails: 

'•The  Directors  will  not  object  to  receive  tenders  for  the 
10,000,  5,000.  and  1,400  tons  of  rails  respectively,  manufac- 
tured according  to  the  iron-master's  own  specification,  pro- 
vided he  can  satisfy  them  of  the  sufficiency  of  the  material 
to  be  used  and  the  mode  of  manufacture,  and  enter  into  sur- 
eties for  a  guarautee  of  not  less  than  seven  years.  In  any  case, 


Mr.  Marsh  inquired  whether  the  guarantee 
had  worked  satisfactorily.  It  was  a  ques- 
tion of  what  rails  had  gone  back  to  the 
manufacturer. 

Mr.  Ashcroft  replied  that  one  manufactu- 
rer had  supplied  25,000  tons  of  rails,  and 
the  failures  had  not  been  more  than  1  per 
cent.  On  the  Charing  Cross  line,  where  the 
traffic  was  very  heavy,  193  trains  a  day 
passing  over  one  fine  of  rails,  the  failures 
were  as  much  as  10  per  cent.  Care  was 
always  taken  to  obtain  a  sufficient  bond  of 
indemnity  for  a  term  of  not  less  than  seven 
years  ;  and  for  five  years  on  the  Charing 
Cross  line. 

Mr.  W.  Mills  said  that  a  large  number  of 
steel  rails  had  been  laid  on  the  London, 
Chatham  and  Dover  Eailway.  On  a  length 
of  six  miles,  originally  laid  with  iron,  but 
which  had  been  relaid  with  steel  rails,  he 
had  reckoned  the  number  of  trains  which 
passed  over  three  different  parts,  and  had 
found  that  in  one  case,  8,500,000  tons  had 
been  carried,  in  another  case  8,750,000, 
and  in  a  third  9,375,000  tons ;  the  rails 
showed  no  appreciable  sign  of  wear.  Some 
steel  rails,  for  stock  rails  for  switches,  had 
been  laid  down  at  Stewart's  Lane,  where 
formerly  new  iron  rails  were  laid  on  an  aver- 
age every  three-and-a-half  months.  Those 
rails  had  been  down  three  years  and  three 
months,  and  were  now  in  good  order,  and 
would  probably  last  another  year  or  more. 
From  this  latter  instance  it  appeared  that 
the  power  of  resisting  wear  and  tear  in 
steel  rails  amounted  to  fourteen  or  fifteen 
times  that  of  iron  rails. 

Mr.  Joseph  Taylor  thought  it  would  be  a 
misfortune  if  the  impression  arose  that  the 
interests  of  manufacturers  and  engineers 
were  antagonistic.  Their  interests  must  be 
identical ;  the  only  difference  being  that  the 
engineer  wanted  the  best  rail  for  the  least 
money,  and  the  manufacturer  wished  to 
make  the  best  rail  he  could  and  to  get  the 
best  price  for  it. 

There  was  room  for  wider  difference  of 
opinion  as  to  the  best  means  of  obtaining 
the  best  rails,  and  the  question  seemed  to  be 
narrowed  into  that  of  specifications  or  no 

it  is  to  be  distinctly  understood  that  this  specification  is 
intended  to  convey  and  mean,  that  when  any  of  the  rails  are 
once  laid  down  and  being  run  over,  any  perceptible  lamina- 
tion, crushing,  splitting,  or  breaking  taking  place  within  the 
period  of  the  seven  years  (not  being  fair  wear  and  tear),  such 
rail  or  rails  shall  be  subject  to  a  total  rejection  without  being 
turned  over,  and  must  be  cast  aside  and  replaced  by  other 
sound  rails  at  the  contractor's  cost.  Those  rails  laid  down  at 
stations  and  within  the  distance  signals  are  excluded  fmm  the 
obligations  of  this  clause,  except  thtiy  are  found  unsoundly 
manufactured." 
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specifications.  He  was  not  prepared  to  say 
that  engineers  ought  to  throw  away  speci- 
fications altogether,  and  put  themselves  en- 
tirely into  the  hands  of  the  iron-master ;  but 
it  was  possible  that  specifications  had  been 
pushed  too  far.  He  believed  they  were 
framed,  in  the  first  place,  from  the  best 
possible  information  to  be  obtained ;  but  he 
thought  engineers  shut  themselves  out 
from  improvement  and  discovery  in  the 
trade,  when  they  adhered  for  some  years 
to  the  same  specification.  There  had  been 
some  inconsistency  in  the  way  manufac- 
turers had  been  compelled  to  work.  It  was 
only  reasonable  that,  if  a  manufacturer  was 
required  to  make  a  rail  to  produce  certain 
results,  he  should  be  at  liberty  to  make  it 
according  to  the  best  of  his  judgment. 
Specifications  had  apparently  been  directed 
too  much  to  the  production  of  a  high  qual- 
ity of  bar-iron,  to  the  neglect  of  the  wearing 
quality  of  the  metal.  The  heavy  falling 
test,  and  the  heavy  suspending  test,  tended 
to  produce  bar-iron  of  high  quality,  but 
that  iron  was  deficient  in  hardness  and  wear- 
ing quality.  A  little  hardness  might  be  ad- 
mitted into  the  manufacture  of  rails  with 
great  advantage  ;  and  yet  the  rails  should 
be  sufficiently  tough  to  resist  any  impact  in 
the  course  of  the  ordinary  traffic.  Con- 
sidering the  comparative  scarcity  of  steel- 
producing  ore  and  the  high  price  of  steel 
rails,  he  thought  that,  for  some  time  at 
least,  the  bulk  of  the  supply  of  rails  must  be 
from  iron ;  and  so  long  as  a  thoroughly 
good  iron  rail  could  be  made  for  from  £6 
10s.  to  £7  per  ton,  to  last  fourteen  or  sixteen 
years,  of  which  there  was  no  doubt,  he  did  not 
consider  that  the  days  of  the  iron-master 
were  numbered. 

Mr.  W.  Adams  stated  that,  in  the  month 
of  October,  1862,  20  tons  of  Bessemer  steel 
rails  were  laid  down  on  the  North  London 
Railway,  over  which  254,250  trains,  esti- 
mated to  weigh  38,137,500  tons,  had  passed. 
He  had  lately  measured  them  and  found 
that  they  had  worn  down  about  -^  of  an  inch. 
He  thought  that  each  head  might  wear 
down  about  ^  of  an  inch,  and  this  gave  the 
means  of  estimating  the  durability  of  the 
rails.  Between  13,000  and  14,000  rails  had 
since  been  laid,  and  he  was  informed  that 
there  had  not  been  a  single  failure  in  one 
of  them.  Some  crossings  leading  into  Dal- 
ston  Junction  had  been  laid  between  three 
years  and  four  years,  and  the  rails  were  still 
in  good  working  order. 

Mr.  Zerah  Colburn  had  received  a  letter 


from  the  general  manager  of  the  Erie  Rail- 
road, enclosing  a  report  to  the  Chairman  of 
the  line,  in  which  he  stated  that  during  the 
month  of  January  upwards  of  one  thousand 
rails  had  been  broken  on  that  fine,  and  also 
that  he  believed  the  month  of  February 
would  show  a  still  worse  result.  Another 
correspondent  had  informed  Mr.  Colburn 
that  within  his  knowledge,  on  the  Hudson 
River  Railroad,  a  double  line,  144  miles  in 
length,  in  one  day,  113  rails  had  been  found 
broken,  during  what  was  called  a  "  cold 
snap. "  He  had  received  a  letter  from  a  friend 
in  Eastern  Canada,  three  or  four  weeks 
ago,  where  possibly  the  temperature  was 
lower  than  on  the  lines  mentioned,  and  the 
mercury  at  the  time  the  letter  was  written 
was  14  deg.  Fahrenheit  below  zero.  At 
Toronto  there  had  been  unusual  cold,  and 
the  mercury  had  ranged  from  13  to  17  deg. 
below  zero.  He  had  no  reason  to  doubt 
the  statements  as  to  the  breakages  of  the 
rails. 

Rails  in  the  United  States  were  usually 
of  the  Vignoles  section,  and  weighed  64  lbs. 
to  74  lbs.  to  the  yard.  The  Manager  of  the 
Erie  Railroad  had  asked  his  Directors  to 
authorize  him  to  complete  the  renewals  for 
this  year,  to  the  extent  of  25,000  tons,  in 
steel,  and  not  one  steel  rail  had  broken, 
although  their  weight  was  only  56  lbs.  to 
the  yard,  and  some  steel  rails  had  been 
down  for  the  last  five  years.  He  might  add 
that  the  Hudson  River  Railroad  was  then 
being  entirely  relaid  with  steel  rails. 

Mr.  W.  Bragge  said,  in  reference  to  Mr. 
Colburn's  statement  as  to  the  serious  dis- 
aster on  the  Erie  Railway,  for  such  he 
called  the  great  destruction  of  rails,  the 
engineer  had  stated  that  the  month  of  Feb- 
ruary would  show  a  greater  destruction  of 
iron  rails  ;  but  he  went  on  to  state  that  the 
only  portion  of  the  line  on  which  trains 
could  run  with  safety  and  speed  was  that 
portion  laid  with  steel  rails,  and  that  no 
fault  could  be  found  with  the  ten  miles  of 
track  laid  with  the  Bessemer  steel  rails  ;  of 
these  only  one  had  broken  during  the 
winter,  and  no  lamination  and  very  little 
wear  was  perceptible.  It  should  be  borne 
in  mind  by  those  who  were  using  steel  rails, 
that  iron  rail-makers  had  the  experience  of 
thirty  or  forty  years  ;  whereas  steel  rail- 
makers  had  been  really  at  work  only  since 
the  end  of  the  year  1861.  Upon  him  first 
devolved  the  duty  of  offering  steel  rails  for 
sale  ;  at  that  time  the  steel  rail  was  looked 
upon  with  doubt  and  distrust,  and  only  by 
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offering  rails  to  make  into  points  and  cross- 
ings, on  trial,  to  be  paid  for  when  they  had 
earned  their  value,  was  it  possible  to  sell 
them  in  England.  He  claimed  for  the 
makers  of  steel  rails,  that  they  had  availed 
themselves  of  every  branch  of  scientific 
knowledge  which  could  be  brought  to  bear 
upon  their  work ;  and  he  contended  that 
the  progress  of  seven  years  had  not.  been 
unsatisfactory. 

Mr.  E.  Price  Williams  observed  that  on 
the  North  London  and  the  London, 
Chatham,  and  Dover  Railways  the  life  of 
iron  as  compared  with  steel  rails  was 
certainly  of  the  briefest,  while,  on  the  other 
hand,  the  iron  rails  on  the  Southeastern 
Railway  appeared  to  have  shown  an  amount 
of  endurance  almost  as  remarkable  as  the 
highly  phosphorized  iron  rail  on  the  North- 
eastern Railway. 

The   consideration   of  the   use    of    steel 


instead  of  iron  rails  was,  after  all,  an  en- 
gineering and  economical  question,  which  a 
more  extended  experience  of  the  superior 
endurance  of  steel  could  alone  determine. 
As  far,  however,  as  he  could  gather,  there 
could  be  no  question  as  to  the  preference  of 
steel  rails  on  main  lines  exposed  to  heavy 
traffic  and  high  speeds,  where  the  maximum 
life  of  iron  rails  did  not  exceed  eight  years. 
The  accuracy  of  the  data  on  which  the 
calculations  of  the  Author's  table  were 
based  had  been  called  in  question  ;  but  he 
had  carefully  gone  through  them  with  Mr. 
Sandberg,  and  had  found  them  perfectly 
reliable.  Objection  had  also  been  made  to 
the  extended  period  taken  for  the  life  of 
steel  rails  ;  he  apprehended  that  the  Author 
had  only  assumed  such  as  affording  the  only 
available  means  of  comparison  with  iron 
rails  of  a  proportionably  long  life,  such  as 
might    be    anticipated   where    they  were 


Tabular  Statement,  showing  how  an  Ann>rily  of  10s.  5^d.  per  Ton  will  Recoup  the  difference  between  Steel  and 
Iron  Rails  (£6  10s.  per  ton)  in  a  period  of  20  years. 


Dr.        Cash  advanced  at  5  per  cent,  interest, 
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exposed  to  the  small  wearing  action  of  light 
traffic.  He  thought,  however,  that  twenty 
years'  life  for  steel  rails  was  quite  suffi- 
cient for  all  purposes  of  comparison,  as  it 


was  evident  that  where  iron  rails  had  a  life 
of  even  fourteen  years,  it  was  cheaper,  at  the 
present  prices  of  steel  rails,  to  use  that 
material. 
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He  was  unable  to  comprehend  why  Mr. 
Bell,  at  the  outset  of  his  interesting  ac- 
count of  the  iron  rail  manufacture  in  the 
Cleveland  district,  should  lay  so  much  stress 
upon  the  superior  advantages  afforded  by 
the  process  of  puddling,  in  getting  rid  of 
the  phosphorus,  when  it  appeared  front  his 
subsequent  remarks  that  the  presence  of 
this  substance  in  certain  proportions  was 
essential  to  the  production  of  a  sound  and 
durable  iron  rail.  That  an  excess  of  phos- 
phorus did  conduce  to  the  hardness  of  iron 
rails  there  could  be  no  question ;  but  he 
thought  most  engineers  who  had  experience 
of  cold  short  iron  would  confirm  the  opinion, 
that  such  additional  hardness  was  obtained 
at  the  greatly  increased  risk  of  sudden  and 
perhaps  disastrous  breakage  of  iron  rails. 
He  was  disposed  to  think  that  the  efforts 
alluded  to,  as  being  made  to  produce  sound 
iron  rails  out  of  highly  phosphorized  Cleve- 
land iron,  would  prove  unsuccssful ;  if, 
however,  any  practicable  means  could  be 
devised  for  getting  rid  of  the  phosphorus, 
and  of  producing  good  steel  out  of  Cleve- 
land iron,  the  discoverer  would  undoubtedly 
confer  a  great  benefit,  not  only  upon  that 
district  but  upon  the  country  generally. 

He  had  prepared  a  tabular  statement 
with  the  view  of  showing,  that  when  com- 
pared with  the  present  and  future  advan- 
tages to  be  derived  from  the  substitution  of 
steel  for  iron  rails,  the  difference  in  first 
cost  was  not  of  the  importance  that  might 
at  first  be  imagined. 

It  would  be  seen  that  by  dealing  with 
the  difference  in  cost  between  iron  and  steel 
(£6  10s.  per  ton),  as  a  deferred  annuity,  the 
small  annual  payment  of  10s.  per  ton,  dur- 
ing a  period  of  twenty  years,  would  recoup 
the  principal  with  interest  at  5  per  cent, 
during  that  period.  He  might  mention  that 
on  the  main  fine  of  the  Great  Northern, 
where  the  average  life  of  an  iron  rail  was 
only  eight  years,  the  cost  of  renewals  of  the 
rails  alone  amounted  on  an  average  to  £1 
per  ton  per  annum.  It  was  evident,  there- 
fore, that  under  such  circumstances  the 
adoption  of  this  principle  of  deferred  annui- 
ties would  insure  a  saving  of  at  least  50 
per  cent. 

Mr.  Bidder,  Past-President,  had  never  in 
the  course  of  his  practice  pretended  to  dic- 
tate to  the  manufacturers  how  iron  should 
be  treated ;  but  he  had  always  endeavored 
to  obtain  the  best  quality.  Engineers  were 
often  overruled  by  their  masters,  the  Direc- 
tors; and   there  was  apparently  only  one 


species  of  test  they  were  capable  of  appre- 
ciating, and  that  was  the  lowest  price. 
Whether  as  regarded  locomotives,  or  steam- 
boats, or  the  manufacture  of  rails,  he  should 
consider  it  simple  affectation  to  assume  that 
he,  as  an  Engineer,  had  such  a  knowledge 
of  details  that  he  could  dictate  the  mode  in 
which  they  should  be  constructed  or  pro- 
duced. He  knew  one  instance  of  the  posi- 
tion he  desired  to  lay  down,  where  in  the 
case  of  some  steamships,  the  result  was 
that  when  a  sum  of  about  £120,000  had 
been,  spent  in  six  steamers,  five  had  never 
been  used  at  all ;  and  the  only  one  that  was 
used  did  not  make  a  single  voyage  without 
loss.  As  regarded  iron  rails,  every  manu- 
facturer, urged  by  his  own  particular  inter- 
est, directed  his  attention  to  the  mode  of 
manufacture  most  suitable  to  his  own  local- 
ity and  the  material  he  had  to  deal  with. 
Now  wherever  Mr.  Bidder  was  permitted  to 
have  his  way,  he  specified  what  he  wanted, 
the  test,  the  power  of  the  metal,  and  its 
other  qualities;  and  then  he  said  to  the 
manufacturer  that  was  what  he  required, 
and  those  were  the  tests  which  he  should 
apply ;  and  he  then  advised  the  acceptance 
of  the  tender  after  judging  of  the  character 
of  the  men  who  tendered.  He  necessarily 
inferred  that  they  were  men  satisfied  with 
their  own  mode  of  manufacture,  and  that 
he  might  rely  upon  them  to  make  the  iron 
in  the  way  they  stated.  By  that  means  he 
had  a  much  better  surety  than  if  he  had 
tried  to  force  upon  them  a  mode  of  manu- 
facture to  which  they  had  not  been  accus- 
tomed. 

With  regard  to  rails,  all  views  as  to  the 
peculiar  class  of  metal  suitable  for  rails  had 
been,  from  the  first  initiation  of  railways, 
subject  to  violent  anomalies.  He  remem- 
bered a  time  when  everybody  assumed  that 
only  cast  iron  was  fitted  for  rails,  when  all 
at  once  it  turned  out  that  wrought-iron  rails 
were  much  more  durable.  It  must  be  borne 
in  mind  that,  on  a  railway,  no  rail  could  be 
broken  by  pressure.  Take  a  bearing  3  ft. 
long,  and  an  engine  30  tons  in  weight,  roll- 
ing over  it  at  a  speed  of  40  miles  an  hour. 
It  was  well  known  that  in  3  ft.  a  rail  would 
bend  more  than  \  of  an  inch  before  it  would 
break ;  but  if  there  were  no  rail  at  all,  at 
40  miles  an  hour  the  wheel  of  an  engine 
would  not  deflect  the  ^th  of  an  inch  from 
gravity;  therefore,  if  a  rail  deflected  more 
than  |th  of  an  inch,  no  further  pressure  from 
the  engine  could  occur.  But  what  had  to 
be  dealt  with  in  rails  was  impact  and  rub- 
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bing;  the  latter  being  the  most  serious 
question.  He  did  not  know  how  a  test  for 
the  grinding  of  a  locomotive  wheel  could  be 
applied,  unless  by  means  of  a  huge  grind- 
stone; and  that  would  not  give  the  exact 
effect. 

Mr.  Bessemer  had  been  a  great  benefac- 
tor to  railways  and  metallurgy  in  general ; 
he  had  given  an  impulse,  the  effect  of 
which  could  hardly  at  present  be  foreseen ; 
but  he  believed  the  result  would  be  to  pro- 
duce eventually  a  cheap  and  good  rail.  He 
did  not  care  so  much  about  its  tensile  pow- 
ers, but  rather  its  capacity  to  sustain  the 
grinding  impact  of  a  locomotive  engine, 
running  at  the  rate  of  40  to  50  miles  an 
hour. 

At  the  present  day  the  popular  cry  was 
to  close  the  capital  account  of  companies. 
But  if  it  were  proved  beyond  doubt  that  a 
rail  which  cost  £14  per  ton  was  the  one  to 
be  adopted  in  lieu  of  the  present  rail  at  £7 
per  ton,  who  was  to  provide  the  extra  £6  or 
£7  per  ton?  On  railways  which  were  not 
in  a  condition  to  pay  any  dividend  at  all,  if 
the  capital  account  were  closed,  and  rails 
were  introduced  which  would  eventually 
produce  great  economy,  he  was  afraid  the 
result  would  be  equivalent  to  confiscation  ; 
for  suppose  some  10,000  tons  of  rails,  at  an 
extra  cost  of  £70,000,  were  laid  down,  and 
this  sum  were  to  be  taken  out  of  the  pre- 
ference dividends,  that  would  prevent  their 
receiving  any  dividend  for  the  time  being ; 
and  that  he  would  call  confiscation. 

Mr.  T.  A.  Rochussen  stated  that  the 
author  of  the  paper  had  mentioned  the 
mode  of  welding  first  brought  into  opera- 
tion at  Horde,  in  Prussia.  The  Plan  C 
(Plate  14)  was  first  adopted  in  the  year 
1851,  when  the  coal  and  mineral  traffic  had 
increased  to  such  an  extent,  that  the  ordi- 
nary iron  rail  did  not  suffice  to  resist  the 
increased  weight.  The  puddling  of  fine- 
grained iron  led  to  the  puddling  of  steel, 
which  not  only  was  applied  to  rails,  but  it 
gradually  became  a  staple  manufacture  of 
the  country.  About  two  years  previously 
he  had  produced  two  rails  manufactured 
according  to  that  process  ;  and  only  two  or 
three  days  ago  he  had  an  opportunity  of 
inspecting  some  of  the  same  rails  at  Ober- 
hausen,  where  they  had  borne  a  traffic  of 
42,000,000  tons.  The  rails  weighed  56  lbs. 
to  the  yard,  yet  only  one  side  was  worn  ; 
the  other  was  untouched,  and  these  rails 
would  probably  not  be  turned  for  another 
six  months.     That  welding  process  had  been 


carried  on  now  for  more  than  seventeen 
years,  and  was  still  largely  in  operation ; 
compound  rails  were  used  to  a  greater  ex- 
tent than  both  solid  steel  rails  and  solid  iron 
rails  together.  The  difficulty  of  welding 
was  greater  with  Bessemer  steel  than  with 
puddled  steel ;  and  it  had  been  found  neces- 
sary to  increase  the  weight  of  steel  in  the 
slab,  so  as  to  throw  the  weld  into  the  web, 
as  represented  by  Plan  A  (Plate  14).  This 
process  was  only  applied  to  the  Vignoles 
section  of  rail;  since  there  would  be  no  sav- 
ing in  having  the  reversible  opposite  head 
in  steel,  leaving  simply  the  small  piece  of 
iron  between.  It  was  very  difficult  to  get 
the  iron  web  from  the  steel  head  in  the  old 
rails. 

He  thought  that  the  fracture  of  Ameri- 
can rails,  which  had  been  mentioned,  was 
due  in  a  great  measure  to  their  unfavorable 
section,  which  was  too  shallow. 

The  Horde  works,  in  Prussia,  had  gone 
further  than  introducing  the  weld  of  steel 
and  iron.  They  had  for  a  number  of  years 
made  different  systems  of  iron  angle-bars, 
with  steel  heads  suspended  between  them. 
One  system,  which  he  exhibited,  had  been 
used  for  some  time  on  the  Brunswick  Pail- 
way,  and  was  a  most  advantageous  mode  of 
supporting  a  limited  amount  of  steel  by  a 
larger  web  of  iron. 

Mr.  Benjamin  Baker  observed  that,  in 
testing  an  iron  rail  against  one  of  steel,  of 
lighter  section,  but  of  equal  stiffness,  care 
should  be  taken  that  they  were  representa- 
tive rails  of  equal  average  quality;  so  that 
a  hard  steel  rail  might  not  be  tested  against 
a  soft  iron  one.  He  thought  engineers  had 
ample  data  to  enable  them  to  predict  what 
the  durability  of  such  rails  would  be.  The 
maximum  stress  on  the  rails  could  readily 
be  ascertained,  since  it  would  be  equal  and 
opposite  to  that  on  the  springs  of  the  engine, 
the  varying  deflections  and  corresponding 
pressures  of  which  might  be  noted  in  the 
ordinary  working  of  the  engine,  at  differ- 
ent rates  of  speed,  over  various  portions  of 
the  fine ;  the  stress  being  known,  the  strain 
and  deflection  might  be  accurately  comput- 
ed. The  comparative  stiffness  of  similar 
sections  of  steel  and  iron  rails  was  known 
to  average  as  4  to  3,  and  the  strength  as  5 
to  3.  It  followed  from  this  that  the  stiff- 
ness of  Mr.  Fowler's  84-lbs.  section,  if  rolled 
in  iron,  would  be  equalled  by  a  steel  rail  of 
similar  but  reduced  section,  Areighing  7:2  i 
lbs. ;  and  the  strength  would  be  equalled 
by  a  69  lbs.  steel  rail. 
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With,  the  section  of  rail  adopted  by  Mr. 
Fowler,  at  5  ft.  bearings,  the  solid  rails  bore 
a  deflection  on  an  average  of  10^  in. ;  those 
with  drilled  holes  only  2  J-  in. ;  while  those 
with  punched  holes  snapped  with  less  than 
•?ths  of  an  inch  deflection.  Those  rails 
were  manufactured  by  the  Dowlais  Com- 
pany from  tough  steel,  of  exceptionally  uni- 
form quality,  the  tensile  strength  varying 
very  little  in  any  experiment  from  35  tons 
per  square  inch;  and  the  breaking  weight 
applied  at  the  centre  of  the  5  ft.  bearings 
averaged  29  tons  for  the  solid  rails,  19|  tons 
for  the  drilled  rails,  and  only  13 1  tons  for 
the  punched  rails.  To  break  those  rails  in 
a  testing  machine,  at  the  rate  of  60  per  ruin., 
would  require  52  effective  horse-power  for 
the  solid  rails,  and  less  than  one  horse  for 
the  punched  ones;  and  the  knocking  about 
which  the  respective  rails  would  sustain, 
without  injury  in  ordinary  working,  would 
be  nearly  proportional  to  those  amounts. 
The  ultimate  deflection  of  the  punched  rails 
was  identical  with  that  of  cast-iron  rails  of 
similar  section;  hence,  in  one  sense  of  the 


word,  they  were  equally  brittle.  A  curious 
fact,  bearing  upon  the  position  of  holes  in 
the  flanges  of  rails,  was  worth  noting.  In 
the  rails  above  mentioned,  the  two  holes  at 
each  sleeper  were  placed  4  in.  apart,  meas- 
ured on  the  centre  line  of  the  rail,  and  on 
alternate  sides  of  the  web,  so  that  the  loss  of 
section  was  that  due  to  one  hole  only.  Now 
theoretical  considerations  indicated  that  the 
resistance  of  the  rail  would  be  increased  by 
making  another  hole  opposite  the  existing 
one,  notwithstanding  the  double  loss  of  sec- 
tion. It  seemed  rather  an  odd  way  of 
strengthening  a  rail,  to  punch  a  hole  lg  in. 
diameter  through  its  weakest  part ;  but  after 
making  every  correction,  theory  indicated  a 
gain  of  10  per  cent.,  and  this  result  was 
corroborated  by  direct  experiment.  It  was 
found  upon  trial  that,  whilst  with  one 
punched  hole  the  rails  broke  under  13^ 
tons'  pressure,  with  two  holes,  placed  oppo- 
site each  other,  of  similar  size,  they  sus- 


tained 14^  tons. 


[to  be  continued.] 
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To  the  Hon.  Henby  C.  Muepht,  President 
N.  Y~.  Bridge  Company. 

Sir, — I  have  the  honor  to  present  the 
following  report  of  the  operations  on  the 
East  River  Bridge  during  the  past  year  : 

On  the  Brooklyn  tower  the  masonry  has 
been  carried  up  within  20  ft.  of  the  road- 
way, and  is  progressing  steadily. 

On  the  New  York  side  the  whole  winter 
season  has  been  occupied  in  sinking  the 
caisson  for  the  New  York  tower. 

In  the  month  of  May  a  satisfactory  foun- 
dation was  reached  at  a  depth  of  78  ft.  be- 
low mean  high  water,  just  one  year  since 
the  launch  of  that  caisson.  The  operation 
of  filling  the  air  chamber  is  now  rapidly 
progressing.  When  this  is  completed, 
work  will  be  resumed  on  the  masonry, 
which  is  at  present  4  ft.  above  high 
water. 

To  such  of  the  general  public  as  might 
imagine  that  no  work  had  been  done  on  the 
New  York  tower,  because  they  see  no  evi- 
dence of  it  above  the  water,  I  would  simply 
remark  that  the  amount  of  masonry  and 
concrete  laid  on  that  foundation  during:  the 
past  winter,  under  water,  is  equal  in  quan- 


tity to  the  entire  masonry  of  the  Brooklyn 
tower  visible  to-day  above  the  water-line; 

I  also  take  this  opportunity  of  congratu- 
lating the  Board  of  Directors  on  the  success 
which  has  attended  the  last  of  the  two  great 
tower  foundations  of  the  East  River  Bridge. 
At  the  commencement  of  the  enterprise 
they  constituted  the  principal  engineering 
problem  to  be  overcome,  and  not  till  they 
were  accomplished  facts  could  it  be  said 
that  the  project  of  the  bridge  was  placed 
upon  a  firm,  immovable  footing. 

The  subsequent  building  of  the  towers 
and  of  the  superstructure  is  all  work  that 
has  been  done  before  on  a  smaller  scale, 
but  upon  the  tower  foundations  rests  the 
stability  of  the  entire  work.  The  whole  en- 
terprise depended  on  their  success.  Con- 
siderable risk  and  some  degree  of  uncer- 
tainty was  necessarily  involved  in  their  con- 
struction. 

These  have  all  been  overcome,  and  when 
we  see  the  New  York  tower  rising  above 
the  waters  of  the  East  River  this  summer, 
the  people  of  the  two  cities  will  acquire  in- 
creased confidence  in  the  early  realization 
of  a  work  so  essential  to  their  mutual  pros- 
perity. 
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THE   NEW    TORE    FOUNDATION. 

The  last  annual  report  contained  a  very 
full  and  detailed  description  of  the  sinking 
of  the  Brooklyn  caisson.  The  account  of 
this  work,  as  well  as  of  other  large  works 
executed  elsewhere,  has  made  the  operation 
of  caisson  sinking  familiar  to  all. 

It  is  therefore  proposed  to  touch  only 
upon  such  points  of  the  New  York  founda- 
tion wherein  it  differs  materially  from  the 
Brooklyn  foundation. 


The  borings  made  heretofore  on  the  site 
of  the  New  York  foundation  had  been  con- 
fined only  to  the  small  area  covered  by  the 
old  pier  29.  It  was  very  desirable  to  con- 
tinue them  over  the  remaining  portion  of 
the  foundation  as  soon  as  the  adjacent  ferry 
slips  were  vacated. 

This  occurred  at  so  late  a  day,  that  only 
four  more  boreholes  could  be  put  down  be- 
fore the  caisson  was  ready  for  sinking. 

The  knowledge  derived  from  nine  small 
boreholes  was  therefore  the  sole  information 
we  possessed  of  an  entire  area  of  17,500  sq. 
ft.  These  holes  being  moreover  confined 
to  the  outer  edges,  left  the  central  portions 
a  terra  incognita. 

The  results  showed  an  extreme  difference 
in  the  level  of  the  bed  rock  of  12  ft.,  the 
hole  of  the  least  depth  touching  rock  at  80 
ft.  below  high  water,  and  the  deepest  at 
92  ft. 

The  strata  consisted  in  the  main  of  a 
black  mud  deposit  of  12  ft.,  followed  by  a 
layer  of  coarse  sand  of  6  ft.,  which  overlaid 
a  gravel  bed  of  the  same  thickness.  Be- 
neath the  gravel  appeared  a  very  heavy  de- 
posit of  quicksand,  varying  from  15  to  20 
ft.,  according  to  locality,  and  abounding 
with  boulders  in  its  lower  portion. 

This  quicksand  extended  usually  to  within 
a  few  feet  of  the  rock,  and  in  some  instances 
to  the  rock  itself.  But  the  immediate  rock 
surface  was  covered  with  a  compact  layer  of 
material  through  which  it  was  impossible 
to  drive  a  6-in.  pipe  without  shattering  it. 
To  drive  the  pipe  one  inch  only  required 
thirty  blows  of  a  500-lbs.  hammer,  falling 
from  a  height  of  20  ft.  But  even  in  such 
material  the  quicksand  would  run  into  the 
pipe  from  below,  and  fill  it  up  for  several 
feet. 

When  the  sinking  of  the  caisson  com- 
menced, this  question  still  remained  un- 
decided, whether  to  go  to  rock  or  remain 
above  it. 


In  case  of  the  former  alternative,  we  had 
the  means  at  hand  for  blasting  the  entire 
rock  to  a  level  surface  if  necessary,  and  of 
removing  the  blasted  material,  at  an  addi- 
tional expense,  it  is  true,  of  several  hundred 
thousand  dollars  and  six  months  more 
time. 

Or,  in  case  the  material  on  the  rock 
proved  water-tight,  it  would  be  feasible  to 
sink  a  requisite  number  of  small  founda- 
tions to  the  bed  rock  sufficient  to  hold  the 
immediate  weight  above,  and  then,  by  a 
series  of  smaller  coffer-dams  or  cylinders, 
remove  the  remainder  of  the  material  and 
thus  get  a  uniform  mass  of  material  be- 
tween the  rock  and  the  roof  of  the  air 
chamber. 

The  only  course  therefore  left  open  under 
the  circumstances  was  to  proceed  with  the 
work,  and,  when  the  caisson  had  arrived 
within  a  short  distance  of  the  rock,  make  a 
sufficient  number  of  soundings,  and  then 
determine  upon  a  course  of  action  when  we 
were  face  to  face  with  the  material. 

The  character  of  these  boreholes  had 
also  made  it  apparent  that  any  single  plan 
of  operations  would  not  be  adequate  for  re- 
moving all  the  material  we  would  encounter. 
The  immediate  river  bed  consisted  of  logs 
and  loose  dock  stones,  followed  by  a  sticky, 
black  clay.  These  materials  could  evident- 
ly be  best  removed  by  dredges  working  in 
water  shafts. 

The  river  sand  and  firm  gravel  beneath 
would  be  easier  removed  through  pipes, 
either  by  pumps  or  the  air  pressure  di- 
rect. 

The  coarser  gravel,  however,  would  go 
to  the  water  shafts  ;  whereas  the  fine  quick- 
sand would  again  be  blown  out  through 
pipes,  until  the  preponderance  of  boulders 
and  small  rounded  stones  compelled  a  re- 
course to  the  water  shafts  again,  provided 
any  dredge  whatever  had  the  capacity  to 
remove  stones  imbedded  in  quicksand. 

For  a  direct  removal  of  material  through 
locks  no  special  means  were  deemed  neces- 
sary beyond  the  ample  facilities  afforded 
by  four  capacious  air  locks  already  at 
hand. 

PREPARATIONS    FOR   SINEINO   THE    CAISSON. 

Owing  to  the  vexatious  delays  in  obtain- 
ing possession  of  the  ferry  slips  adjoining 
Pier  29,  nothing  of  any  importance  could 
be  done  in  the  matter  of  locating  machinery 
or  workshops  until  August,  when  the  ferry 
boats  finally  ceased  running  into  their  old 
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slips,  and  the  new  boundary  line  -was  estab- 
lished between  the  property  of  the  Ferry 
Company  and  the  Bridge  Company. 

The  month  of  August  and  part  of  Sep- 
tember were  employed  in  building  a  pile 
dock  from  the  bulkhead  line  out  to  the 
caisson,  averaging  450  ft.  in  length  and  180 
ft.  in  width. 

At  its  outer  end  was  formed  a  square 
inclosure,  open  on  the  river  side,  for  the 
purpose  of  receiving  the  caisson  when  it 
was  ready  to  be  towed  up  from  the  Atlantic 
basin. 

The  amount  of  space  on  the  pier  line  was 
so  scant,  that  a  narrow  platform  of  10  ft. 
width  constituted  all  the  available  room 
between  the  sides  of  the  caisson  and  the 
fender  rack  of  the  ferry  on  the  one  side, 
and  the  crowded  shipping  of  the  adjoining 
slip  on  the  other,  showing  that  economy  of 
space  during  erection  is  not  the  least  of  the 
merits  of  caisson  foundations. 

INCLOSURE    OF   CAISSON. 

For  the  purpose  of  obtaining  still  water, 
the  caisson  was  surrounded  by  a  wall  of 
sheet  piling,  composed  of  white  pine  plank- 
ing 50  ft.  long  and  6  in.  thick.  This  served 
to  break  the  force  of  the  tidal  current,  which 
often  runs  at  the  rate  of  four  miles  per 
hour,  and  would  produce  a  pressure  of  90 
tons  against  the  structure  at  a  time  when 
it  is  most  important  to  have  it  stationary  in 
its  true  position — just  before  touching  bot- 
tom. 

This  entire  work  of  pile  driving  and  dock 
building  was  superintended  in  the  most 
efficient  manner  by  Mr.  George  McNulty. 

Within  the  inclosure  thus  formed  the 
bottom  was  dredged  to  a  uniform  level  of 
37  ft.  below  high  water,  by  means  of  the 
clam  shell  dredge  of  Messrs.  Morris  &  Cum- 
mings,  who  did  this  portion  of  the  work 
under  contract. 

They  removed  in  all  7,000  yards  of  ma- 
terial, of  which  1,500  yards  consisted  of 
dock  stone  and  logs. 

MACHINERY    AND    WORKSHOPS. 

On  the  pile  platform  thus  prepared  were 
erected  two  engine  houses  for  the  dredge 
machinery,  which  was  transferred  from  the 
Brooklyn  side,  and  had  been  enlarged  to 
correspond  to  the  increased  depth  to  which 
this  caisson  would  go. 

Two  double  hoisting  engines  were  set  up, 
both  for  unloading  stone  and  setting  stone 
on  the  caisson. 


Four  additional  double  engines  were  pro- 
vided for  unloading  sand,  gravel,  coal,  ce- 
ment, and  lumber,  for  hauling  dredge  cars 
back  and  forth,  pumping  gas  and  mixing 
concrete. 

The  principal  building,  however,  was  the 

COMPRESSOR    HOUSE, 

for  supplying  air  to  the  caisson. 

The  air  pumping  machinery  comprised 
thirteen  of  the  Burleigh  rock  drill  air  com- 
pressors, ranged  in  a  single  row  ;  each  dis- 
charging its  air  into  one  common  ten-inch 
main  overhead,  and  provided  with  suitable 
valves  to  shut  it  off  from  the  main  system. 

Every  compressor  has  its  own  steam 
boiler  of  the  vertical  tubular  type,  so  con- 
nected as  either  to  work  independently  or 
as  an  entire  set.  Pumps  for  cooling  the 
air  were  also  in  duplicate. 

Six  of  these  compressors  were  brought 
from  the  Brooklyn  caisson,  the  remaining 
seven  being  purchased  anew. 

From  the  compressor  house  the  air  was 
carried  by  a  ten-inch  cast-iron  pipe  through 
an  intermediate  air  reservoir,  for  a  distance  of 
150  ft.  under  the  dock,  to  the  caisson,  whence 
two  branches  of  six-inch  rubber  hose  con- 
tinued it  by  means  of  the  supply  shafts  to 
the  air  chamber  below. 

The  idea  governing  the  general  arrange- 
ment of  the  air  pumps  was  the  necessity  of 
an  uninterrupted  supply  of  air,  day  and 
night,  for  at  least  a  year,  under  a  constantly 
increasing  duty. 

This  could  only  be  done  by  a  number  of 
smaller  machines,  so  that  if  one  were  out  of 
repair  the  remainder  would  have  sufficient 
capacity  for  the  work. 

Besides  the  buildings  for  machinery  and 
offices,  a  number  of  sheds  were  erected  for 
the  accommodation  of  blacksmiths,  carpen- 
ters, machinists,  for  cement  and  for  gene- 
ral stores,  also  wash  rooms,  clothes  houses, 
hospital,  and  resting  rooms  for  the  caisson 
men. 

Three  unloading  derricks,  a  double  rail- 
road track,  and  two  overhanging  platforms 
comprised  the  preparations  on  the  dock  for 
supplying  the  caisson  derricks  with  stone. 

TOWING  THE   CAISSON  INTO  POSITION. 

All  preparations  for  receiving  the  caisson 
being  completed  by  September  11,  it  was 
on  that  day  towed  from  the  Atlantic  basin 
to  its  final  resting  place.  While  at  the 
basin  seven  additional  courses  of  timber  and 
concrete  had  been  built  upon  it  under  con- 
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tract  with  Mr.  D.  Burtis,  Jr.  All  the  outer 
seams  were  caulked  and  protected  by  felt, 
tin,  and  creosoted  sheathing.  The  various 
pipes,  shafts,  and  locks  were  also  carried 
up  the  necessary  height. 

This  work  was  very  carefully  attended 
to  under  direction  of  Colonel  Paine. 

Four  air  pumps  and  boilers  placed  on  the 
deck  served  to  inflate  the  structure  during 
the  voyage.  Its  draft  of  water  when 
empty  was  23  ft.,  reduced  by  inflation  to 
17. 

Total  weight  7,000  tons. 

Under  the  skilful  guidance  of  Capt.  Mur- 
phy, and  the  assistance  of  six  tugs,  the  trip 
was  safely  performed  in  two  hours  and  a 
half.  A  few  days'  work  then  sufficed  to 
complete  the  pile  enclosure  and  confine  the 
New  York  caisson  in  its  permanent  posi- 
tion. 

ADDITIONAL  TIMBER  COURSES. 

By  the  1st  of  November  the  last  of  the 
timber  courses  was  laid  under  the  Burtis 
contract. 

The  great  timber  foundation  was  now 
completed.  It  contains  22  ft.  of  solid  tim- 
ber above  the  roof  of  the  air  chamber,  seven 
courses  more  than  the  Brooklyn  caisson, 
and  since  the  strength  of  such  structures 
varies  as  the  square  of  the  depth,  we  may 
consider  it  to  be  nearly  twice  as  strong  as 
its  Brooklyn  brother.  The  result  has 
proved  this.  At  a  depth  of  78  ft.,  and  a 
load  on  its  back  of  53,000  tons,  not  the 
slightest  sign  of  weakness  or  crippling  has 
been  discovered.  No  deflection  has  been 
observed  in  the  roof,  even  when  the  main 
frames  and  edges  below  were  entirely  dug 
out  and  not  resting  on  the  ground.  The 
principal  object  of  these  frames  is  at  most  a 
precautionary  one,  besides  serving  to  fill  up 
the  air  chamber  to  the  extent  of  their 
bulk. 

OUTER    COFFER-DAM. 

An  outer  coffer-dam  has  been  carried  up 
outside  of  the  masonry.  It  is  composed  of 
upright  posts  12x12  placed  4  ft.  apart,  with 
an  outer  planking  of  white  pine  6  in.  thick. 
Shores  extend  from  each  post  to  the  ma- 
sonry, arranged  in  tiers  for  every  three 
courses  of  stone. 

The  coffer-dam  commences  7  ft.  below 
the  upper  course  of  timber,  where  it  is  at- 
tached to  the  caisson  by  a  heavy  creosoted 
sill  and  screw-bolts.  The  space  between  it 
and  the  timber  is  filled  with  concrete,  14  ft. 
in  height,  beneath  which  the  outer  cover- 
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ing  of  tin  extends  for  5  ft.  The  upper 
layer  of  timber  is  covered  with  3i  ft.  of 
concrete,  amounting  in  all  to  3,500  yards. 

Under  certain  circumstances  it  would 
have  been  possible  to  omit  this  outer  coffer- 
dam and  save  the  considerable  expense  at- 
tending it.  On  the  Brooklyn  foundation  no 
outer  coffer-dam  was  used,  the  depth  of 
water  being  too  shallow. 

In  any  case  it  was  necessary  to  carry  up 
the  dam  for  a  height  of  25  ft.  When  the 
last  course  of  timber  was  laid,  the  caisson 
was  still  floating  2  ft.  from  the  bottom  at 
low  water,  and  10  ft.  at  extreme  high  water. 
To  keep  it  on  the  bottom  at  extreme  high 
water  required  four  courses  of  masonry, 
and  when  inflated  with  air,  three  additional 
courses  were  required. 

Owing  to  the  rise  and  fall  of  the  tide  and 
the  great  top  weight  of  the  structure,  the 
requisite  buoyancy  and  stability  could  onlv 
be  attained  by  the  displacement  of  a  coffer- 
dam, especially  as  the  usual  appliances  of 
suspended  screws,  for  keeping  the  structure 
level  when  afloat,  were  obviously  inappli- 
cable. 

It  had  also  been  intended  to  surround  the 
tower  by  a  permanent  dock  of  stone  and 
concrete,  the  foundations  of  which  could 
now  be  laid  within  this  coffer-dam  at  a 
moderate  expense.  This  intention  was, 
however,  abandoned,  owing  to  the  necessity 
of  strictly  confining  the  expenditure  of 
money  to  the  bridge  proper.  At  present 
the  coffer-dam  has  been  designedly  filled  up 
with  sand,  and  forms  part  of  the  timber 
dock  extending  to  the  tower  masonry. 

It  will  last  for  fifteen  years  without  re- 
newal. 

The  coffer-dam  also  formed  a  protection 
to  all  the  caisson  pipes,  and  made  it  pos- 
sible to  repair  them  when  out  of  order. 

These  pipes  consisted  of  four  supply  shafts 
of  2  ft.  diameter  and  sixty  pipes  of  4  in.  and 
3  i  in.  None  of  them  were  built  in  the 
masonry,  but  came  up  between  the  wall 
and  the  coffer-dam. 

On  one  occasion,  through  the  accident  of 
a  large  stone  falling,  a  supply  shaft  was 
broken  off  at  the  timber  line,  and  would 
have  been  lost  but  for  the  coffer-dam.  But 
the  chief  benefit  derived  from  it  was  the 
fact  that  the  masonry  was  laid  below  the 
water  level  during  most  of  the  winter.  The 
work  of  sinking  the  caisson  could  therefore 
proceed  uninterruptedly,  no  matter  if  the 
masonry  stopped  on  account  of  the  cold 
weather. 
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INNER  COFFEE-DAMS. 

Two  smaller  inner  coffer-dams  served  as 
a  water-tight  lining  to  the  main  well  holes 
of  the  masonry.  AVithin  them  were  carried 
up  the  sections  of  water  shaft,  as  well  as  the 
curbing  of  the  air  lock  shafts. 

As  far  as  the  timber  extends,  this  curb- 
ing consists  of  a  boiler-plate  shell,  stiffened 
by  flanges  and  secured  to  the  timber  by 
wood  screw-bolts.  The  wooden  curbing  of 
6  in.  plank  was  notched,  dowelled,  and 
caulked,  and  further  protected  on  the  out- 
side by  a  ring  of  concrete  between  it  and 
the  inner  coffer-dam.  The  leakage  has  been 
practically  none. 

DERRICKS  AND  MASONRY. 

The  stone  were  laid  by  three  boon  der- 
ricks, similar  to  those  employed  on  the 
Brooklyn  foundation.  They  were  guyed 
solely  from  the  caisson  itself,  so  that  the 
settling  of  the  latter  did  not  disturb  the 
guys.  Every  20  ft.,  the  derricks  had  to  be 
raised,    an  operation  requiring  a  few  days. 

Twenty-five  courses  of  stone  have  been 
laid  on  top  of  the  timber,  making  a  height 
of  50  ft.,  and  amount  in  all  to  11,700  cubic 
yards  of  masonry. 

The  stone  are  all  bedded  down  to  a  uni- 
form rise  in  one  course,  with  joints  dressed 
down  to  moderate  projections,  the  rises  vary- 
ing from  20  to  30  in.  Both  granite  and 
limestone  were  used  indiscriminately,  the 
former  coming  principally  from  Maine, 
and  the  latter  from  Kingston,  Lake  Cham- 
plain,  and  Canajoharie. 

Owing  to  the  early  commencement  of 
winter,  much  of  the  stone  in  transit  for 
the  New  York  Tower  was  frozen  in,  and,  in 
order  to  keep  on  setting,  it  became  neces- 
sary to  use  all  the  backing  intended  for  the 
Brooklyn  Tower.  This  has  been  supplied 
since,  and  at  no  time  has  there  been  any 
stoppage  for  want  of  stone. 

During  the  severest  weather  work  was 
suspended  for  several  days  at  a  time,  the 
coffer-dam  preventing  the  river  from  cover- 
ing the  wall. 

WORK  IN  THE  AIR  CHAMBER. 

By  the  end  of  November  sufficient  weight 
had  been  placed  on  the  caisson  to  prevent 
its  rising  for  a  short  time  at  low  tide  when 
inflated. 

A  gang  of  laborers  commenced  work  for 
several  hours  every  day,  taking  up  the  floor 
of  the  air  chamber  and  removing  the  prin- 


cipal obstructions  in  the  shape  of  dock  logs 
and  stones  under  the  edges  and  frames. 

In  proportion  to  the  weight  above,  the 
length  of  time  spent  below  was  increased, 
until  two  regular  gangs  were  at  work,  four 
hours  on  and  four  hours  off,  the  caisson 
being  now  permanently  grounded. 

Each  gang  consisted  of  about  seventy 
laborers  and  seven  foremen.  In  a  short 
time  an  extra  night  gang  was  also  estab- 
lished. Two  weeks  were  consumed  in  remov- 
ing and  taking  out  the  floor. 

This  floor  proved  a  valuable  adjunct  in 
giving  the  caisson  a  level  bed  on  which  to 
rest,  and  in  preventing  it  from  tipping  up 
on  either  end  before  sufficient  weight  had 
been  placed  on  it. 

The  character  of  the  work  at  this  parti- 
cular time  was  more  disagreeable  than  at 
any  subsequent  period.  This  location  had 
for  many  years  been  the  site  of  the  princi- 
pal dumping  ground  for  city  garbage.  The 
mud  abounded  in  decaying  animal  and 
vegetable  remains.  Although  the  odor  of 
these  was  checked  while  imbedded  in  the 
salt  water  mud,  it  came  forth  in  its  original 
strength  when  brought  in  contact  with  the 
caisson  air.  More  men  were  overcome  by 
foul  air  than  by  compressed  air. 

By  keeping  the  material  constantly 
covered  with  water,  so  as  to  cover  the  odor, 
it  was  gradually  disposed  of  through  the 
water  shafts. 

This  black  dock  mud  is  really  a  clay,  and 
is  the  silt  brought  down  by  the  North  River, 
merely  lacking  time  and  pressure  to  make 
it  as  hard  and  tenacious  as  ordinary  clays. 
It  derives  its  black  color  from  sewer  dis- 
charges, but  is  by  no   means  their  product. 

The  coarse  river  sand  and  beach  gravel 
beneath  the  mud  soon  created  a  change  for 
the  better  below.  The  water  was  easily  ex- 
pelled by  the  air,  leaving  it  dry  under  foot. 

By  this  time  also  the  gas-lights  were  in 
complete  operation  in  all  the  chambers, 
giving  ample  light  in  every  part.  Two 
coats  of  whitewash  over  the  roof  and  walls 
aided  in  reflecting  it  and  making  the  air 
chamber  an  agreeable  spot  compared  with 
what  it  was  at  the  beginning. 

The  performance  of  the 


in  the  mud  and  coarse  sand  and  gravel  was 
very  satisfactory.  They  constantly  main- 
tained a  hole  about  6  ft.  in  depth  under  the 
water  shafts,  and  removed  from  300  to  40" 
yards  per  day. 
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Water  for  the  shafts  was  supplied  by 
two  sets  of  4  in.  pipes,  one  of  fresh  water 
irom  the  city  mains,  the  other  connecting 
with  a  force  pump  on  the  dock,  which  threw 
in  a  constant  supply  of  salt  water  under 
great  pressure,  and  proved  of  considerable 
use  subsequently  in  loosening  boulders 
under  the  water  shafts.  Owing  to  the  fact 
that  the  shafts  were  50  ft.  from  the  nearest 
edge  of  the  caissoD,  a  supply  of  water  from 
the  river  without  could  at  no  time  be  relied 
upon. 

THROWING  OUT  SAND  THROUGH  PIPES. 

About  fifty  pipes  were  located  in  the  roof 
of  the  caisson,  passing  up  through  the  tim- 
ber, and  discharging  above  beyond  the  coffer- 
dam.    In  size  they  varied  from  3^  to  4  in. 

The  precise  mode  in  which  they  were  to 
be  utilized  in  throwing  out  sand  had  been 
to  a  certain  degree  lelt  undetermined.  Two 
modes  were  applicable,  either  to  throw  out 
the  sand  by  direct  force  of  air,  or  else  have 
recourse  to  sand  pumps. 

Very  satisfactory  experiments  had  been 
made  the  year  before  in  the  Brooklyn  cais- 
son, in  throwing  out  sand  through  pipes  by 
air  pressure. 

The  same  mode  had  been  used  ten  years 
previously  by  Gen.  S.  Smith  and  Mr.  C.  0. 
Martin  in  blowing  sand  out  of  cylinders, 
and  more  recently  at  Omaha  under  similar 
conditions. 

The  apparatus  is  very  simple,  consisting 
merely  of  a  piece  of  pipe  and  a  through  way 
cock  extending  into  the  air  chamber. 

Moreover  the  objection  of  a  very  small 
air  space  to  draw  upon,  as  is  the  case  in 
pneumatic  cylinders,  would  not  apply  in  a 
large  caisson,  which  constitutes  a  large  re- 
servoir in  itself,  and  would  retard  any  rapid 
fall  of  pressure. 

Another  strong  reason  in  favor  of  the  air 
process  was  this:  an  air  chamber  with  an 
iron  skin  can  be  made  practically  air-tight, 
but  a  certain  quantity  of  air  must  be  thrown 
in  per  minute  to  keep  the  air  fresh  and  fit 
to  live  in.  This  air  would  usually  escape 
under  the  edges  and  do  no  work.  Now, 
why  not  allow  it  to  escape  through  pipes, 
and  at  the  same  time  carry  out  sand  with  it, 
and  not  be  wasted  ?  There  was  ample  air 
pump  power,  thirteen  compressors  having 
been  provided,  of  which  number  four  only 
were  required  to  supply  the  leakage,  but  six 
to  supply  sufficient  fresh  air. 

Any  other  mode,  howewer,  of  sending 
out  the  material   would  require  extensive 


provision  of  machinery,  in  the  shape  of 
pumps,  boilers,  and  pipes,  entailing  an  addi- 
tional cost  of  at  least  $40,000,  and  difficult 
of  application  for  want  of  the  required  space 
around  the  foundation. 

In  view  of  these  considerations,  it  was 
first  determined  to  give  the  air  system  a 
thorough  trial. 

The  result  has  been  eminently  satisfac- 
tory. At  a  depth  of  00  ft.  sand  was  dis- 
charged through  a  3i-in.  pipe  continuously 
for  half  an  hour  at  the  rate  of  one  yard 
in  two  minutes.  This  represents  the  labor 
of  fourteen  men  standing  in  a  circle  around 
the  pipe  and  shovelling  as  fast  as  their 
strength  would  permit.  At  this  depth  the 
supply  of  air  was  sufficient  to  supply  three 
pipes  at  a  time.  This  may  appear  a  small 
number  compared  with  the  whole  number 
of  pipes,  but  yet  was  enough  to  keep  at  least 
sixty  men  busy. 

The  labor  in  itself  is  very  fatiguing,  mak- 
ing frequent  resting  spells  necessary  ;  more 
hands  are  required  to  throw  the  sand  to 
the  pipes  than  to  feed  them,  and  a  large 
proportion  of  labor  is  expended  in  digging 
out  under  the  frames  and  edges. 

The  most  economical  mode  of  working 
these  pipes  was  made  the  subject  of  many 
trials  by  Col.  Paine  and  Mr.  Collingwood, 
the  engineers  in  charge  of  the  caisson. 
Trials  were  first  made  with  flexible  pieces 
of  hose  provided  with  strainers  at  the  end. 
These  became  choked  too  easily  both  in 
the  holes  of  the  strainer  and  in  the  hose. 
The  strainer  was  then  removed  and  a 
shorter  piece  of  vertical  hose  used,  in  con- 
nection with  a  piece  of  iron  pipe.  This  in 
turn  was  discarded  for  a  stationary  iron 
pipe,  extending  within  a  foot  of  the  ground, 
and  provided  with  a  stopcock  below  the 
roof. 

Around  the  lower  end  of  this  pipe  the 
sand  and  earth  were  heaped  up  in  the 
shape  of  a  cone,  while  another  workman 
attended  to  the  opening  or  shutting  of  the 
air  cock. 

As  the  pressure  increased,  the  lower  ori- 
fices of  the  pipes  were  reduced  to  3  in. 
and  finally  2  in.,  the  same  quantity  of  mate- 
rial being  reduced  with  a  smaller  loss  of  air. 

The  material,  of  course,  passes  out  with 
tremendous  velocity,  stones  and  gravel 
being  often  projected  at  least  400  ft.  high. 
When  the  feeding  below  was  too  slow  or 
irregular,  the  sand  would  be  thrown  very 
high,  but,  by  practice,  the  discharge  soon 
became  more  uniform. 
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In  order  to  deflect  the  sand  at  the  top  of 
the  pipe  at  right  angles,  both  wrought  and 
cast-iron  elbows  were  used  at  first.  The 
sand  blast  would  generally  cut  through 
these  in  an  hour  or  two,  sometimes  in  a  few 
minutes,  the  thickness  of  iron  being  1-i-  in. 
That  portion  of  the  elbow  struck  by  the 
sand  was  then  made  open,  and  provided 
with  a  thick  cap  of  chilled  Frank!  in  ite  iron, 
capable  of  being  reversed  when  worn  on 
one  spot.  These  would  at  most  last  two 
days.  Finally  all  elbows  were  taken  off, 
heavy  granite  blocks  placed  over  the  mouth 
of  the  pipes,  and  the  material  discharged 
against  them  into  the  coffer-darn. 

Several  minor  casualties  occurred  from 
the  discharge  of  stones,  su-oh  as  a  boatman 
on  the  river  having  his  finger  shot  off  and 
a  laborer  being  shot  through  the  arm  by  a 
large  fragment. 

Some  inconvenience  was  experienced 
from  the  wearing  out  of  the  ends  of  the 
pipes  below  in  the  air  chamber.  The  cocks 
also  wore  out  rapidly,  owing  to  careless  at- 
tendance in  not  opening  them  all  the  way. 
The  pipes  in  the  timber  did  not  wear. 
When  a  4-in  pipe  had  become  cut,  a  3-^-in. 
pipe  was  driven  inside  of  it,  then  a  3-in. 
and  at  last  a  2-in.  But  they  lasted  so  well 
on  an  average,  that  one-third  of  the  pipes 
were  never  used. 

QUICKSAND. 

When  the  quicksand  was  fairly  entered 
upon,  it  was  found  that  the  dredge  buckets 
no  longer  operated  to  any  advantage.  This 
sand,  in  combination  with  small  stones  and 
boulders,  will  compact  to  a  mass  as  hard 
as  rock,  which  cannot  be  penetrated  by 
the  teeth  of  a  bucket,  and  even  the  point 
of  a  crowbar  can  scarcely  be  driven  into 
it. 

Some  slight  relief  was  experienced  by 
the  use  of  a  hose  under  the  shaft  to  stir  up 
the  material,  but  even  then  the  sand  was 
so  fine  as  to  escape  through  the  slightest 
crevice  in  the  buckets. 

The  sand  pipes  became  henceforth  the 
sole  reliance,  and  answered  admirably, 
until  the  coarse  gravel  and  stones  became 
so  plentiful  as  to  choke  the  ends  of  the 
pipes,  making  it  necessary  to  stop  for  a 
moment  to  remove  the  stone. 

The  work  of  the  last  10  ft.,  from  68  to 
78,  was  on  this  account  very  tedious  and 
slow.  Previous  to  this,  the  progress  had 
at  times  averaged  a  foot  per  day  of  16 
hours,  implying  the  removal  of  650  yards 


per  day,  but  toward  the  end  this  rate  de- 
creased to  1  or  2  ft.  per  week. 

CUTTING  OFF  THE  WATER  SHAFTS. 

At  a  depth  of  68  ft.  a  number  of  boul- 
ders were  encountered  under  one  water 
shaft,  too  large  to  be  removed  either  by  the 
dredge  or  by  outside  appliances.  It  there- 
fore became  necessary  to  cap  the  shaft  and 
blow  out  the  water,  similar  to  the  opera- 
tion so  frequently  performed  in  Brooklyn. 
On  top  of  the  cast-iron  cap  was  placed 
one  of  the  old  air  locks,  so  as  to  afford  ac- 
cess into  the  shaft  hereafter. 

After  the  water  was  blown  out  and 
boulders  removed,  the  shaft  was  cut  off 
near  the  roof  of  the  air  chamber.  The 
same  process  was  repeated  with  the  other 
shaft.  During  this  time  the  caisson  was 
kept  from  sinking  by  banking  up  the 
frames  and  edges  with  earth. 

The  air  pressure  against  the  caps  of  the 
shafts  is  133  tons.  The  individual  sections 
had  been  tested  to  twice  this  pressure  be- 
fore, but,  by  way  of  precaution,  an  addi- 
tional dead  weight  of  50  tons  was  placed 
on  them. 

Where  water  shafts  are  used  it  is  abso- 
lutely necessary  to  make  provision  for 
capping  them. 

SOUNDINGS  FOR  ROCK. 

At  a  depth  of  70  ft.,  soundings  were  be- 
gun in  the  air  chamber  for  the  location  of 
the  bed  rock,  by  means  of  a  pointed  rod,  10 
ft.  long,  driven  in  by  sledges. 

A  trial  was  made  to  sound  by  means  of 
a  pipe  and  water  jet,  but  was  abandoned  on 
account  of  the  numerous  stones.  These 
probings  were  carried  on  daily  for  a  month, 
until  a  clear  idea  of  the  form  and  depth  of 
bed  rock  was  attained. 

The  surface  was  evidently  very  irregular, 
composed  of  alternate  projections  and  de- 
pressions, the  extreme  difference  in  eleva- 
tions encountered  being  16  ft.,  and  occur- 
ring chiefly  along  the  water  edge.  Through- 
out the  central  portion,  however,  and  cov- 
ering at  least  two-thirds  of  the  entire  area, 
the  irregularities  were  much  less,  amounting 
to  only  3  or  4  ft.  in  a  length  of  160,  and 
width  of  about  75  ft. 

The  caisson  would  apparently  settle  on  a 
broken  ridge  of  rock,  running  diagonally 
from  one  corner  to  the  other,  and  having  a 
moderate  dip  of  perhaps  5  ft.  in  the  100 
toward  the  land ;  but  falling  off  very  sud- 
denly toward  the  east  corner  in  number  one 
chamber. 
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With  these  facts  before  us,  it  was  evident 
that  it  would  be  a  matter  of  immense  ex- 
pense and  great  loss  of  time  to  blast  down 
the  rock  to  a  comparatively  level  surface ; 
but  unless  this  were  done  it  would  appear 
equally  dangerous  to  allow  the  caisson  to 
rest  on  the  rock  at  one  end  and  not  on  the 
other. 

Fortunately  one  circumstance  put  a  more 
favorable  appearance  upon  the  case,  and 
that  was  that  the  top  of  the  rock  was  found 
to  be  covered  for  a  depth  of  2  to  4  ft. 
by  a  layer  of  very  compact  material,  so  hard 
that  it  was  next  to  impossible  to  drive  in  an 
iron  rod  without  battering  it  to  pieces. 

Moreover,  where  the  rock  lay  the  lowest, 
this  layer  of  hard  material  had  its  greatest 
thickness. 

It  was  good  enough  to  found  upon,  or  at 
any  rate  nearly  as  good  as  any  concrete  that 
could  be  put  in  place  of  it.  In  extent  it 
covered  fully  three-fourths  of  the  caisson, 
leaving  a  narrow  strip  of  quicksand  along 
the  land  edge,  and  a  triangular  portion  over 
part  of  number  one  and  six  chamber. 

Since  the  lower  line  of  the  quicksand 
sloped  at  the  rate  of  6  ft.  in  the  hundred,  it 
became  necessary  to  penetrate  about  5  ft. 
into  the  hard  ground  on  the  water  edge, 
before  the  bottom  of  the  quicksand  was 
reached  on  the  land  side.  The  number  of 
boulders  found  in  it  was  very  large,  much 
greater  than  were  found  in  the  same  space 
on  the  Brooklyn  side. 

It  was  determined  to  rest  the  caisson  on 
this  material  at  a  depth  of  78  ft.  The  pro- 
jecting peaks  of  bed  rock  which  already 
made  their  appearance  at  75  ft.,  were 
blasted  down  for  some  distance  under  the 
shoe,  and  covered  with  a  foot  of  compressi- 
ble earth. 

In  number  six  chamber  a  trench  was 
sunk  through  the  remaining  quicksand 
under  the  edge,  and  filled  with  concrete  to 
confine  the  portion  remaining  within ;  a 
task  of  no  small  difficulty,  owing  to  the  in- 
flux of  water  and  sand. 

Any  other  small  irregularities  will  be 
fully  equalized  by  the  great  timber  platform 
above. 

BED  ROCK. 

The  first  spurs  of  bed  rock  were  encoun- 
tered at  a  depth  of  75  ft.,  under  the  shoe 
on  the  water  side.  It  would  seem  that  the 
caisson  had  been  scraping  along  a  vertical 
wall  of  rock  for  the  previous  5  ft.  at  that 
spot. 


The  rock  is  the  ordinary  gneiss  found  on 
Manhattan  Island,  with  a  dip  almost  verti- 
cal. No  part  of  its  surface  shows  the 
rounding  action  of  water  or  ice.  On  the 
contrary,  the  outcrop  is  in  the  form  of  sharp 
thin  ridges,  with  steep  vertical  sides  occur- 
ring in  parallel  ranges. 

On  such  a  bottom  no  sliding  can  ever 
take  place,  no  matter  what  the  average 
slope  might  be.  At  78  ft.  the  outcrop  was 
struck  in  a  number  of  places  and  blasted 
down  a  short  distance  below  the  edge.  A 
slight  covering  of  soil  gave  the  necessary 
amount  of  compressible  material  above 
these  rocky  points.  Nearly  all  of  them 
occurred  under  the  edge  on  the  water  side, 
a  favorable  circumstance,  since  the  result- 
ant of  pressure  is  in  that  direction.  No 
fresh  water  was  found  on  the  rock,  but 
salt  water  entered  upon  a  reduction  of  air 
pressure. 

FILLING  OP  THE  AIR  CHAMBER. 

The  concrete  for  filling  the  chamber  is 
all  mixed  above  and  let  down  through  the 
supply  shaft  ready  for  distribution  below. 

No  brick  pillars  were  used  as  under  the 
Brooklyn  caisson,  the  bearings  of  the 
frames  being  so  wide  as  to  be  equal  to  all 
contingencies  when  once  uniformly  packed 
under  with  concrete.  The  stones,  earth  and 
sand  left  in  the  caisson  during  the  sinking 
were  sufficient  to  fill  one-third  of  the  space, 
and  since  the  concrete  is  going  in  at  the  rate 
of  80  to  100  yards  per  day,  it  is  probable 
that  the  chamber  will  be  filled  in  the  early 
part  of  July.  Final  exit  will  be  had  by  the 
water  shafts. 

EFFECTS  OF  THE  COMPRESSED    AIR    0~8  THE  MEX. 

These  were  not  so  serious  as  first  antici- 
pated. The  few  cases  of  death  that  occur- 
red could  in  but  two  instances  be  charged 
to  the  effects  of  the  pressure. 

As  the  latter  increased,  the  working  hours 
below  were  gradually  reduced  from  four 
hours  to  two  hours,  twice  a  day,  at  35  lbs. 
It  is  true  that  scarcely  any  man  escaped 
without  being  somewhat  affected  by  intense 
pain  in  his  limbs  or  bones  or  by  a  tempo- 
rary paralysis  of  arms  and  legs ;  but  they 
all  got  over  it,  either  by  suffering  for  a  few 
days  outside,  or  by  applying  the  heroic 
mode  of  returning  into  the  caisson  at  once, 
as  soon  as  the  pains  manifested  themselves. 

The  shortening  of  the  hours  of  labor  pro- 
duced the  best  results  in  keeping  the  men 
in  good  condition ;  but  even  this  was  not 
necessary  for  all  constitutions,  because  some 
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could  remain  below  with  impunity  for  six 
hours  at  the  highest  pressure. 

After  the  lochs  were  passed  the  men  had 
their  choice  of  coming-  up  either  by  an 
elevator  or  by  circular  stairs. 

During  the  winter  months  all  tendency 
tocongestion  of  the  lungs,  owing  to  the  sud- 
den change  of  temperature  in  coming  out  of 
the  locks,  was  controlled  by  means  of  steam 
coils  in  the  latter,  so  arranged  as  to  warm 
the  air  when  coming  out  of  the  lock  and  to 
cool  it  when  passing  in. 

The  general  condition  of  the  air  below 
was  very  pure,  due  to  the  absence  of  candles, 
and  illumination  by  gas  alone. 

Mr.  Collingwood  found  that  as  the  pres- 
sure increased,  the  gas-burners  gave  more 
light,  and  at  85  lbs.  a  1  ft.  burner  gave  as 
much  light  as  a  I  ft.  burner  outside.  We 
therefore  had  a  maximum  production  of 
light  with  a  minimum  production  of  irre- 
spirable  gases. 

The  services  of  Dr.  A.  H.  Smith  were  enga- 
ged for  the  purpose  of  attending  to  all  cais- 
son cases  and  examining  new  candidates  for 
work  below.  He  has  been  quite  successful 
in  his  treatment,  and  it  is  to  be  hoped  that 
his  experience  will  be  made  public  for  the 
benefit  of  future  works. 

The  fact  remains,  however,  that  the 
effects  of  compressed  air  on  the  human  sys- 
tem constitute  the  principal  difficulty  at- 
tending deep  pneumatic  foundations.  Men 
are  somewhat  difficult  to  get,  wages  are 
high,  and  the  time  of  labor  becomes  so 
short  that  the  work  must  necessarily  be  done 
under  a  disadvantage,  and  under  an  im- 
mense amount  of  supervision,  where  it  is  at 
all  difficult  or  different  from  ordinary  dig- 
ging in  a  uniform  material. 

Besides  two  general  foremen  and  fifteen 
under-bosses,  it  required  the  daily  attend- 
ance of  both  Col.  Paine  and  Mr.  Colling- 
wood, assisted  occasionally  by  Mr.  Martin 
and  Mr.  McNulty,  to  keep  matters  moving 
smoothly  below  and  in  conjunction  with 
affairs  above. 

An  ingenious  mechanical  telegraph,  con- 
trived by  Col.  Paine,  proved  of  great  assist- 
ance in  keeping  up  communication  between 
the  upper  and  lower  world. 

LIGHTING    THE    CAISSON". 

The  ordinary  street  gas  has  been  the 
only  agent  used  for  illumination.  Sixty 
burners,  divided  among  the  six  chambers, 
gave  all  the  light  required.  The  gas  was 
burned  under  a  pressure  of  1  or  2  lbs.  in 


excess  of  the  caisson  pressure,  and  was  at 
all  times  uniform  and  plentiful  in  supply. 

In  order  to  maintain  a  uniform  over- 
pressure of  the  gas  below,  independent  of 
the  sinking  of  the  caisson,  a  strong  cylin- 
drical tank,  6  ft.  long  and  3  ft.  in  diameter, 
was  placed  in  the  air  chamber.  This  com- 
municated by  means  of  a  water  pipe  with 
another  tank  of  the  same  size  on  the  dock, 
several  feet  above  the  water  level.  A  column 
of  water  was  thus  established,  having  a 
head  always  a  few  pounds  in  excess  of  the 
caisson  pressure,  and  capable  of  forcing  the 
gas  out  of  the  lower  tank  into  the  air 
chamber. 

A  gas  pump  above,  forced  the  gas  stead- 
ily into  the  tank  below,  and  as  the  latter 
would  fill  with  gas,  it  raised  the  column  of 
water  in  the  tank  above,  where,  at  a  certain 
stage,  a  float  controlled  the  throttle-valve  of 
the  gas  pump,  and  thus  regulated  the  supply 
of  gas  within  restricted  limits,  the  whole 
arrangement  being  self-acting. 

One  interesting  fact  was  observed,  which 
may  possibly  be  new,  and  that  is,  that  in 
compressed  air  all  gaslights  become  sensi- 
tive flames,  answering  to  the  stroke  of  a 
hammer  on  a  piece  of  iron,  or  even  to  tones 
of  the  voice. 

MOVEMENTS    OE    THE    CAISSON. 

The  downward  movement  of  the  caisson 
has  been  under  perfect  control  throughout 
the  whole  of  the  sinking.  It  usually  oc- 
curred at  low  tide  and  was  very  gradual, 
owing  principally  to  the  wide  frames  and 
broad  shoe. 

While  the  caisson  was  passing  through 
the  mud,  river  sand  and  gravel,  the  frames 
sank  through  the  material  without  digging; 
but  in  the  quicksand  and  harder  material 
below,  the  whole  frames  had  to  be  dug  out 
underneath  before  settlement  would  take 
place. 

The  caisson  also  sank  perpendicularly  in 
its  true  place,  no  movement  occurring  in 
any  direction.  This  result  was  principally 
owing  to  the  facility  with  which  it  was  kept 
level  by  digging. 

The  side  friction  was  considerable,  but 
difficult  to  estimate,  because  the  frames  and 
shoe  were  seldom  entirely  clear  It  could 
not  have  been  less  than  600  lbs.  per  sq.  ft. 
of  external  surface,  varying  with  the  amount 
of  air  passing  out  under  the  shoe. 

The  total  resistance  offered  by  the  side 
friction  is,  however,  quite  small  when  com- 
pared with  the  total  bulk.     At  a  depth  of 
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78  ft.  the  side  friction  amounted  to  6,000 
tons,  whereas  the  weight  of  the  whole  foun- 
dation, including  masonry,  was  53,000  tons. 

At  78  ft.,  the  excess  of  the  downward 
pressure  of  the  caisson  over  the  upward 
pressure  of  the  air  at  low  tide  would  aver- 
age from  10,000  to  12,000  tons,  not  including 
side  friction.  The  air  pressure  has,  how- 
ever, frequently  run  so  low  as  to  give  an 
excess  of  downward  pressure  of  15,000  tons. 
An  excess  of  overweight  is  in  all  cases  an 
advantage,  as  it  saves  considerable  digging. 

The  experience  with  this  foundation  goes 
to  show  that  a  larger  caisson  is  much 
easier  to  handle,  is  safer  and  under  more 
perfect  control  than  a  smaller  one.  The 
labor  question,  however,  becomes  the  most 
serious  drawback  where  a  considerable 
number  of  men  have  to  be  brought  together 
under  abnormal  circumstances.  The  forces 
of  nature  may  be  measured  and  brought 
under  control,  provided  they  are  properly 
understood,  but  human  nature  is  not  so 
amenable  to  laws. 

THE     BROOKLYN    TOWER. 

The  work  of  laying  masonry  on  this 
tower  has  progressed  steadily.  Seventy-five 
feet  in  height  have  been  laid  since  June  1, 
1871,  amounting  to  9,300  yards  of  masonry. 
Twenty  feet  more  are  required  to  bring  it 
up  to  the  level  of  the  roadway. 

Below  the  roadway  a  number  of  heavy 
steel  and  iron  bars  will  be  set  in  the 
masonry  for  a  variety  of  purposes.  They 
comprise  six  sets  of  cast  -  steel  bars, 
10  by  2  in.,  and  60  ft.  long,  passing 
around  the  outside  of  the  tower,  between 
the  masonry  courses,  and  serving  as  an  at- 
tachment for  the  main  under-floor  storm 
cables. 

In  addition,  there  are  sixteen  sets  of  cast- 
steel  bars  passing  through  the  connecting 
walls  and  into  the  main  buttresses.  To 
these  will  be  attached  the  six  lines  of  trusses 
of  the  bridge  as  well  as  sixteen  counter- 
stays  to  the  cables. 

The  iron  bars  comprise  four  smaller  sets 
for  under-floor  stays  and  twenty  sets  of 
long  tie  bars  to  be  laid  in  the  connecting 
walls  below  the  floor.  They  are  all  gal- 
vanized as  a  protection  against  rust.  The 
steel  bars  were  made  by  the  Butcher  Works, 
of  Philadelphia  ;  the  others  at  Phcenixville. 

All  the  stone  required  to  complete  the 
masonry  to  the  roadway  are  on  hand,  and 
at  no  time  has  there  been  any  interruption 
in  the  work  for  want  of  stone. 


The  laying  of  stone  was  continued  dur- 
ing a  portion  of  the  cold  weather  in  Decem- 
ber last,  with  a  view  of  bringing  the 
masonry  to  a  certain  stage  where  the 
winter  months  could  be  utilized  in  removing 
the  old  boom  derricks  and  putting  up  a 
new  set  of  hoisting  machinery. 

By  a  plentiful  use  of  hot  water  and  salt, 
this  portion  of  the  wall  has  been  laid  equally 
as  well  as  the  rest,  especially  as  that  pro- 
portion of  the  wall  occupied  by  the  cement 
and  concrete  amounts  to  only  one-tenth  of 
the  whole  bulk. 

NEW     DERRICKS. 

The  difficulty  of  guying  ordinary  boom 
derricks  at  the  water  edge  at  an  elevation 
of  80  ft.,  becomes  so  great  that  another  ar- 
rangement of  stone  hoisting  and  stone  set- 
ting machinery  was  accordingly  prepared 
during  the  summer  of  1871,  and  put  in 
position  during  last  winter.  These  new 
derricks  will  lay  all  the  masonry  to  the  top 
of  the  tower. 

The  arrangement  in  general  consists  of 
three  balance  derricks,  one  in  the  centre  of 
each  shaft.  Each  derrick  stands  on  a  turn- 
table, 6  ft.  in  diameter,  provided  with 
conical  rollers,  and  having  a  safety  tail  ex- 
tending to  the  turn-table  into  the  well-hole 
below. 

The  weight  of  the  stone  is  balanced  by  a 
weight  of  pig  iron,  run  in  or  out  on  the 
opposite  boom  as  occasion  may  require. 
The  setting  of  the  stone  is  done  by  two 
small  steam  engines  attached  to  the  mast  of 
each  derrick,  steam  being  led  up  to  the 
tower  from  a  boiler  in  the  yard  below.  The 
derricks  are  raised,  course  by  course,  by 
means  of  hydraulic    jacks. 

Their  chief  merit  consists  in  their  ab- 
solute safety,  there  being  no  possibility  of 
one  falling  over.  With  the  boom  derricks, 
however,  there  are  numerous  guys  with 
hundreds  of  connections,  any  one  of  which 
giving  way  may  involve  the  downfall  of  the 
whole  system. 

Such  an  occurrence  took  place  last  Oc- 
tober, when  by  the  giving  way  of  a  defec- 
tive weld,  two  derricks  fell,  resulting  in  the 
death  of  three  men  and  wounding  of  five 
others. 

In  connection  with  the  setting  derricks 
is  a  double  system  of  stone  hoists,  consist- 
ing of  two  railroad  tracks,  always  at  a  level 
with  the  top  of  the  wall,  and  two  hoisting 
frames.  The  stone  are  raised  at  a  single 
lift  by  ah  endless  rope,  operated  by  an  en- 
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gine  and  powerful  machinery  in  the  yard 
below. 

Stone  weighing  seven  tons  are  raised  at 
the  rate  of  100  ft.  per  min.,  and  are  sup- 
plied as  rapidly  as  the  setting  derricks  can 
dispose  of  them.  These  tracks  are  raised 
every  4  ft. 

The  general  arrangement  is  essentially 
the  same  as  that  used  in  building  the  tow- 
ers of  the  Cincinnati  Suspension  Bridge. 

THE   ANCHORAGES. 

Both  towers  being  fairly  under  way,  I 
would  recommend  the  early  acquisition  of 
the  ground  required  for  at  least  one  anchor- 
age, so  as  to  make  a  beginning  this  season, 
and  utilize  the  coming  winter  by  putting 
in  the  foundation. 

The  quantity  of  masonry  in  one  anchor- 
age is  about  the  same  as  in  a  tower,  al- 
though of  a  less  costly  character  and  more 
easily  put  in  place. 

Both  the  towers  and  the  anchorages  have 
to  be  completed  before  any  thing  can  be 
done  with  the  necessary  preparations  for 
cable  making. 

CONCLUDING   REMARKS. 

The  pleasant  task  remains  yet  of  expres- 
sing my  thanks  to  the  gentlemen  who  have 
so  ably  assisted  m  the  prosecution  of  the 
work,  and  to  whose  untiring  industry,  con- 
stant watchfulness,  and  sound  judgment  is 
mainly  due  the  success  which  has  attended 
it  to  the  present  time. 

The  work  in  the  caisson  has  been  carried 


on  under  the  daily  supervision  of  both  Col. 
Paine  and  Mr.  Collingwood,  relieved  at 
times  by  Mr.  Martin  and  Mr.  McNulty, 
whenever  the  outside  duties  of  these  latter 
gentlemen  would  permit. 

The  labor  below  is  always  attended  with 
a  certain  amount  of  risk  to  life  and  health, 
and  those  who  face  it  daily  are  therefore 
deserving  of  more  than  ordinary  credit. 

The  general  foremen  below  have  been 
Messrs.  Creen,  Young,  Woliver,  O'Malley, 
and  Korner,  assisted  by  twelve  underfore- 
men. 

The  masonry,  carpentry,  and  machine 
departments  have,  as  usual,  been  most 
efficiently  attended  to  by  Messrs.  Douglass, 
Farrington,  and  Smith ;  while  the  draught- 
ing room  has  been  in  charge  of  Mr.  Hikien- 
brandt,  and  occasionally  Mr.  Vonder  Bosch. 

To  Mr.  Horatio  Allen,  consulting  engi- 
neer, my  acknowledgments  are  due  for  his 
continued  counsel  and  advice. 

In  regard  to  the  relations  of  the  engineer- 
ing department  and  the  general  manage- 
ment, it  gives  me  pleasure  to  bear  testimony 
that  all  requisitions  from  the  engineer  de- 
partment have  been  met  with  the  utmost 
promptness,  both  in  respect  to  quantity  as 
well  as  quality,  and  that  the  relations  of  the 
different  executive  branches  have  been  con- 
ducted with  a  mutual  co-operation,  conducive 
to  the  highest  results,  both  in  efficacy  and 
economy. 

Respectfully  submitted. 

W.    A.    RoEBLING, 

Chief  Engineer  N.  Y.  Bridge  Co. 
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(Continued  from,  p.  16. ) 


Equation  (15)  gives   the  living  force  of  a 
unit  weight  of  fluid  passing  the  orifice 


h  = 


PtV, 


V         P2  ViJ 


(26) 


combining  with  (7)  and  (25) 
But 

Expanding  by  the  binomial  theorem,  and 
using  only  the  first  terms  of  the  series  for 
small  values  of  p2— p^,  we  have 


Substituting  in  (26) 
,      x(n  —  n 


V2    (Pi-Pi) 


n{x  —  1 ) 
or  combining  with  (22) 

V2   (Pi  -Pi 


h 


1+5 


(27.) 


and  this  is  the  exact  equation  heretofore 
employed  for  the  case  of  efflux  under  slight 
difference  of  pressure.  It  follows  that  £, 
for  such  difference,  assumes  the  value  here- 
tofore given  in  the  tables  for  efflux  of  air. 

It  is  to  be  remarked  that  equation  (27) 
holds  for  ordinary  fluids,  as  water. 

Regarding  water  as  practically  non-ex- 
pansive, the  pressure-curve  U2  ~UX  (Fig.  3a) 
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nearly  coincides  with  the  vertical  U2  v2 ;  vx 
is  nearly  identical  with  v2  and  the  hatched 
surface  is  approximately  rectangular,  hence 

h  +w  =  v2  (p2  -p,) 
and  putting  W=  C  A,  we  have  equation  (27). 
These  equations  are  usually  employed  with 
the  substitution  of  the  density  y  (weight  of 
the  cubic  unit)  ;  hence 

k  (i  +  f)=^ZP? 

and  from  (22) 

n — 1        x  —  1  . 

~n~  =  a;(l+T) 
Assuming  that   the  adiabatic   curve  TL  U0 
(Fig.    3a)    forms    a   vertical    straight  line, 
k  =    ac  , 

n-l_      1 

*  '  '    n     ~   1  +  ? 
and  instead  of  (26) 

which,  for  small  differences,  takes  the  form 
of  (27). 

From  these  formulas  new  principles  may 
be  deduced,  to  which  reference  will  be 
made. 

Suppose  a  very  large  vessel  filled  with 
water ;  that  the  pressure  p2  and  the  tempe- 
rature T2  are  constant  in  the  horizontal 
plane  of  the  orifice  ;  then  the  specific  volume 
during  efflux  may  be  regarded  as  constant ; 
then  d  v  =  0,  and  equations  (3)  and  (4)  give 
for  Q  =  0, 

h  +  W  =  (p3-p_)t,3    .     .     .     (28.) 
and 

W==Ul-U2. 

The  change  of  interior  work  or  heat  of 
water  I  consider  as  proportional  to  the 
change  of  temperature.  Hence  if  the 
water  passes  through  the  orifice  with  the 
temperature  T„  c  =  1  being  the  specific 
heat  of  water, 

A  W=»c(T,-T2) 

The  resistances  at  the  orifice  cause  the 
water  to  pass  the  orifice  with  an  increased 
temperature,  which  can  be  determined  by 
calculation. 

Since  W  =  £  h  and  va  =  —  we   have 

from  (28) 
1 


h=- 


Pi~V\ 


1  +  S 


and  W  = 


E 


Pa-P.i 


1+5 
hence  by  preceding  equation 

A?        Pt-Pi 
c(l  +  i)  '      y 


Ti-Ts  = 


(29. 


It  follows  that  — signifies  the  excess 


of  pressure  measured  by  the  water-column  ; 
if  this  is  H,  then 

t>-t*=;tttW-ah  •  •    (30) 

If  the  water  is    caught  in  a  vessel   the 
water  comes  to  rest  and  a  temperature  T\  is 
taken  up  expressed  in  the  equation 
A/i=c(T,'-T,) 

From  (31) 

T'I-T.=— yr- .AH     .        .     (31.) 

From  (30) 

C(T,     T2)  =  AH     .      .     .     (32.) 

The  whole  work  corresponding  to  H,  is 
therefore  contained  in  the  water  in  the  form 
of  heat,  and  the  work  of  resistance  is  not 
taken  into  account.  The  last  formula  may 
be  found  directly.  Because  p2  is  constant, 
the  fluid  unit  takes  up  the  work  p2  v,  and 
gives  out  the  work  p{  vx  and  as  the  fluid  is 
at  rest  both  at  the  beginning  and  the  end  of 
the  process,  it  follows  that  p2  v2—  px  vl=H. 
must  have  been  contained  in  the  water  as 
heat.  These  investigations  are  not  rigor- 
ously exact,  for  it  is  assumed  that  the 
change  of  interior  work  is  proportional  to 
the  change  of  temperature,  and  that  water 
is  absolutely  non-expansive. 

The  differences  of  temperature  as  ex- 
pressed in  (30),  (31)  and  32),  are  entirely  in- 
appreciable for  ordinary  heads.  In  order 
that  flowing  water  should  receive  an  incre- 
ment of  1  deg.  Celsius  it  must  be  discharged 
under  a  pressure  of  a  column  of  water  of  424 
metres. 


(6.) 
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In  case  of  saturated  steam  the  tempe- 
rature is  a  function  of  p  only,  and  is  deter- 
mined by  experiments ;  while  the  specific 
volume  is  a  function  of  the  temperature  t 
only,  or  of  the  pressure  p.  In  the  "  Grund- 
ziige"  I  have  calculated  the  values  for  seve- 
ral cases,  and  have  shown  that  the  relation 
between  pressure  and  volume  is  given  with 
sufficient  exactness  by  an  empiric  formula. 

Represent  the  volume  of  the  unit  weight 
of  saturated  steam  s,  and  the  pressure  in  at- 
mospheres by  p;  then 

psm=M         .         .        (33.) 

in  which  m  =  1.0646  and  M  =  1.704,  the 
pressure  p  being  given  in  atmospheres. 

Lay  off  (Fig.  4)  s  as  abscissa  and/)  as  or- 
dinate, thus  constructing  the  curve  C  C, 
which  we'  call  the  limiting  curve  of  steam. 
Consider  the  curve  as  drawn  and  the  values 
of  p  and  v  as  given  for  a  certain  case  ;  then 
there  are  three  cases  tu  distino-uish. 


202 


TAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


If  the  corresponding  point  falls  on  the 
limiting  curve,  it  is  indicated  that  the  steam 
is  saturated  and  pure  (without  mixture  with 
water)  ;  but  if  the  point  falls  within  the 
curve  as  at  A,  Pig.  4,  in  which  ease  v  <  s, 
it  is  a  proof  that  the  steam  is  wet,  i.  e. 
mixed  with  water.  Then  the  ratio  of  mix- 
ture, i.  e.  the  specific  quantity  of  steam,  or 
the  weight  of  steam  in  the  unit  weight  of 
mixture,  can  be  calculated  from  the  given 


volume  v.  The  volume  of  the  steam  is  x  s, 
the  volume  of  the  water  is  (1  —  x)  o,  a  being 
the  volume  of  a  kilogram  of  water,  (ff  = 
0.001  cubic  centimetres);  hence 

V  =  X  S   +    (1—  X)  <T 

or 

V  =  X  (S  —  a)+a      .  .  (34.  ) 

z  =  —      .         .         .      (35.) 

.v—  a 

But  if  v  >  s  and  the  point  B  falls  out- 
side the  limiting  curve,  it  is  shown  that  the 
steam  is  non-saturated  or  superheated ;  and 
the  temperature  T  is  higher  than  that  of 
saturated  steam  or  of  a  mixture  with  equal 
tension ;  and  the  relation  between  p,  v  and 
Tis 

pt'  =  BT-CpT      .         .      (36.) 

For  the  steam  from  water  Jc  =^,  and  ii  p 
is  given  in  atmospheres,  B=  0.00-49287  and 
C  =0.187815. 

Suppose  a  mixture  of  steam  and  fluid  as 
discharged  under  constant  pressure  p.,  into  a 
space  in  which  is  maintained  the  constant 
pressure^;  then  equations  I.,  II.,  and  III. 
hold  as  well  as  the  graphic  illustrations  in 
Figs.  3a  and  3b.  If  heat  is  neither  gained 
nor  lost,  and  there  is  little  resistance,  then 
the  problem  is  solved  as  in  my  "  Loeomo- 
tivblasrohr,"  p.  76.  For  the  formulas  there 
given  may  be  substituted  approximate  for- 
mulas more  convenient  for  application.  In 
the  "  Grundzvigen,"  it  is  shown  that  the 
equation  for  the    adiabatic   curve  of  satu- 


rated steam  is   approximately  the  same  as 
that  for  gases  :  viz  : 

pv*=p2  v.2k=pt  «!* 
in  which 

fc=1.035  4-  0.1  a;e    .        .        .     (37.) 

x,   being   the   initial    specific    quantity   of 
steam,  and  lying  between  0.70  and  1. 

It  follows  that  all  the  formulas  above 
deduced  for  permanent  gases  (with  excep- 
tion of  those  concerning  the  expansion  of 
the  steam  outside  the  orifice)  hold  true  in 
this  case.  In  case  of  resistance,  for  the 
exponent  k  is  to  be  substituted  the  efflux 
exponent  n  (eq.  22). 

A  numerical  example  will  serve  for  illus- 
tration of  these  principles,  and  of  the  occur- 
rence of  certain  peculiar  phenomena  in  the 
efflux  of  diy  or  wet  steam. 

Let  a  boiler  contain  dry  saturated  steam 
of  a  tension  of  4  atmospheres,  which  flows 
through  a  cylindric  ajutage  with  well  round- 
ed edge,  into  free  air.  We  have  x,=l,  and 
by  (37)  h  =  1.135.  Suppose  f  =  6.1 ;  then 
by  (22)  h=  1.1212.  From  (33)  and  (34) 
u2  =  «,  =  0.4484.  At  the  left  we  set  re- 
sults for  no  resistance  ;  at  the  right  for  re- 
sistance ;  the  coefficients  are 

n=k  =1.135.        n=  1.1212. 

By  (23)   since  &=  i, 

1?!==  1,5209.  «!  =  1.5439. 

At  the  orifice  there  is  a  pressure  of  one 
atmosphere,  and  since  the  specific  volume 
of  steam  of  this  tension  sl=  1.6504  and 
both  the  preceding  values  for  volume  are 
less  than  this,  it  follows  that  the  steam  at 
the  orifice  is  wet,  and  that  a  part  is  con- 
densed. 

The  specific  quantity  of  steam  at  the  ori- 
fice is  (35). 

re,  =0.9215.  ct,=  0.9354. 

It  follows  that  in  case  of  resistance  a  lit- 
tle less  steam  is  condensed. 
From  (15) 

h  =  23687.6  h  =21692. 8 

hence  by  (19) 

W  =  682.73  met.  W  =652.391. 

If  the  area  of  the  orifice  is  expressed  in 
square  metres  (F),  then  by  (20)  the  weight 
of  steam  and  water  discharged  in  a  second 
(with  no  contraction)  is 

G  =  448 . 2  F.  kilog.         G  =  422 . 6  F.  kilog. 

The  weight  D,  of  steam,  is 
D  =  G{x1>—  413.(1  F.  kilog.      D=395.3  F.  kilog. 

The  quantity  of  water  W  is 
W=G  (1  -a-,  )=35  2  F.  kilog.     W  =27.3  F.  kilog. 

Outside  the  orifice  the    stream   expands 
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under  constant  pressure;  if  r,=  the  temper- 
ature of  the  steam,  and  x\  the  specific  quan- 
tity of  steam  after  expansion,  then 

A.h  =  r1(x?l—x1)     .         .         .     (38.) 
If  x\-=  1  the  steam  is  pure  and  saturated ; 
if  x\^=~l,  then  the  steam  has  become  super- 
heated and  the  following  equation  applies 

Ah  =  rl  {l-x^  +  Cpit^-t,)  .  .  (39.) 
in  which  Gp  is  the  specific  heat  of  the  super- 
heated steam  under  constant  pressure.  For 
steam  of  water  put  0^=0.4805  and  find  t\ 
and  v'i  by  (36). 

In  the  above  example,  since,  according  to 
Eegnault,  for  steam  at  one  atmosphere  Ty= 
536.5,  by  (38)  in  both  cases 

x,=  1.0256  a;',  =1.0308, 

which  is  impossible.     Hence  in  both  cases 
the  steam  in  expansion  passes  to  the  super- 
heated  condition ;    and  (39)  must   be    em- 
ployed.    This  gives,  since  ^  =  100°C, 
*,'  =  128.6.  t-,  =134.4. 

From  the  foregoing  considerations  these 
values  should  be  equal.  The  difference  is 
explained  by  the  fact  that  the  formulas 
given  for  steam  are  only  approximately  cor- 
rect, and  that  the  constants  found  by  ex- 
periment are  not  trustworthy.  But  certain 
experiments  of  Hirn  confirm  the  above  re- 
sults ;  for  the  above  case  he  found  £'1=133°. 
Suppose  in  the  foregoing  example  that 
the  steam  is  not  dry,  but  mixed  with  water, 
then  assuming 

x2  =  1;  0.90;  0.80;  0.70; 
we  have 

xx  =0.9354;  0-8504;  0.7637;  0.6753. 

W  =  652.4;  620.5;  586.5;  550.1 

G  =  422.6  F.;  442.1  F.;  465.2  F.;  493.4. 

Hence  the  quantity  increases  with  the 
saturation. 

Finally,  it  is  to  be  especially  remarked 
that  according  to  the  degree  of  the  force  of 
resistance,  the  steam  may  pass  the  orifice 
pure  and  saturated  or  in  a  superheated 
condition,  although  the  same  when  in  the 
discharging  vessel  may  have  been  saturated 
with  or  without  mixture  with  water. 

For  example,  if  the  steam  was  dry  and 
saturated  before  discharge,  and  is  to  pass 
the  orifice  in  the  same  condition,  the  expan- 
sion curve  should  coincide  with  the  limit- 
ing curve ;  therefore  for  water- steam  the 
efiiux  exponent  n  should  be  identical  with 
the  value  m  =1.0646  ;  and  since  fc  =  1.135 
we  find  the  resistance  co-efficient  for  the 
required  orifice  by  (24)  to  be  £=0.9601.  Or- 
dinary ajutages  give  no  such  large  co-effi- 
cient. 


(7.)    THE    EFFLUX    OF    SUPERHEATED    STEAM. 

In  equation  (36)  is  given  the  relation  be- 
tween pressure,  volume  and  absolute  tem- 
perature for  superheated  or  non-saturated 
steam.  This  equation,  since  &==1.3333,  may 
be  written 

pv  =  B(T-0i/p)  .  .  (38  ) 
in  which  p  is  expressed  in  atmospheres. 
/3  =  38.1064  and  B  =  0,0049287.  B  has 
the  same  meaning  as  the  constant  R  in  the 
equation  for  gases,  if  p  is  measured  in 
metre-kilograms. 
Then 

*f*:_1)        .         .        (39.) 


B  = 


A/c 


in  which  C  ==0.4805. 

The  equation  of  the  adiabatic  curve  for 
superheated  steam  is  the  same  as  for  gases 
(17),  according  to  our  hypothesis  ;  but  for  k 
is  to  be  substituted  the  value  given  above. 
The  isodynamic  curve  is  also  identical,  be- 
ing an  equilateral  hyperbola. 

It  follows  that  the  above  theory  for 
efflux  of  gas  holds  for  steam  ;  still,  two 
cases  are  special  and  require  particular 
attention.     If  the  steam   is  superheated  in 


the  discharging  vessel,  it  may,  under  certain 
circumstances,  pass  the  orifice  saturated  and 
even  mixed  with  water,  if  the  expansion- 
curve  cuts  the  limiting  curve,  which  usually 
happens  in  case  of  slight  superheating.  In 
case  of  great  superheating  the  steam  passes 
in  that  condition.  Figs,  ha  and  hb  represent 
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both  cases.  C  C  is  the  limiting  curve  ;  p2  v» 
T2  and  px  vx  Tx  respectively  show  the  condi- 
tion of  the  steam,  in  the  discharging  vessel 
and  at  the  orifice  ;  the  curve  T,  T\  is  the  ex- 
pansion-curve and  the  hatched  portions 
show  the  value  of  h  -f-  W. 

Ordinarily  we  have  given  p2,  T2  in  the 
discharging  vessel  and  pt  in  the  receiver  ;  if 
£  is  given,  the  efflux-exponent  is  found  by 
(22),  putting  k  =  f.  Then  from  the  equa- 
tion px  v"=p2  v2  (40)  is  found  the  specific 
volume  vt  at  the  orifice ;  v2  having  been 
found  by  (34).  If  vt  is  larger  than  the 
value  corresponding  to  the  volume  sY  of  dry 
saturated  steam  at  pressure  px  by  (33),  it  is 
indicated  that  the  steam  at  the  orifice  is  still 
superheated,  and  this  case  is  represented 
in  Fig.  ha ;  the  other,  in  which  vl^=-s1,  when 
the  steam  passes  wet,  will  be  considered 
further  on. 

Suppose  the  discharging  vessel  to  con- 
tain superheated  steam  at  p2=  4  atmos.,  and 
t2  =  250°  Celsius ;  and  T2  =  523°.  Let 
the  discharge  pipe  have  a  rounded  mouth,  so 
that  £=0.1.  Letj9!=l  atmos.  or  10334 
kilog.  sq.  met.  From  (22)  n  =  1.2941 ; 
from  (38)  v2=  0.5780  ;  from  (40)  ^=1.6872. 
Then  by  (38)  the  temperature  at  orifice 
Ti  =  380.43°  or  £=107.43  Cels.;  and  since 
for  dry  saturated  steam  at  one  atmos.,  the 
volume  $!  =1.6504,  and  the  temperature  is 
100°,  the  steam  at  the  orifice  is  somewhat 
superheated.  By  (15)  h  =  25829.6,  and 
hence  the  true  velocity,  w  =  s/'lgh  = 
711.88  metres,  and  for  a  = 1,  G=421.9  F. 
We  find  the  velocity  much  greater  than  for 
saturated  steam  at  4  atmos.  ;  while  the 
quantity  is  nearly  the  same ;  a  result  which  is 
accidental. 

The  specific  volume  vx'  after  expansion  is 
found  by  (IVa)  because  the  internal  work 
is  determined  by  the  equation  px  «/  = 
p2  v2.  Hence  in  the  above  example  «..'  = 
2.3121,  and  by  (38)  t/=  261.2°  Cels.,  or  a 
little  more  than  in  the  vessel. 

As  to  the  other  case  in  which  vx  ==-  s„ 
the  expansion  curve  also  intersects  the  limit- 
ing curve  ;  hence  the  steam  leaves  the  dis- 
charge pipe  mixed  with  water,  although 
superheated  in  the  vessel ;  so  that  the  result 
is  approximate  only.  The  expansion  curve 
breaks  at  the  point  T,  and  the  hatched  area 
consists  of  two  parts  ;  T2  T  being  the  expan- 
sion curve  of  the  first,  and  T  T„  of  the 
second.  If  Jc  and  n  correspond  to  the  adia- 
batic  curve  of  the  first  (superheated),  and 
kx  and  ?iy  to  the  adiabatic  curve  of  the 
second,  we  have  the  equation 


h  = 


(  P-i  v2  -p  v)  +- 


(P«-P,  «i)  (41.) 


1  vx"z  -"  r  ''  '  as.-l 
in  which  p  and  v  are  the  co-ordinates  of  T 
(Fig.  56)  and  v,  is  the  volume  of  wet  steam 
passing  through  the  orifice. 

If  p2  and  T2  are  known  v2  is  found  by 
(38),  and  for  the  intersection  we  have 

pv"=p2vin  .         .         (42.) 

But  as  this  point  is  on  the  limiting  curve 
(33)  holds,  and  we  have 

pvm  =  M..         .        .  (43.) 

Then  we  have  from 

p,  v^=p  vnl.  .  .  (44.) 
the  volume  vx ;  h  by  (41) ;  W,  and  G ;  as 
well  as  the  ratio  a;L  by  (35). 

Assuming  J92=4 ;  pv=  1  atmos. ;  but  t2— 
200  Cels.  i.  e.  T„=  473°,  then  we  have  from 
(38)  v2  =  0.5164 ;  n  =  1.2941  and  n1== 
1.1212. 

Combining  (42)  and  (43) 

p  =  1.7190  atm.  and  v  =  0.9918  cub.  met. 
From  (44)  «,=  1.6079.         By  (41)  h  =23340.1. 
W  =y  2  g  h  =  676  71  metres. 

G==£i?=420.9  F. 

a,  =  0.9742. 
Hence  there  passes  in  a  second  Qxx1=  410 
F.  kilog.  of  steam  and  G  (1-as,)  =10.9  F. 
kilog.  of  water.  So  the  velocity  is  less,  but 
the  quantity  nearly  the  same,  as  in  the  case 
when  the  steam  is  discharged  superheated. 

The  method  of  calculation  would  be  the 
same  if  resistance  were  left  out  of  account. 
In  that  case  n  =  Tc  and  nx  =  kY. 

(8.)    THE    AEEA.    OP    OEIFICE. 

In  the  foregoing  investigations  it  was 
assumed  that  the  pressure  px  reaches  ex- 
actly to  the  plane  of  the  orifice,  and  that  the 
stream  does  not  suffer  contraction.  .It  is 
to  be  remembered  that  the  pressure  was  not 
the  same  as  in  the  receiver,  but  that  equality 
occurred  somewhere  outside  the  orifice  ;  in 
this  case,  in  the  above  formulas  F  is  not 
the  orifice-section,  but  is  that  taken  at  this 
place,  and  is  termed  the  efflux  section.  For 
orifices  in  a  thin  wall  this  section,  as  ap- 
pears by  "Weisbach's  new  experiments,  must 
doubtless  be  smaller  than  orifice-section ; 
the  ratio  must  be  determined  by  experi- 
ments, and  the  result  would  be  the  contrac- 
tion co-efficient.  But  if  the  efflux-section  is 
assumed  larger  than  the  orifice- section,  as 
seems  possible  in  the  case  of  certain  ajuta- 
ges, there  is  no  contraction,  but  an  expan- 
sion of  the  stream,  giving  an  expansion  co- 
efficient aj>l. 
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The  conjecture  that  the  efflux-section 
under  certain  circumstances  is  greater  than 
that  of  the  orifice,  was  mentioned  in  my 
work  "  Ueber  den  Ausfluss  von  Dampfen 
und  hocherhitzten  Fliissigkeiten."  Ran- 
kine  showed  that  this  was  the  fact  for  cer- 
tain shapes  of  orifice.  He  compares  the 
results  of  our  computations  for  dry  satura- 
ted steam  with  those  of  Napier,  and  finds 
that  experiments  always  give  a  larger  quan- 
tity of  discharge  than  was  indicated  by 
theory,  and  that  the  difference  increases 
with  the  steam  pressure  in  the  supply  ves- 
sel. Rankine  calculates  the  expansion  co- 
efficient for  several  cases  for  dry  saturated 
steam,  and  finds  values  which  are  especially 
large  for  high  pressure  ;  from  which  it  was 
to  be  inferred  that  in  such  circumstances 
the  efflux  section  was  quite  removed  from 
the  orifice.  We  are  not  acquainted  with 
the  results  of  the  experiments  of  Napier ; 
but  from  the  fact  that  Rankine  accepts 
them  in  his  discussion,  we  conclude  that 
they  are  trustworthy,  and  hence  that  there 
remains  a  point  to  be  explained  in  the 
theory  of  efflux  of  gas  and  steam.  The  in- 
vestigations heretofore  made  are  not  affected 
by  the  fact  that  they  relate  a  new  theory 
of  the  influence  of  resistances ;  the  uncer- 
tainty consists  only  in  the  determination  of 
the  efflux  section  upon  which  the  velocity 
and  quantity  must  depend. 

What  remains  to  say  in  the  present  con- 
dition of  the  subject  gives  opportunity  to 
touch  upon  a  question  treated  by  Rankine 
and  Kolster,  and  to  mention  a  slight  modi- 
fication of  their  treatment,  because  of  the 
above  results. 

According  to   (15)   the    efflux  of  gas  or 
steam  is  given  by  the  formula 
/ 


■/   29--f^T[  (Pt  v2~Pi  vi) 


And 


g = ify 


Combining  and  eliminating  vl 


A  glance  at  this  formula  shows  that  there 

is  a  certain  ratio  —  for  which  the  bracket- 
's .- 
ed  quantity  is  a  maximum,  so  that  if  a  is 

constant,  G-  is  a  maximum.     Differentiating; 
ps        ^  n+ 


—  =  i  i «— i 


and 


T,      p,  t>, 


2 

;7l+i 


(47-) 


(43.) 


T2      pt  v2 

For  a  given  ratio  of  pressures  the  above 
equations  give  the  efflux  velocity  and  the 
quantity.  The  formulas  agree  in  form 
with  those  of  Rankine  and  Kolster,  except 
that  they  use  instead  of  n  the  exponent  k  of 
the  adiabatic  curve.  Suppose,  for  example, 
that  in  the  supply  vessel  is  contained  pure 
saturated  steam,  and  that  £  =  0.065  ;  then 
by  (22)  n  =  1.1257  ;  and  by  the  foregoing 
equations 

£l  =  0.5793  ;-^I  =  1.6240  {BlUl  —  0.9108, 
Pa  "a  Pi  v2 

and  the  ratio  of  pressures 

-§-  =  195.5  cy/jL*     .        .      (49.) 

in  which  p.2  is  expressed  in  atmospheres. 

If  a  is  given,  this  expression  would  be  the 
maximum  of  discharge,  and  if  the  steam 
is  to  flow  into  the  free  atmosphere  the  pres- 
sure in  the  vessel  must  be  1.726  atmos. 
For  any  other  pressure  in  the  vessel  the 
quantity  would  be  less,  if  a  is  constant. 

Napier  supposes  a  quantity  of  dry  satu- 
rated steam  discharged  through  a  well- 
rounded  adjutage.  If  p3>  2  p^  his  formu- 
la is 


(46.) 
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V    v., 


(50) 


But  ifjp2<2i?i  it  is 

^=,420    /2±(X-2i~\2±  .     .(51.) 
F  V    p\         P-J  »2 

With  regard  to  Eq.  (50)  it  is  to  be  re- 
masked  that  it  gives  Eq.  (45)  under  the  hy- 
pothesis p.2>'lpy.  Rankine  infers  that  a 
varies  in  such  a  way  that 

is  constant.  I  accede  to  this  inference,  but 
shall  add  a  second  which  leads  to  important 
and  simple  principles,  by  which  (-45)  gives 
Napier's  results  exactly. 

Comparing  the  constant  factor  in  Napier's 
equation  (50)  with  (49),  and  assuming  that 

the  limiting  ratio  —  must  be  not  2,  but,  as 

in  the  case  of  dry  saturated  steam,  1.726  ; 
we  conclude  that  a  must  be  1 ;  that  is,  the 
efflux  section  equals  the  orifice  section. 
But  if  this  ratio  is  greater,  then  by  (46) 


-'a®h%f- 
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//     2     \    i        /n-1 

from  which  a  and  a  F  can  be  found. 

The  following  is  simpler,  giving  the  same 
result,  but  holds  only  for  tubes  and  round- 
ed orifices.     We  have 


P,       V.    2    J 


Now  if  the  given  pressure  ratio  is  greater 
than  or  equal  to  the  value  found  by  the  for- 
mula, then  in  (45)  put  a  =  1,  and  for   — 

the  value  given  by  (46).  Rankine's  hypo- 
thesis also  maintains  that  the  pressure  at 
the  orifice  can  not  fall  below  the  value  Pi= 

p2  J  — —  I"-*,  however    small    the   external 

pressure,  even  in  case  of  discharge  into  a 
vacuum. 

In  this  case  from  (15)  and  (48) 


V     fc-l 


n-f-i 


P2 


which  is  independent  of  external  pressure. 

Now  if  —  is  less  than  the  limiting  value, 

then  Napier's  equation  (51)  apphes.  But 
I  find  that  this  equation  is  nothing  more 
than  the  approximate  formula  of  (45), 
if  a  =  1,  and  px  represents  the  external 
pressure.  For  example,  if  Pi=l  and  p2  = 
1.2  or  1.4 

G 


F 


116.95  or  200.83  kilog.; 


while  Napier  gives  as  the  results  of  his  ex- 
periments 146.83  and  205.77. 


We  conclude  that  in  the  second  ease  the 
external  pressure  pv  extends  to  the  plane  of 
the  orifice,  and  at  either  side  the  efflux  sec- 
tion is  identical  with  the  orifice  section. 

For  the  efflux  of  gas  and  steam  we  ob- 
tain from  the  above  the  following  rule.  For 
tubes  and  well-rounded  orifices  the  quantity 
from  the  formula  (compare  (45)) 

without  co-efficients  of  correction.  The 
pressure  at  the  orifice  is  indicated  by  p,  and 
this  is  identical  with  pL  if 

Pi        v    2     J 

otherwise 

and  in  this  case  the  p  is  independent  of  the 
external  pressure/^. 

There  is  hardly  a  well-grounded  objection 
to  the  results  of  this  investigation,  though 
I  have  not  reviewed  the  methods  and  ex- 
amples of  the  earlier  paragraphs,  so  much 
trust  is  to  be  put  in  the  results  of  Napier's 
experiments,  yet  it  is  desirable  to  test  the 
principles  by  experiments  on  atmospheric 
air. 

The  earlier  experiments  of  Saint  Venant 
and  Wantzei  on  the  efflux  of  air  give  re- 
sults which  seem  to  confirm  our  conclusions, 
but  these  were  made  with  small  orifices. 
For  final  settlement  further  experiments 
should  be  made.  We  are  engaged  with 
such,  and  shall  return  to  the  subject  and 
examine  the  results  of  Weisbach  so  far  as 
they  refer  to  discharge  under  high  pressure. 


ON  A  NEW  MODE  OF  DEALING  WITH  SEWAGE  PEECIPITATES. 

By  MAJOR-GENERAL  H.  Y.  D.  SCOTT,  C.  B. 
From  the  "Journal  of  the  Society  of  Arts." 


No  class  of  doctors  have  differed  more 
than  sewage  doctors,  and  the  class  has  been 
recruited  from  widely  different  professions. 
Civil  engineers,  farmers,  chemists,  medical 
men,  and  clergymen  have  all  had  their 
nostrums,  and  each  sewage  doctor  has 
thought  his  neighbor  a  quack.  At  length, 
however,  there  appear  signs  of  meekness  in 
the  opposing  ranks,  and  the  sober-minded 
of  each  party,  whether  filtrationists,  pre- 
cipitatiomsts,  irrigationists,  or  disinfection- 
ists,  are  listening  with  more  attention  to  the 
views  of  their  opponents,  and  beginning  to 


conceive  it  possible  that  their  own  systems 
might  receive  aid  from  the  adoption  of  por- 
tions, at  least,  of  some  of  their  enemies' 
schemes.  The  following  propositions  will 
not,  I  believe,  be  contradicted  now  by  any 
but  enthusiasts : 

1.  Though  there  are  many  cases  in  which 
the  dry  earth  and  analogous  systems  may 
be  usefully  employed,  such  systems  are 
better  adapted  to  country  than  to  town 
hie. 

2.  Large  communities  congregated  in 
cities,    and  accustomed  to  the  convenience 
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and  cleanliness  of  water-closets,  will  not 
abandon  the  luxury  if  they  can  by  any 
means  retain  it. 

3.  If  the  excreta  could  be  disposed  of  by 
a  dry-earth  system  of  disinfection,  the 
animal  and  vegetable  matter,  e.  g.,  cabbage 
water,  the  scourings  of  plates  and  dishes, 
and  all  the  other  impurities  arising  from 
the  domestic  operations  of  daily  life,  must 
be  removed  by  water,  and  the  water  so 
used  must  be  purified  before  it  is  allowed  to 
run  into  our  streams  and  rivers. 

4.  For  the  final  purification  of  contami- 
nated water,  no  artificial  process,  whether 
chemical  or  mechanical,  can  compare  with 
filtration  through  a  considerable  depth  of 
soil  and  of  wide  extent  as  compared  with 
the  water  to  be  dealt  with. 

5.  However  valuable  sewage  may  be  to 
the  farmer  at  such  times  as  he  may  want  it, 
if  he  be  obliged  to  take  it  at  all  seasons,  he 
will  prefer  being  without  it. 

6.  Whether  sewage  is  to  be  utilized  for 
purposes  of  irrigation  or  to  be  simply 
cleansed  by  filtration,  it  is  advantageous  to 
remove  the  fecal  matters,  either  by  subsi- 
dence, by  filtration,  or  by  precipitation,  or 
by  a  combination  of  these  methods. 

7.  Sewage  is  a  comparatively  harmless 
and  inoffensive  compound  when  fresh,  but 
becomes  highly  offensive  and  deleterious 
when  it  has  undergone  putrefaction. 

8.  Putrefaction  is  greatly  encouraged  by 
the  presence  in  the  sewage-water  of  fecal 
matters,  and  their  removal  is,  therefore,  an 
important  object,  independently  of  the  irri- 
gation question. 

9.  The  fecal  matters  of  sewage  have  very 
little  value  as  fertilizers,  and  in  rare  cases 
only  can  repay  the  cost  of  collection  and 
distribution  for  agricultural  purposes. 

10.  Such  fecal  matters  cannot  be  collect- 
ed and  removed  without  creating  a  nuis- 
ance, unless  they  are  previously  treated  with 
a  considerable  portion  of  deodorizing  sub- 
stances. 

The  use  of  water,  then,  would  appear  to 
be  a  necessary  evil ;  and  if  it  be  granted 
that  the  civilized  being  will  prefer  taking 
the  chance  of  poisoning  his  neighbor  who 
lives  lower  down  the  stream  to  having  his 
own  senses  of  sight  or  smell,  or  his  senti- 
ment outraged,  which  would  appear,  by  the 
frequency  of  injunctions,  to  be  sufficiently 
proved ;  and  if  it  is  hopeless  to  innoculate 
the  Englishman  with  the  careful  practice  of 
the  Chinese  in  respect  of  his  excreta,  it  be- 
hooves us  at  once  to  endeavor  to  reduce  the 


nuisance  of  water  carriage  to  a  minimum. 
The  proposal  which  I  have  to  lay  before 
you  this  evening  is  an  effort  in  this  direc- 
tion. My  scheme  makes  no  claim  to  the 
complete  purification  of  sewage  water,  or  to 
supersede  irrigation  or  filtration,  when 
these  processes  can  be  carried  out,  nor  does 
it  pretend  to  extract  from  the  water  those 
highly  fertilizing  but  soluble  substances 
which  are  known  to  exist  in  sewage.  It 
aims  simply  at  removing  from  it  the  fecal 
matters  (which  are  injurious,  whatever  the 
destination  of  the  sewage)  by  the  cheapest 
possible  precipitants,  and  subsequently  con- 
verting what  has  proved  worthless,  as 
hitherto  dealt  with,  into  a  marketable  sub- 
stance. 

In  all  the  schemes  proposed  for  dealing 
with  the  deposit  of  sewage,  the  one  idea 
hitherto  has  been  to  convert  it  into  manure. 
The  chemist  may  have  demonstrated  that 
the  fertilizing  ingredients  of  the  deposit  are 
in  themselves  almost  valueless,  owing  to 
their  being  necessarily  laden  with  an  im- 
mense proportion  of  worthless  matter ;  he 
may  have  shown  that  the  deposit,  though  it 
may  have  increased  value  given  to  it  by  the 
introduction  of  fertilizers,  gains  its  improve- 
ment in  a  very  wasteful  manner ;  but  the 
idea  still  holds  its  ground,  and  within  the 
last  few  days  another  sewage  manure 
scheme  has  been  announced  to  the  public. 

As  early  as  1861,  the  Sewage  of  Towns 
Commissioners  stated  that,  "  the  value  of 
the  solid  portions  of  sewage  being  small, 
all  attempts  at  realizing  profits  from  its  pre- 
paration have  signally  failed ;"  and,  in  1870, 
their  successors,  the  Rivers  Pollution  Com- 
missioners, express  a  similar  opinion.  They 
tell  us  that  "  experience  has  warned  the 
manufacturer  of  these  feeble  manures  that 
the  value  indicated  by  chemical  analysis 
cannot  be  counted  on  in  the  market."  Dr. 
Odling  speaks  of  another  sewage  manure  as 
"  so  extremely  poor."  Krepp  says  :  "  These 
instances  are  enough  to  prove  that  solids 
extracted  from  fluid  sewage  cannot  be 
manufactured  into  dry  manure  so  as  to  pay 
for  the  trouble ;"  and  Mr.  Corfield,  the 
author  of  the  "  Treatment  and  Utilization 
of  Sewage,"  gives  his  testimony  that  "  the 
manures  that  they  produce  are  in  every 
case  very  inferior,  as  may  be  expected  froni 
the  known  value  of  the  sewage  constituents 
that  can  be  precipitated."  Nevertheless, 
sewage  manure  schemes  prosper,  showing 
this — if  they  show  nothing  more — that  the 
object  aimed  at — viz.,  the  satisfactory  util- 
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ization  of  sewage  slush,  is  one  of  the  ut- 
most importance  to  the  community,  and 
this  must  be  my  apology  for  bringing  my 
own  scheme  before  you  this  evening. 

It  must  be  conceded  that  the  plan  for 
dealing  with  the  question  which  I  am  about 
to  propose  will,  at  first  sight,  appear  even 
less  calculated  than  the  manure  schemes  to 
accomplish  the  desired  object ;  but  a  very 
small  amount  of  chemical  knowledge,  and  a 
few  words  of  explanation,  will  render  the 
reasonableness  of  the  process  evident,  and 
remove  any  objection  which  ignorance  may 
raise  to  the  employment  of  a  material  so 
prepared. 

Before  entering,  however,  upon  the  ex- 
planation of  the  process,  I  desire  to  call  your 
attention  to  one  feature  of  my  plan  of  deal- 
ing with  sewage,  not  necessary  to  the  suc- 
cessful treatment  of  the  sludge,  but  con- 
ducive to  good  results,  and  highly  desirable 
from  a  sanitary  point  of  view. 

The  attention  of  the  public  was  forcibly 
called,  towards  the  end  of  last  year,  to  the 
evil  results  which  may  arise  from  the 
escape  into  our  houses  of  sewer  gases, 
generated  by  the  decomposition  of  the 
organic  matters  in  sewage  ;  and  any  method 
which  would  tend  to  lessen  the  probabili- 
ties of  the  danger  which  the  nation  then  in- 
curred from  this  cause  is  well  worthy  of  its 
attention. 

In  the  precipitation  of  sewage,  and  for 
its  deodorization,  it  has  been  the  practice 
always  to  introduce  the  necessary  chemicals 
at  or  near  the  depositing  tanks,  and  to  em- 
ploy mixing  machinery  to  agitate  the 
chemicals  with  the  sewage  water  to  be 
operated  upon.  However  perfect  such  ma- 
chinery may  be,  the  mixture,  when  large 
bodies  of  fluid  are  present,  remains  incom- 
plete, and  much  of  the  material  introduced 
passes  off  in  the  effluent  water  without 
doing  its  work.  To  obviate  this,  I  have  in- 
troduced the  chemicals  at  a  point  of  the 
sewer  at  a  long  distance  from  the  outfall, 
and  have  taken  advantage  of  the  motion  of 
the  water  to  procure  their  thorough  admix- 
ture with  the  sewage. 

The  first  impression,  when  such  a  plan  is 
proposed,  is  that  the  precipitation  will  take 
place  in  the  sewer,  and  that  an  accumula- 
tion in  the  bottom  of  the  drain  of  the  pre- 
cipitated matters  must  result,  but  this  is  not 
the  case.  On  the  contrary,  the  slimy  gluti- 
nous nature  of  untreated  sewage  is  destroyed 
by  the  precipitation,  and  in  lieu  of  the  shme 
we  obtain  a  sort  of  curdling,  and  a  multi- 


tude of  small  floating  particles  are  produc- 
ed, which  actually  clean  and  scour  the 
drain  instead  of  choking  it.  Thus  it  fol- 
lows tha  t  no  fecal  matter  is  left  to  fester 
and  putrefy  on  the  sides  and  bottoms  of  the 
sewers,  and  the  whole  of  the  sewage  is  de- 
livered at  the  outfall  in  a  fresh  condition, 
deodorized  in  the  most  effectual  manner 
Avhich  the  chemical  employed  can  bring 
about.  At  Ealing,  where  this  system  is 
being  carried  out  by  my  brother,  Mr.  T. 
W.  Scott,  subject  to  the  supervision  of  Mr. 
C.  Jones,  the  engineer  of  the  Local  Board, 
the  results  are  very  striking.  The  sewer- 
age has  two  main  branches,  one  from  the 
railway  station  end  of  the  village,  the  other 
from  Ealing  Dean,  and  the  lime  is  intro- 
duced in  the  former  one  at  a  distance  of 
three  minutes'  walk  from  the  station 
and  twenty  minutes'  walk  from  the 
tanks.  In  this  branch  the  drain  is  clean 
throughout ;  from  the  Ealing  Dean  sewer, 
with  each  flooding  from  heavy  rains, 
we  get  down  a  quantity  of  decomposing 
sewage,  and  the  drain  is  found  to  be  greasy, 
slimy,  and  coated  with  black  deposit. 
Moreover,  in  the  first  drain,  the  formation 
of  sewer  gases  being  arrested  by  the  rapid 
removal  of  matters  which  might  otherwise 
putrefy,  the  atmosphere,  of  the  drains  is 
found  to  be  so  inoffensive  as  to  occasion  lit- 
tle annoyance  to  the  workmen  who  visit 
them.  The  importance  of  these  results 
cannot  be  over-rated,  and  this  mode  of  in- 
troducing the  chemicals  has  no  less  an  au- 
thority in  its  favor  than  that  of  the  Presi- 
dent of  the  Civil  Engineers,  who  recom- 
mends its  adoption  for  Birmingham. 

All  processes  for  the  precipitation  of 
sewage  depend  for  their  efficiency  upon  a 
very  simple  action.  Sewage,  as  has  been 
said,  is  slimy  and  glutinous.  Though  the 
grosser  particles  in  the  liquid  will  subside 
on  standing,  the  liquid  will  not  clear  itself 
unless  a  coagulation  is  produced  in  it  which 
can  lay  hold  of  the  solid  suspended  matters. 
The  effect  of  adding  chemicals  which  will 
unite  with  some  substance  in  the  fluid,  or 
with  each  other,  is  to  produce  this  coagula- 
tion. It  thus  happens  that,  with  the  min- 
eral matter  so  formed,  the  whole  of  the  fe- 
cal matters  are  entangled  and  subside,  leav- 
ing the  liquid  more  or  less  colorless  and 
bright.  These  fecal  matters  consist  in  large 
part  of  organic  compounds,  which,  when 
dried  and  distilled,  yield  great  quantities  of 
inflammable  gases.  In  India,  indeed,  they 
have  been  used  for  illuminating  purposes. 
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The  dried  slush  will  burn  freely  when  col- 
lected in  some  quantity.  This  fuel  plays 
an  important  part  in  my  process,  as  will 
hereafter  appear. 

Various  methods  have  been  employed 
for  the  precipitation  of  sewage,  and  the 
mere  enumeration  of  them  would  occupy 
more  time  than  we  have  at  our  disposal. 
Many  of  them  clarify  and  deodorize  the 
sewage  in  a  very  satisfactory  manner,  but 
the  expense  of  the  chemicals  necessary,  and 
the  worthlessness  of  the  products  obtained, 
have  been  a  bar  to  their  successful  applica- 
tion. They  have,  consequently,  one  after 
the  other,  been  abandoned,  and  have  often 
been  pronounced  unsatisfactory,  owing  to 
the  economical  views'  of  the  governing  bod- 
ies of  the  places  which  have  tried  them, 
and  which  have  led  to  such  a  reduction  of 
the  chemicals  used  as  entirely  to  vitiate  the 
process.  It  is  manifestly,  therefore,  of  im- 
portance that  the  chemicals  employed  should 
be  of  the  cheapest  possible  description  ;  for  in 
proportion  to  their  value  will  be  the  likeli- 
hood of  the  recurrence  of  such  economy 
when  the  slightest  difficulty  or  delay  arises 
in  the  advantageous  disposal  of  the  pro- 
duct; and  this  difficulty  has  been  one  of 
the  worst  drawbacks  to  every  process  yet 
tried.  Of  all  the  precipitating  ingredients 
yet  employed,  lime  has  proved  the  simplest 
in  application,  and  least  costly.  Dr.  Leth- 
eby,  writing  in  the  medical  press,  ob- 
serves on  it :  "  In  a  sanitary  point  of  view, 
the  careful  precipitation  of  sewage  with 
lime  has  undoubtedly  been  very  successful, 
although  it  has  not  been  found  a  success 
commercially ,  for  the  precipitate  is  chiefly 
composed  of  carbonate  of  lime  and  non- 
nitrogenous  organic  matter."  Wherever, 
indeed,  this  process  has  been  fairly  tried, 
a  remarkable  improvement  of  the  neighbor- 
ing streams  has  taken  place.  "  The  Tot- 
tenham Local  Board  of  Health,"  says  Dr. 
Letheby,  "  were  so  pleased  with  the  pro- 
cess, that  in  the  early  part  of  1857  they 
published  a  testimonial  to  the  .effect  that 
Mr.  Higgs  was  treating  in  a  most  satisfac- 
tory manner  the  sewage  of  from  thirty  to 
forty  miles  of  sewers,  and  discharging  the 
supernatant  water  in  a  comparatively  pure 
state  into  the  river  Lea,  so  that  the  Board 
were  thus  enabled  to  sewer  and  drain  their 
populous  district  without  annoyance  to  any- 
one. At  Leicester,  also,  in  1858,  three 
years  after  Mr.  Wicksteed's  works  had 
been  established,  the  river  Soar  had  be- 
come changed  from  a  most  foul  and  pesti- 
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lential  stream  into  a  comparatively  pure 
river  ;  for  before  the  sewage  was  purified  by 
Mr.  Wicksteed's  (lime)  process  the  water 
of  the  river  was  black  with  decomposition, 
all  the  fish  and  aquatic  plants  had  been 
killed,  and  persons  exposed  to  its  influence 
were  constantly  ill.  At  the  Belgrave  Mill, 
which  is  just  below  the  point  where  the 
sewage  enters  the  river,  the  foulness  of  the 
stream  was  such  that  in  the  summer  time 
the  water  of  the  mill-dam  appeared  to  boil 
with  putrefaction,  and  the  stench  was  in- 
tolerable. So  large,  indeed,  was  the  quanti- 
ty of  sulphuretted  hydrogen  evolved  from 
the  water,  that  the  silver  in  the  men's  pock- 
ets turned  black  in  a  few  hours,  and,  as 
might  be  expected,  those  who  worked  at 
the  mill  were  constantly  affected  with  diar- 
rhoea, and  rapidly  fell  off  in  health.  One 
man  only,  out  of  thirty,  in  eighteen  years, 
had  been  able  to  withstand  the  effects  of  the 
effluvium,  and  he  it  was  who  gave  us  an 
account  of  the  matter.  But  soon  after  the 
lime  process  had  been  adopted,  the  river 
presented  an  entirely  different  appearance, 
for  aquatic  plants  had  begun  to  flourish,  the 
fish  had  returned,  the  black  mud  had  ceas- 
ed to  accumulate,  and  the  mill-dam  was  no 
longer  offensive.  All  along  the  stream  the 
people  spoke  of  the  change  with  satisfaction, 
for  the  process  had  evidently  fulfilled  the 
requirements  of  the  local  Act  of  Parliament, 
which  demands  that  the  sewage  water  dis- 
charged into  the  river  from  the  works  shall 
not  occasion  a  nuisance,  or  be  injurious  to 
the  health  of  those  who  five  or  are  employ- 
ed upon  the  banks  of  the  stream."  Dr. 
Letheby  goes  on  to  say : — "  At  first  the 
patentees  of  this  process  were  so  sanguine  of 
commercial  success,  and  entertained  such 
extravagant  opinions  of  the  fertilizing  pow- 
er of  the  dried  sewage  precipitate,  which 
they  called  '  sewage  guano,'  that  great 
and  unnecessary  expense  was  encountered 
in  the  construction  of  the  works  at  Totten- 
ham and  Leicester.  They  were  built,  in 
fact,  with  a  view  to  commercial  profit  rather 
than  for  sanitary  purposes  ;  and,  therefore, 
as  soon  as  it  was  found,  from  experience, 
that  the  manufactured  product  had  little  or 
no  agricultural  value,  and  that  the  under- 
taking was  unprofitable,  the  works  were 
abandoned  by  the  patentees  and  transferred 
to  the  local  authorities.  In  the  case  of  Tot- 
tenham, the  machinery  and  plant,  erected  at 
great  cost  by  Mr.  Higgs,  was  purchased  at 
an  almost  nominal  price  by  the  Local  Board, 
who  could,  therefore,  well  have  afforded  to 
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use  their  property  for  sanitary  purposes  ; 
but  instead  of  this,  although  ample  proof 
had  been  afforded  of  their  sanitary  capabili- 
ties (as  witnessed  by  the  testimonial  of  the 
Board  to  Mr.  Higgs  in  the  month  of  Feb- 
ruary, 1857),  yet  they  were  so  neglected  and 
improperly  managed  as  to  have  become  at 
last  a  mere  pretence  of  the  objects  for  which 
they  were  designed  and  employed.  The 
contrast,  indeed,  between  the  condition  of 
things  in  1857,  as  described  in  the  testimo- 
nial of  the  Board,  and  subsequently,  was 
most  marked  ;  for  at  that  time — to  use  the 
language  of  the  testimonial — the  superna- 
tant water  was  discharged  in  a  compara- 
tively pure  state  into  the  river,  so  that  the 
Board  by  these  means  were  able  satisfactorily 
to  sewer  and  drain  their  populous  district, 
and  dispose  of  the  sewage  without  annoy- 
ance to  any  one.  Almost  as  soon,  however, 
as  the  works  had  passed  into  the  hands  of 
the  local  authority,  the  process  was  so  im- 
perfectly conducted  that  the  Trustees  of  the 
River  Lea  were  obliged  to  commence  legal 
proceedings,  on  account  of  the  pollution  of 
the  river  and  the  nuisance  created  by  the 
discharge  of  foul,  undefecated  sewage  from 
the  works,  and  this  at  last  became  so  serious 
that  an  injunction  was  obtained  to  prohibit 
the  offensive  practice  of  the  Board." 

Dr.  Letheby  then  states  that  at  Leicester 
also  the  process  had  recently  been  seriously 
neglected,  and  that  at  the  time  of  a  visit 
which  he  had  paid  to  the  works  the  estima- 
ted quantity  of  lime  necessary  was  not  being 
used,  and  the  river  was  fast  returning  to 
the  unwholesome  condition  in  which  it  was 
before  Mr.  Wicksteed  established  his  works. 
The  annual  cost  of  conducting  the  works 
being  about  £1,400,  and  the  sale  of  the 
manure  amounting  only  to  £400,  the  loss 
had  led  to  greater  and  greater  neglect  in 
the  conduct  of  the  works,  and,  as  Dr.  Lethe- 
by adds,  "It  is  not  unlikely  that  the  foul 
condition  of  the  river  may  be  wrongly  at- 
tributed to  a  failure  of  the  lime  process 
per  se,  rather  than  to  the  carelessness  and 
false  economy  of  those  who  have  had  the 
management  of  it." 

The  precipitation  of  sewage  by  lime, 
however,  has  been  generally  regarded  by 
chemists  as  satisfactory,  whenever  a  suffi- 
ciency of  lime  for  the  purpose  has  been 
employed.  Dr.  Hofmann,  Mr.  "Witt,  Dr. 
Clark,  Dr.  Crace  Calvert,  Mr.  Versmann, 
Dr.  Frankland,  Dr.  Odling,  Dr.  Angus 
Smith,  Mr.  Aiken,  Dr.  Alfred  S.  Taylor, 
Dr.    Normandy,   and  Dr.    Miller   have   all 


testified  to  its  efficiency  when  fairly  used ; 
and  wherever  it  has  failed,  the  failure,  as 
Dr.  Letheby  says,  is  entirely  due  to  the 
carelessness  and  parsimony  of  those  who 
have  hitherto  had  the  management  of  the 
process.  Lime  is  one  of  the  principal 
precipitating  ingredients  of  both  the  phos- 
phate and  sulphate  of  alumina  systems. 

At  the  commencement  of  my  paper,  I 
suggested  that  the  civilized  being  pre- 
ferred taking  the  chance  of  poisoning  his 
neighbor  who  lives  below  him  on  the  river, 
to  having  his  own  senses  of  sight,  or  smell, 
or  his  sentiment,  outraged ;  and  I  might 
with  equal  truth  have  added  that  the  phi- 
lanthropy of  Local  Boards  and  other  parish 
authorities  begins  and  ends  at  home.  A 
measure  which  would,  for  the  benefit  of 
other  communities,  tax  the  rate-payers  who 
elect  them,  can  never  find  favor  with  such 
bodies,  and  amongst  the  evils  of  the  water 
carriage  is  the  facility  which  it  gives  for 
transferring  the  whole  of  one's  own  nasti- 
ness  to  the  dwellings  of  one's  neighbors. 
Even  that  great  and  good  man,  Dr.  John- 
son, could  not  resist  the  temptation  of 
throwing  the  snails  he  found  in  his  own 
garden  into  the  garden  adjoining,  and  it  is 
improbable  that  any  place  in  the  kingdom 
will  be  found  sufficiently  unselfish  to  tax 
itself  for  the  sake  of  the  health  and  com- 
fort of  the  next  parish.  Injunction  and 
compulsion  are  the  only  remedies  available. 
In  such  matters,  however,  the  probable 
influence  of  parsimony  on  the  success  of  a 
process  ought  not  to  be  neglected,  and  it  is 
among  the  advantages  of  the  process  I  am 
proceeding  to  describe  to  you,  that  the 
materials  employed  are  not  only  the  cheap- 
est available  for  the  purpose,  but  for  the 
particular  object  to  which  I  apply  them  no 
saving  is  effected  byr  scrimping  their  use. 

We  owe  the  lime  process  to  a  treatment 
for  softening  and  purifying  water,  patented 
by  Dr.  Clark,  in  1841.  He  showed  that 
carbonate  of  lime  being  to  some  considerable 
extent  soluble  in  solution  of  carbonic  acid 
gas,  and  scarcely  so  in  pure  water,  it  was 
only  necessary  to  add  to  water  thus  impreg- 
nated a  sufficiency  of  quick -lime,  to  com- 
bine with  the  free  carbonic  acid  gas,  in 
order  to  precipitate  both  the  dissolved  car- 
bonate of  lime  and  that  which  is  formed  by 
the  combination  of  the  quick-lime  added 
and  such  carbonic  acid.  It  was  also  found, 
in  the  application  of  this  process,  that  the 
precipitate  thus  produced  removed  from  the 
water  a  notable  quantity   of  dissolved  or- 
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game  matter,  as  well  as  impurities  held  in 
suspension,  and  hence  its  great  value  as  a 
precipitant  of  sewage.  Now,  a  much 
smaller  amount  of  lime  than  is  sufficient  to 
throw  out  of  solution  all  the  carbonate  of 
lime  present  will  suffice  to  produce  clarifi- 
cation after  standing.  There  are  phos- 
phoric acid  and  various  fatty  acids,  besides 
carbonic  acid,  present  in  the  sewage  water, 
which  will  produce  precipitates  with  lime  ; 
and,  until  the  carbonic  acid  is  saturated, 
each  quantum  of  lime  added  will  produce 
a  double  quantity  of  lime  in  the  deposit,  by 
throwing  out,  as  has  been  said,  not  only  the 
carbonate  of  lime  in  solution,  but  also  the 
introduced  lime,  by  its  combination  with  the 
carbonic  acid,  which  up  to  the  period  of  this 
addition  held  the  carbonate  of  lime  in  solu- 
tion as  a  bicarbonate.  Consequently,  if  the 
mineral  deposit  thrown  down  by  the  lime 
has  any  commercial  value — and  I  hope  to 
show  you  that,  in  the  minds  of  those  best 
capable  of  judging,  it  has — there  is  an 
economy  in  not  being  too  niggardly  in  its 
use. 

Another  substance  which  has  a  recog- 
nized purifying  and  decolorizing  action,  and 
which  is  at  the  same  time  generally  avail- 
able, and  of  nominal  cost,  is  clay.  Clay 
has  been  used  for  defecating  sewage,  both 
in  its  ordinary  conditions  and  partially 
dissolved  in  sulphuric  acid.  In  the  ABC 
process,  out  of  2,581  parts  by  weight,  of 
precipitating  compound,  it  is  specified  that 
25  parts  shall  be  burned  clay,  1,900 
parts  ordinary  clay,  and  600  parts  of  alum, 
of  which  alumina — an  important  ingredient 
of  clay — forms  part.  Again,  in  the  sul- 
phate of  alumina  process,  for  every  100,000 
gallons  of  sewage,  Dr.  Anderson  used, 
according  to  Dr.  Letheby,  9g  cwt.  of  sul- 
phated  material,  compounded  in  the  pro- 
portion of  one  part  of  common  sulphuric 
acid  to  two  parts  of  ordinary  clay,  mixed 
with  its  own  bulk  of  water ;  and,  in  some 
form  or  other,  clay  is  an  ingredient  speci- 
fied in  many  other  sewage  processes.  In 
fact  it  was  a  well-recognized  fact  that 
alumina  and  oxide  of  iron,  even  in  the  con- 
dition in  which  they  exist  in  common  earth, 
have  the  power  of  absorbing  noxious  gases, 
fixing  soluble  organic  matters,  and  of  other- 
wise purifying  sewage. 

In  lime  and  clay,  then,  we  have  these 
two  substances  readily  obtainable  every- 
where— the  one  at  little  cost  and  the  other 
at  a  nominal  price — and  well  calculated  for 
precipitating  and  defecating  sewage.  More- 


over, those  substances  react  on  each  other, 
and  thereby  increase  the  effect  which  each 
separately  is  capable  of  producing.  Sup- 
posing we  have  finely  divided  clay  suspend- 
ed in  pure  water,  the  addition  of  lime  will 
cause  the  particles  of  clay  instantly  to  col- 
lect and  precipitate.  There  is,  in  fact,  con- 
siderable affinity  between  lime  and  clay. 

It  so  happens  that  these  ingredients,  car- 
bonate of  lime  (the  substance  precipitated 
on  the  addition  of  lime  to  ordinary  sewage 
water)  and  clay,  are  the  chief  components 
of  those  limestones  which  yield  on  calcina- 
tion hydraulic  limes  and  hydraulic  cements. 
This  discovery  was  first  made  by  Srneaton, 
the  celebrated  engineer,  who  says,  "  I  have 
never  found  any  limestone  containing  clay 
in  a  considerable  quantity  but  what  was 
good  for-  water  building."  Subsequently, 
Vicat  determined  the  proportions  of  clay 
which  it  was  necessary  limestones  should 
contain,  in  order  to  yield  limes  possessing 
in  greater  or  less  degree  the  property  of 
setting  in  water.  He  found  that  limestones 
containing  from  8  to  12  per  cent,  of  clay 
yielded,  on  calcination,  limes  feebly  hydrau- 
lic ;  that  limestones  containing  from  15  to 
18  per  cent,  yielded  hydraulic  limes ;  and 
those  containing  from  20  to  25  per  cent,  of 
clay  yielded  eminently  hydraulic  limes. 
Acting  on  these  principles,  Yicat  established 
a  factory  at  Meudon,  near  Paris,  at  which 
artificial  limes  are  made  by  calcining  mix- 
tures of  chalk  (carbonate  of  lime)  and  clay 
in  the  proportions  necessary  to  give  the  re- 
quired results.  In  this  country  also,  and 
abroad,  the  so-called  Portland  cement  has 
been  made  by  calcining  at  a  high  tempera- 
ture 75  per  cent,  of  chalk  (or  carbonate  of 
lime  ground  to  powder  when  chalk  is  not 
available)  intimately  mixed  with  25  per 
cent,  of  clay.  The  process  commences  by 
triturating  together  in  a  wash  mill  chalk 
and  clay  in  those  proportions  with  a  large 
quantity  of  water.  From  the  chalk  mill  there 
is  an  overflow  by  which  the  water,  which  is 
constantly  running  into  the  wash  mill,  may 
pass  off,  carrying  with  it  some  of  the  chalk 
and  clay  in  suspension.  The  indky  fiuid  thus 
produced  is  allowed  to  run  into  large  tanks 
or  is  pumped  into  them,  the  coarser  parti- 
cles being  detained  in  the  channels  leading 
to  the  tanks  by  catch  pits,  or  some  other 
means.  When  the  tanks  are  full,  the  solid 
matters  are  allowed  to  subside,  the  top 
water  is  drained  off  as  far  as  possible,  and  the 
operation  of  running  the  mixture  into  the 
tanks  is  again  commenced.     As  the   mat- 
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ters  in  suspension  do  not  very  readily  set- 
tle, the  process  of  filling  the  tanks  with  the 
mixture  is  slow  and  tedious ;  owing,  also,  to 
the  greater  fineness  of  the  division  of  the 
clay  than  can  be  produced  by  reducing 
chalk  to  a  powder,  there  is  a  considerable 
tendency  to  separation  between  the  chalk 
and  the  impalpable  particles  of  clay,  which 
is  rectified  as  far  as  may  be  by  subsequent 
admixture  of  the  compounds,  either  in  the 
process  of  removal  for  drying,  or  after  the 
mixture  has  been  burned  to  cement  and 
gnmnd  to  powder. 

It  will  be  readily  seen  that  there  must 
be  a  great  similarity  between  the  compound 
thus  produced  and  that  which  results  from 
introducing  quick-lime  and  clay,  in  the 
proper  proportions,  for  cement  or  hydraulic 
lime,  into  a  drain  at  some  distance  from  the 
settling  tanks,  or  into  suitable  mixing  ves- 
sels where  the  ingredients  can  be  thorough- 
ly incorporated  with  the  sewage  water  and 
with  each  other. 

The  chief  points  of  difference,  which  are 
entirely  in  favor  of  the  sewage  process, 
are  : — 

1st.  The  more  intimate  mixture  which 
can  be  brought  out  in  the  sewage  water, 
owing  to  the  impalpable  nature  of  the  pre- 
cipitate of  carbonate  of  lime  which  takes 
place  on  the  addition  of  the  lime. 

2d.  The  more  rapid  settlement  of  the 
sewage  precipitate  than  the  mixture  of  chalk 
and  clay. 

3d.  The  amount  of  organic  matters  which 
is  carried  down  from  the  sewage  with  the 
carbonate  of  lime  and  clay,  and  which  will 
serve  for  the  fuel  to  burn  the  mixture  to 
lime  or  cement. 

The  amount  of  fuel,  indeed,  which  the 
slush  will  afford  is  so  large,  that  in  the  ab- 
sence of  any  better  mode  of  getting  rid  of 
the  nuisance,  and  in  consequence  of  the  loss 
which  results  from  attempting  to  deal  with 
it  as  a  manure,  it  has  been  proposed  to  de- 
stroy it  by  burning  it. 

Mr.  Thomas  Hawksley,  President  of  the 
Institute  of  Civil  Engineers,  for  instance, 
gave  in  evidence  a  week  or  two  since,  before 
the  Committee  of  the  House  of  Commons  on 
the  Birmingham  Sewerage  Bill,  the  opinion 
that  "it  was  practicable  to  burn  the  sludge, 
which  contained  a  great  deal  of  combustible 
matter,"  and  Mr.  F.  J.  Bramwell,  C.  E., 
also  gave  evidence  that  "  the  sludge  deposit- 
ed at  Saltley  contains  about  15  per  cent,  of 
solid  matter,  and  of  that  40  per  cent,  is 
combustible,  and  therefore  could  be  used  as 


fuel."  Professor  Abel,  one  of  the  members 
of  the  Council  of  this  Society,  who  has  for 
many  years  given  great  attention  to  the  ques- 
tion of  limes  and  cements,  after  witnessing 
one  of  the  earliest  experiments,  gave  the 
points  we  have  been  considering  careful  at- 
tention, and  arrived  at  the  conclusion  that 
the  gain  in  lime  and  other  mineral  matters 
derived  from  the  sewage  water,  the  collection 
from  the  sewage  of  combustible  matter  re- 
quired for  the  burning  of  the  deposit  into 
cement,  and  the  thorough  incorporation  of 
th.9  cement-producing  materials,  must  com- 
bine to  render  the  production  of  cement, 
through  the  agency  of  this  method  of  sewage 
treatment,  a  profitable  business  in  large 
towns. 

After  the  mixture  of  the  ingredients  has 
been  made,  and  the  top  water  drained  off, 
the  subsequent  operations  are  similar, 
whether  the  process  is  that  ordinarily  em- 
ployed for  making  cement,  or  the  one  now 
proposed.  In  each  case  the  mixture  has  to 
be  dried,  and  this  operation  may  be  perform- 
ed most  readily  on  tiled  floors  with  heated 
flues  beneath  them,  such  as  are  used  in  the 
potteries  for  drying  clay. 

It  might  be  supposed  that  the  process  of 
drying  the  sewage  matters  which  are  pre- 
cipitated with  the  lime  and  clay  would  be  a 
very  disagreeable  one,  but  it  is  not  so.  I 
here  exhibit  to  you  some  of  the  deposit  in 
question,  a  portion  of  which  is  also  under- 
going the  drying  process  on  the  table,  and 
you  will  find  them  quite  inoffensive.  Even 
after  four  months,  we  have  found  that  the 
deposit  is  still  without  smell ;  and  though 
the  time  of  the  year  at  which  the  experiment 
has  been  made  may  have  been  very  favora- 
ble, yet  it  can  hardly  be  doubted  that,  even 
in  the  heat  of  summer,  the  deposit  would 
remain  free  from  smell  for  some  days,  and 
it  could  be  treated,  if  necessary,  day  by  day. 
In  order,  however,  that  on  so  important  a 
point  as  this  you  may  have  the  fullest  evi- 
dence, I  will  again  refer  you  to  that  recent- 
ly given  before  the  Committee  of  the  House 
on  the  Birmingham  Sewerage  Bill  on  this 
question.  Dr.  Voelcker,  consulting  chemist 
of  the  Poyal  Agricultural  Society,  stated  : 
"Experiments  as  to  making  cements  from 
detritus  according  to  General  Scott's  plan, 
are  by  no  means  a  nuisance."  "  The  sus- 
pended matters  in  sewage  are  always  very 
offensive,  and  that  is  the  reason  why 
populations  are  so  anxious  to  get  rid  of 
them.  If  they  were  allowed  to  accumulate, 
they  would,  of  course,  get  into  a  state  of 
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putrefaction,  but  you  can  use  chemical 
action  upon  them,  and  even  when  they 
accumulate  for  a  certain  time — by  General 
Scott's  plan,  especially — they  can  be  kept 
free  from  putrefaction."  Dr.  Frankland, 
Professor  of  Chemistry  at  the  College  of 
Chemistry,  and  one  of  the  Pavers  Pollution 
Commissioners,  says  of  the  lime  and  clay 
process  of  precipitation  :  "  The  deposit,  also, 
would  be  absolutely  inodorous ;  "  and  Mr. 
F.  J.  Bramwell,  C.  E.,  states :  "  No  injury 
would  be  likely  to  arise  in  the  way  of  nui- 
sance from  dealing  with  the  sludge  in  the 
manner  proposed." 

Having  cleared  away,  as  I  trust,  any 
doubts  you  may  have  as  to  the  inoffensive- 
ness  of  the  process  of  drying,  I  proceed  to 
the  last  stage  of  the  manufacture,  in  which 
also  some  very  unfounded  suspicions  may 
naturally  exist  in  the  minds  of  those  who 
have  not  had  the  advantage  of  that  techni- 
cal education  concerning  which  so  much  is 
said  and  so  little  done.  Before,  however, 
taking  up  the  question  of  calcination  of  the 
dried  deposit,  I  ought  to  call  your  attention 
to  the  fact  that  in  the  dry  condition  the 
compound  has  by  no  means  a  disagreeable 
odor.  I  can  hardly  say  of  it,  as  it  is  said  of 
the  Chinese  "  tafo,"  a  somewhat  similar 
material,  that  it  has  the  smell  of  violets,  but 
I  am  quite  certain  that  no  one  would  have 
the  least  suspicion  of  its  origin,  either  from 
its  appearance  or  odor.  Some  visitors  to 
the  works,  indeed,  have  pronounced  that  it 
has  the  smell  of  new  bread ;  but  I  leave  it 
to  you  to  judge  of  this  for  yourselves.  I 
have  provided  a  small  store  of  the  com- 
pound for  distribution.  The  compound 
may  be  either  completely  dried  on  the  flues, 
or  it  may,  when  it  has  reached  a  certain 
consistency,  be  made  into  bricks  and  al- 
lowed to  dry  in  the  air,  as  has  been  done 
with  the  specimens  which  I  have  passed 
round  for  your  examination.  In  this  dry 
condition,  the  deposit  can  be  preserved  for 
any  time  without  creating  the  slightest 
nuisance,  and  it  is  hardly  necessary  to 
point  out  that,  from  the  commercial  point 
of  view,  it  is  of  no  small  consequence  that 
the  raw  material  should  be  inexpensive, 
especially  when  it  is  possible  that  the  fin- 
ished manufacture  may  remain  on  hand  for 
some  time.  To  give  an  example  of  what  I 
mean,  I  may  explain  to  you  that  the  deposit 
which  they  are  now  obtaining  from  the 
Leeds  sewage  is  not  being  disposed  of  as  it 
is  produced,  and,  as  I  understand,  it  is  the 
intention  of  the  Native  Guano  Company  to 


preserve  it  for  twelve  months,  in  order  to 
improve  its  quality  by  fermentation.  Now, 
the  value  of  the  materials  required  for  pre- 
cipitating 252,352  gallons  is,  according  to 
the  Rivers  Pollution  Commissioners,  £1 
18s.  5d.,  without  assigning  any  value  at  all 
to  the  1,156  lbs.  of  clay  used,  and  the  7  lbs. 
of  blood,  whereas  the  value  of  materials, 
including  the  clay,  used  in  the  cement  pro- 
cess for  the  same  quantity  of  water  would 
not  exceed,  in  the  generality  of  cases,  4s. 
6d.,  and  could  not  in  any  place  in  the 
country  exceed  7s.  6d. 

On  these  data,  a  year's  supply  of  chemi- 
cals at  a  place  like  Leeds  would,  in  the 
ABC  process,  which  is  now  being  tried  there 
on  a  portion  of  the  sewage,  cost  upwards  of 
£30,000  per  annum.  The  supply  of  mate- 
rials for  the  same  period  for  the  cement 
process  would  not  exceed  £6,000  or  £7,000. 
I  say  nothing  about  the  value  of  the  ma- 
nure resulting  from  the  ABC  process,  or 
the  cement  produced  by  mine,  the  point  to 
which  I  desire  to  draw  your  attention  here 
being  simply  the  amount  of  capital  required 
for  the  purchase  of  the  materials  in  the 
two  cases. 

For  the  phosphate  of  alumina  process 
the  cost  of  the  chemicals  would  exceed 
£45,000  per  annum  in  such  a  case  as 
Leeds,  and  for  the  sulphate  of  alumina  sys- 
tem would  considerably  exceed  £20,000 
per  annum. 

To  return,  however,  to  the  question  of 
calcination.  It  has  been  constantly  ob- 
jected, by  persons  unacquainted  with  the 
elements  of  chemistry,  that  cement  derived 
from  such  a  source  must  have  some  of  the 
objectionable  qualities  of  sewage,  and  must 
therefore  be  unsuited  for  plastering  the 
walls  of  our  houses  ;  but  people  do  not  con- 
sider that  to  employ  the  material  as  manure 
for  the  vegetables  they  eat  is,  in  itself,  far 
more  repugnant  to  our  natural  feelings.  I 
am  told  that  when  some  cement,  prepared 
from  sewage,  was  a  few  days  since  exhibited 
to  a  party  of  gentlemen,  some  of  them  could 
not  be  induced  to  touch  it,  though  they 
were  informed  that  the  material  had  heen 
subjected  to  calcination  at  a  high  tempera- 
ture, and  that  every  objectionable  element 
which  the  sewage  deposit  may  have  once 
contained  had  been  resolved  into  perfectly 
harmless  inorganic  compounds.  I  wonder 
if  the  same  gentlemen  had  been  informed 
that  the  vegetables  before  them  at  their 
dinner-table  were  from  Mr.  Morgan's  sew- 
age-farm   at    Barking,     they   would    have 
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turned  from  them  with  equal  disgust  ?  And 
yet,  if  the  fears  of  some  writers  on  the  sub- 
ject are  well  grounded,  disgust  in  the  latter 
case  would  not  be  without  some  reason. 
Passing  by  the  question  whether  water- 
cresses  grown  in  sewage  water  produce 
diarrhoea,  or  feeding  cows  on  sewage  grass 
causes  their  milk  to  turn  sour  more  quickly, 
or  whether  such  feeding  introduces  parasitic 
disease  into  our  beef  and  mutton,  it  must 
be  admitted  that  organic  life  is  materially 
modified  by  the  food  it  lives  upon  ;  but  no 
one  with  the  slightest  pretention  to  scientific 
knowledge  would  assert  that  a  single 
particle  of  a  deleterious  nature  can  be  left 
in  sewage-made  cement  after  calcination. 
On  the  other  hand,  many  will  be  found  who 
will  contend  that  the  practice  of  irrigation 
with  sewage  from  which  the  fecal  matters 
are  not  removed  is  liable  to  cause  diseases 
of  a  serious  nature,  as  well  as  a  dreadful 
nuisance,  and  that  the  only  certain  way  of 
preventing  the  propagation  of  the  seeds  of 
infection  which  may  reside  in  the  slush  is 
to  destroy  them  by  fire. 

I  think  I  may  venture  to  assert,  in  short, 
that  the  strongest  advocates  of  irrigation  or 
of  filtration  are  in  favor  of  the  removal  of 
the  slush  as  a  preliminary  measure ;  that 
most  of  the  authorities  prefer  that  this 
should  be  done  by  precipitation  ;  that  few 
of  the  chemists  who  have  studied  the  ques- 
tion of  manures  will  admit  that  sufficient 
fertilizing  ingredients  can  be  found  in  the 
slush  to  pay  for  the  expense  of  collecting 
and  drying  the  material ;  that  the  plan  of 
burning  the  slush  commends  itself  to  most 
of  the  chemists  and  engineers  who  have 
considered  the  various  modes  of  getting 
rid  of  its  nuisances  ;  and  that  the  combina- 
tion of  the  destruction  of  the  slush  by  fire 
with  the  preparation  of  cement,  for  which 
the  excellent  precipitants  and  deodorizers, 
lime  and  clay,  are  precisely  suited,  offers 
the  best  prospect  of  turning  an  otherwise 
waste,  useless,  and  noxious  product  into  a 
marketable  substance. 

That  I  am  not  overstraining  my  case  will 
be  evident  from  the  following  testimony, 
not,  be  it  remembered,  solicited  by  me,  but 
given  in  evidence  before  the  Parliamentary 
Committee  which  has  just  concluded  its 
labors  in  the  matter  of  the  Birmingham 
Sewerage  Bill. 

Dr.  William  Odling,  Professor  of  Chem- 
istry at  the  Royal  Institution,  said  :  "I 
don't  think  there  is  any  commercial  value 
in  the  matter  to  be  extracted  at  Dunton, 


except  in  its  use  as  Portland  cement."  And 
Dr.  Edward  Erankland,  P.R.S.,  one  of  the 
Commissioners  for  Inquiry  into  the  Pollution 
of  Rivers,  said:  "There  are  various  modes 
of  purifying  the  sewage,  and  I  should  pre- 
fer to  deal  with  the  sludge  according  to 
General  Scott's  system,  namely,  turning  it 
into  cement."  "  The  process  of  treatment 
at  Dunton,  which  I  would  recommend,  is  to 
mix  lime  and  clay  with  tbe  sewage  shortly 
before  it  reaches  the  tank.  That  would 
produce  a  complete  deposit  in  the  tanks, 
and  would  deodorize  the  sewage,  which 
would  flow  on  to  the  land  without  any 
smell  arising  from  it ;  and  the  deposit  also 
would  be  absolutely  inodorous.  That  de- 
posit would  be  dried  and  converted  into 
Portland  cement." 

But  it  may  be  objected,  these  are  the 
theoretical  ideas  of  men  of  science  which 
practice  would  not  justify.  I  therefore  re- 
fer with  satisfaction  to  the  evidence  to  the 
same  effect  given  by  an  eminent  engineer. 
Mr.  P.  J.  Bramwell,  C.  E.,  said  General 
Scott's  plan  of  "  converting  the  sludge  into 
cement  is  very  satisfactory,  and  from  what 
I  have  seen  of  the  cement  I  have  the  high- 
est opinion  of  it." 

I  have  one  more  opinion  to  give  you,  and 
this,  for  obvious  reasons,  I  have  reserved 
for  the  last.  It  is  given  in  the  evidence  of 
the  distinguished  engineer  who  occupies  the 
chair  this  evening.  If  it  is  not  what. he 
really  stated,  he  must  blame  the  reporters, 
but  the  Birmingham  papers  give  him  credit 
for  having  asserted  that  "  by  adopting  Gen- 
eral Scott's  process  it  (the  slush)  could  be 
converted  into  a  very  useful  and  valuable 
cement." 

Let  me  say,  in  conclusion,  that  at  the 
time  when  I  requested  Mr.  Hawksley  to 
take  the  chair  this  evening,  I  neither  knew 
the  opinion  he  had  expressed  nor  the  view 
he  took  of  the  matter.  I  believe,  indeed, 
that  his  evidence  must  have  been  given  and 
my  note  of  invitation  been  written  on  the 
same  day. 


The  Clinton  "Herald"  announces  that 
Colonel  Milo  Smith  has  closed  up  trans- 
actions and  passed  the  money  over  to  the 
amount  of  nearly  $40,000,  in  securing  th8 
necessary  grounds  and  the  right  of  way  for 
the  Chicago,  Burlington  and  Quincy,  the 
Chicago,  Clinton  and  Dubuque,  and  the 
Chicago,  Omaha  and  St.  Joe  railroads,  in 
that  city. 
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THE  INFLUENCE   OF   GAS   AND  WATER  PIPES  IN  DETERMINING 
THE  DIRECTION  OF  A  DISCHARGE  OF  LIGHTNING. 

By  Mr.  HENRY  WILDE. 
From  "The  Mechanics'  Magazine." 


As  very  considerable  damage  has  been 
done  lately  by  lightning,  the  following 
paper  from,  the  proceedings  of  the  Literary 
and  Philosophical  Society  of  Manchester 
may  prove  of  interest.  Although  the  in- 
vention of  the  lightning  conductor  is  one  of 
the  noblest  applications  of  science  to  the 
wants  of  man,  and  its  utility  has  been  es- 
tablished in  all  parts  of  the  world  by  the 
experience  of  more  than  a  century,  yet,  a 
sufficient  number  of  instances  are  recorded 
of  damage  done  by  lightning  to  buildings 
armed  with  conductors  to  produce,  in  the 
minds  of  some,  an  impression  that  the  pro- 
tective influence  of  lightning  conductors  is 
of  but  questionable  value. 

The  destruction  by  fire  of  the  beautiful 
church  at  Crumpsall  during  a  thunder-storm 
on  the  morning  of  the  4th  of  January  last, 
has  induced  me  to  bring  before  the  Society, 
with  a  view  to  their  being  known  as  widely 
as  possible,  some  facts  connected  with  the 
electric  discharge  which  have  guided  me 
for  some  years  in  the  recommendation  of 
means  by  which  disasters  of  this  kind  may 
be  averted. 

For  the  proper  consideration  of  this  sub- 
ject it  is  necessary  to  make  a  distinction  be- 
tween the  mechanical  damage,  which  is  the 
direct  effect  of  the  lightning  stroke,  and  the 
damage  caused  indirectly  by  the  firing  of 
inflammable  materials  which  happen  to  be 
in  the  line  of  discharge. 

Instances  of  mechanical  injury  to  build- 
ings, not  provided  with  conductors,  are  still 
sufficiently  numerous  to  illustrate  the  ter- 
rific force  of  the  lightning  stroke,  and  at 
the  same  time  the  ignorance  and  indiffer- 
ence which  prevail  in  some  quarters  with  re- 
spect to  the  means  of  averting  such  disas- 
ters ;  for  wherever  lofty  buildings  are  fur- 
nished with  conductors  from  the  summit  to 
the  base,  and  thence  into  the  earth,  dam- 
age of  the  mechanical  kind  is  now  happily 
unknown. 

Even  in  those  eases  where  lightning  con- 
ductors have  not  extended  continuously 
through  the  whole  height  of  a  building,  or 
where  the  lower  extremity  of  the  conductor 
has,  from  any  cause,  terminated  abruptly 
at  the  base  of  the  building,  the  severity  of 
the  stroke  has  been  greatly  mitigated,  the 


damage  being  limited,  in  many  cases,  to  the 
loosening  ot  a  few  stones  or  bricks. 

The  ever-extending  introduction  of  gas 
and  water  pipes  into  the  interior  of  build- 
ings armed  with  lightning  conductors  has, 
however,  greatly  altered  the  character  of 
the  protection  which  they  formerly  afford- 
ed, and  the  conviction  has  been  long  forced 
upon  me,  that,  while  buildings  so  armed  are 
effectually  protected  from  injury  of  the  me- 
chanical kind,  they  are  more  subject  to 
damage  by  fire. 

The  proximity  of  lightning  conductors  to 
gas  and  water  mains,  as  an  element  of  dan- 
ger, has  not  yet,  so  far  as  I  know,  engaged 
the  attention  of  electricians,  and  it  was  first 
brought  under  my  notice  at  Oldham  in 
1861,  by  witnessing  the  effects  of  a  light- 
ning discharge  from  the  end  of  a  length  of 
iron  wire  rope,  which  had  been  fixed  near 
to  the  top  of  a  tall  factory  chimney,  for  the 
purpose  of  supporting  a  long  length  of  tel- 
egraph wire.  The  chimney  was  provided 
with  a  copper  lightning  conductor  termina- 
ting in  the  ground  in  the  usual  manner.  In 
close  proximity  to  the  conductor,  and  par- 
allel with  it,  the  wire  rope  descended,  from 
near  the  top  of  the  chimney,  for  a  distance 
of  100  ft.,  and  was  finally  secured  to  an 
iron  bolt  inserted  in  the  chimney  about  10  ft. 
from  the  ground.  During  a  thunder-storm 
which  occurred  soon  after  the  telegraph 
wire  was  fixed,  the  lightning  descended  the 
wire  rope,  and,  instead  of  discharging  itself 
upon  the  neighboring  lightning  conductor, 
darted  through  the  ait  for  a  distance  of  16 
ft.,  to  a  gas  meter  in  the  cellar  of  an  adjoin- 
ing cotton  warehouse,  where  it  fused  the 
lead  pipe  connections  and  ignited  the  gas. 
That  the  discharge  had  really  passed  between 
the  end  of  the  wire  rope  and  the  lead  pipe 
connections,  was  abundantly  evident  from 
the  marks  made  on  the  chimney  by  the  fu- 
sion and  volatilization  of  the  end  of  the 
wire  rope,  and  by  the  fusion  of  the  lead 
pipe.  As  the  accident  occurred  in  the  day- 
time, the  fire  was  soon  detected  and 
promptly  extinguished. 

Another  and  equally  ins-tructive  instance 
of  the  inductive  influence  of  gas  pipes  in 
determining  the  direction  of  the  lightning 
discharge  occurred  in  the  summer  of  1863, 
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at  St.  Paul's  Church,  Kersal  Moor,  during 
divine  service.  To  the  outside  of  the  spire 
and  tower  of  this  church  a  copper  lightning 
conductor  was  fixed,  the  lower  extremity  of 
which  was  extended  under  the  soil  for  a 
distance  of  about  20  ft.  The  lightning  de- 
scended this  conductor,  but,  instead  of  pass- 
ing into  the  earth  by  the  path  provided  for 
it,  struck  through  the  side  of  the  tower  to  a 
small  gas  pipe  fixed  to  the  inner  wall.  The 
point  at  which  the  lightning  left  the  con- 
ductor was  about  5  ft.  above  the  level  of 
the  ground,  and  the  thickness  of  the  wall 
pierced  was  about  4  ft.;  but  beyond  the  frac- 
ture of  one  of  the  outer  stones  of  the  wall, 
and  the  shattering  of  the  plaster  near  the 
gas  pipe,  the  building  sustained  no  injury. 

That  the  direction  of  the  electric  discharge 
had,  in  this  case,  been  determined  by  the 
gas  pipes  which  passed  under  the  floor  of 
the  church,  was  evident  from  the  fact  that 
the  watches  of  several  members  of  the  con- 
gregation who  were  seated  in  the  vicinity  of 
the  gas  mains  were  so  strongly  magnetized 
as  to  be  rendered  unserviceable. 

The  church  at  Crumpsall  is- about  a  mile 
distant  from  that  at  Kersal  Moor,  and  the 
ignition  of  the  gas  by  lightning,  which  un- 
doubtedly caused  its  destruction,  is  not  so 
distinctly  traceable  as  it  is  in  other  cases 
which  have  come  under  my  observation,  be- 
cause the  evidences  of  the  passage  of  the 
electric  discharge  have  been  obliterated  by 
the  fire.  From  information,  however,  com- 
municated to  me  by  the  clerk  in  charge  of 
the  building  as  to  the  arrangement  of  the 
gas  pipes,  the  most  probable  course  of  the 
electric  discharge  was  ultimately  found. 

The  church  is  provided  with  a  copper 
lightning  conductor,  which  descends  outside 
the  spire  and  tower  as  far  as  the  level  of  the 
roof.  The  conductor  then  enters  a  large 
iron  down-spout,  and  from  thence  is  carried 
into  the  same  drain  as  that  in  which  the  spout 
discharges  itself.  Immediately  under  the 
roof  of  the  nave,  and  against  the  wall,  an 
iron  fine  of  gas  pipe  extended  parallel  with 
the  horizontal  lead  gutter  which  conveyed 
the  water  from  the  roof  to  the  iron  spout  in 
which  the  conductor  was  enclosed.  This 
fine  of  gas-piping,  though  not  in  use  for 
some  time  previous  to  the  fire,  was  in  con- 
tact with  the  pipes  connected  with  the  meter 
in  the  vestry,  where  the  fire  originated,  and 
was  not  more  than  3  ft.  distant  from  the  lead 
gutter  on  the  roof.  As  no  indications  of 
the  electric  discharge  having  taken  place 
through  the  masonry  were  found,  as  in  the 


case  of  the  church  at  Kersal  Moor,  it  seems 
highly  probable  that  the  lightning  left  the 
conductor  at  the  point  where  the  latter  en- 
tered the  iron  spout,  and  by  traversing  the 
space  between  the  leaden  gutter  and  the  fine 
of  gas-piping  in  the  roof,  found  a  more  easy 
path  io  the  earth  by  the  gas  mains  than 
was  provided  for  it  in  the  drain. 

In  my  experiments  on  the  electrical  con- 
dition of  the  teurestrial  globe  I  have  already 
directed  attention  to  the  powerful  influence 
which  lines  of  metal  extended  in  contact 
with  moist  ground,  exercise  in  promoting 
the  discharge  of  electric  currents  of  com- 
paratively low  tension  into  the  earth's  sub- 
stance, and  also  that  the  amount  of  the  dis- 
charge from  an  electro-motor  into  the  earth 
increases  conjointly  with  the  tension  of  the 
current  and  the  length  of  the  conductor  ex- 
tended in  contact  with  the  earth.  It  is  not, 
therefore,  surprising  that  atmospheric  elec- 
tricity, of  a  tension  sufficient  to  strike 
through  a  stratum  of  air  several  hundred 
yards  thick,  should  find  an  easier  path  to 
the  earth  by  leaping  from  a  lightning  con- 
ductor through  a  few  feet  of  air  or  stone  to 
a  great  system  of  gas  or  water  mains,  ex- 
tending in  large  towns  for  miles,  than  by 
the  short  line  of  metal  extended  in  the 
ground  which  forms  the  usual  termination 
of  a  lig-htning;  conductor. 

It  deserves  to  be  noticed  that  m  the 
cases  of  lightning  discharge  which  I  have 
cited,  the  lightning  conductors  acted  effi- 
ciently in  protecting  the  buildings  from  dam- 
age of  a  mechanical  nature — the  trifling 
injury  to  the  church  tower  at  Kersal  Moor 
being  directly  attributable  to  the  presence 
of  the  gas  pipe  in  proximity  to  the  conduc- 
tor. Nor  would  there  have  been  any  danger 
from  fire  by  the  ignition  of  the  gas  if  all  the 
pipes  used  in  the  interior  of  the  buildings 
had  been  made  of  iron  or  brass  instead  of 
lead  ;  for  all  the  cases  of  the  ignition  of  gas 
by  lightning  which  have  come  under  my  ob- 
servation have  been  brought  about  by  the 
fusion  of  lead  pipes  in  the  fine  of  discharge. 
The  substitution  of  brass  and  iron  wherever 
lead  is  used  in  the  construction  of  gas  ap- 
paratus would,  however,  be  attended  with 
great  inconvenience  and  expense,  and,  more- 
over, would  not  avert  other  dangers  incident 
to  the  disruptive  discharge  from  the  con- 
ductor to  the  gas  and  water  pipes  within  a 
building.  I  have  therefore  recommended 
that  in  all  cases  where  lightning  conductors 
are  attached  to  buildings,  fitted  up  with 
gas  and  water  pipes,  the  lower  extremity  of 
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the  lightning  conductor  should  be  bound  in 
good  metallic  contact  with  one  or  other  of 
snch  pipes  outside  the  building.  By  attend- 
ing to  this  precaution  the  disruptive  dis- 
charge between  the  lightning  conductor  and 
the  gas  and  water  pipes  is  prevented,  and 
the  fusible  metal  pipes  in  the  interior  of  the 
building  are  placed  out  of  the  influence  of 
the  lightning  discharge 

Objections  have  been  raised  by  some  cor- 
porations to  the  establishment  of  metallic 
connection  between  lightning  conductors 
and  gas  mains,  on  the  ground  that  damage 
might  arise  from  ignition  and  explosion. 
These  objections  are  most  irrational,  as  gas 
will  not  ignite  and  explode  unless  mixed 
with  atmospheric  air,  and  the  passage  of 
lightning  along  continuous  metallic  conduc- 
tors will  not  ignite  gas  even  when  mixed 
with  air.  Moreover,  in  every  case  of  the 
ignition  of  gas  by  lightning,  the  discharge 
is  actually  transmitted  along  the  mains,  such 
objections  notwithstanding.  A  grave  respon- 
sibility therefore  rests  upon  those  who,  after 
introducing  a  source  of  danger  into  a  build- 
ing, raise  obstacles  to  the  adoption  of  meas- 
ures for  averting  this  danger. 


REPORTS  OF  ENGINEERS"  SOCIETIES. 

The  New  York  Society  of  Practical 
Engineering. — At  the  May  meeting  of  the 
New  York  Society  of  Practical  Engineering,  the 
subjects  discussed  were  type-composing  machines 
and  the  steam-engine  indicator.  The  paper  upon 
the  first-named  subject  "was  by  Eugene  Le  Hardy 
de  Beaulieu,  the  latter  from  Mr.  Henry  L.  Bre- 
voort.  Mr.  Beaulieu  advocated  the  Delcambre 
machine,  a  Erench  invention,  in  which  the  type 
are  taken  from  the  type-boxes,  along  inclined 
guides,  by  the  action  of  gravity,  to  the  "  stick." 
The  "  justification "  is,  as  usual  in  machines  of 
this  kind,  done  by  hand.  The  enormous  sums 
paid  annually  by  the  daily  newspapers  in  New 
York  for  composition — ranging  from  $100,000  to 
$200,000  each — are  sufficient  to  show  the  great 
importance  of  any  machine  which  will  effect  a 
material  saving  in  this  department. 

Mr.  Brevoort  characterized  the  indicator  as  a 
device  by  which  the  expert  is  enabled  to  gain  an 
insight  into  the  working  of  machinery,  and  by  its 
aid  apply  both  power  and  machinery  to  the  best 
advantage.  The  utility  of  the  indicator  devised 
by  "Watt  and  applied  to  low-pressure  engines 
was  mentioned,  together  with  the  advantages  from 
the  first  derived  from  its  use.  Its  utter  impracti- 
cability for  the  rates  of  speed  now  employed, 
sometimes  amounting  to  1,000  ft.  per  minute,  ren- 
dered some  other  instrument  for  the  purpose 
necessary.  This  is  found  in  the  Richards  indica- 
tor, in  which  the  motion  of  the  piston  and  the 
length  of  the  spring  are  both  diminished  by  one- 


quarter.  The  non-user  of  the  indicator  frequently 
loses  more  through  waste  of  coal  arising  from 
ignorance  of  the  actual  performance  of  the  steam 
in  the  engine,  than  the  cost  of  the  indicator  and 
the  time  and  labor  required  in  its  frequent  use.  * 
The  use  of  the  instrument  is  of  the  greatest  value 
in  adjusting  valves  with  the  requisite  delicacy, 
since  an  engine  may  not  unfrequently  be  in  ap- 
parently the  best  working  order  when  cold,  yet 
under  the  influence  of  heat  show  decided  delects 
of  adjustment.  Until  a  recent  time,  the  instru- 
ments of  foreign  make  have  proved  of  better  con- 
struction than  those  made  in  America.  .  Manufac- 
turers in  this  country  have  of  late  made  decided 
improvements  in  the  attachment  of  the  spring, 
giving  greater  reliability  under  extreme  pressure. 
In  the  former  construction,  the  circular  brass  ends 
of  the  springs  were  applied  in  a  slot  cast  all  the 
way  round,  and  after  adjustment  had  been  made 
they  were  fastened  by  pouring  in  melted  white 
metal.  Under  considerable  pressure  one  coil  of 
the  spring  frequently  rested  upon  another,  injur- 
ing the  action  of  the  spring  very  much.  The 
remedy  for  this  is  found  in  making  two  horizontal 
slots  in  the  brass  ends  of  the  springs,  and  by 
means  of  them  adjusting  the  spring  so  that  it  is 
supported  at  only  two  points,  thus  securing  a 
uniform  action  of  the  spring  under  all  pressures. 
Frequent  tests  of  indicator  springs  are  necessary 
even  after  they  have  been  approved  in  practical 
trials,  and  these  tests  should  be  applied  at  the  tem- 
peratures to  which  the  springs  are  habitually 
subjected  when  testing  engines. 

The  usual  indicator  piston  is  a  cylinder  closed 
at  the  top  and  open  below.  A  recent  modification 
in  them  is  to  bevel  the  lower  edge  from  the  inside 
outward,  taking  care  not  to  make  the  thin  edge  so 
weak  as  to  be  unduly  expanded  on  the  admission 
of  steam  to  the  interior.  This  has  been  found  to 
work  very  well.  A  suggested  improvement  is  to 
prolong  the  tube  of  the  piston  above  as  well  as 
below,  in  order  to  guard  against  a  leakage  from 
without  inwards  under  a  vacuum,  as  well  as- to 
resist  higher  pressures  than  those  for  which  pro- 
vision is  commonly  made.  This  form  of  piston  in 
section  would  resemble  an  f-j.  The  piston-rod 
would  be  fastened  by  a  ball-and-socket  joint  at  the 
centre,  and  the  usual  shallow  grooves  semi-circu- 
lar in  section  turned  upon  the  outside.  The  most 
convenient  and  efficient  modes  of  taking  cards,  the 
value  of  reducing-wheels,  and  various  adjuncts  to 
the  indicator  which  have  been  suggested,  were 
taken  up  and  considered  by  the  writer  with  con- 
siderable minuteness. 

American  Society  of  Crvm  Engineers. — 
The  fifth  annual  meeting  of  this  Society  was 
held  at  Chicago,  June  7th,  and  Mr.  E.  S.  Ches- 
brough  was  elected  president.  In  the  absence  of 
any  extended  report  of  the  proceedings,  we  can 
only  give  a  few  items,  with  the  titles  of  the  papers 
read  upon  different  subjects : 

"  Early  History  of  Railways  and  the  Origin  of 
Gauge,"  by  J.  D.  Steele,  of  Coatesville,  Pa. 

Mr.  Stephen  Chester,  of  New  York,  read  a  paper 
on  "  Electro-Science  as  a  Part  of  the  Education  of 
Civil  Engineers." 

A  paper  was  read  upon  "  Engineering,"  written 
by  W.  Milnor  Roberts. 

Mr.  A.  P.  Boiler  read  a  paper  on  the  "  Fellow- 
ship Fund  "  of  the  Society. 
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Mr.  Arthur,  of  Philadelphia,  read  a  paper  on 
"  The  Automatic  Cut-off." 

Mr.  E.  S.  Chesbrough  followed  with  an  interest- 
ing' paper  on  the  "  Detroit  River  Tunnel."  The 
paper  narrated  in  some  detail  the  preliminary  sur- 
vey to  obtain  the  most  feasible  line  for  the  tunnel. 
The  river  at  the  point  runs  nearly  east,  and  is  half 
a  mile  wide.  The  length  of  the  portion  of  the 
tunnel  under  the  river  is  3,000  ft.  There  are  to 
be  20  ft.  of  earth  between  the  masonry  and  the 
river  bed.  The  tunnel  was  to  be  made  circular, 
and  of  sufficient  diameter  to  allow  the  largest 
Pullman  car  to  pass  through.  By  having  five  or 
six  working  forces,  the  tunnel  could  be  prosecuted 
so  vigorously  as  to  have  it  completed  in  less  time 
than  a  vear.  The  entire  cost  of  the  work  was  es- 
timated at  $2,650,000.  The  rate  of  progress  thus 
far  had  been  less  than  the  contemplated  rate.  Mr. 
Chesbrough  described  the  devices  which  he  made 
use  of  to  protect  the  men  from  sudden  danger  from 
any  cause.  Mr.  Chesbrough  said  the  auger  used 
to  test -the  ground  was  of  wood,  and  that  the  earth 
which  stuck  to  the  point  of  the  auger  always  in- 
dicated the  nature  of  the  earth  where  the  boring 
ceased. 

The  next  paper  read  was  on  "  Strains  of 
Bridges,"  by  T.  C.  Clarke,  of  the  Phoenixville 
Bridge  Works. 

This  was  followed  by  a  paper  by  James  B.  Fran- 
cis, of  Lowell,  Mass.,  on  "  Experiments  in  the  De- 
flection of  Continuous  Beams  Supported  at  Equi- 
distant Points." 

Mr.  F.  Collinorwood  read  an  interesting  paper 
entitled  "Further  Notes  on  the  East  River 
Bridge."  The  paper  detailed  the  method  employed 
in  sinking  the  caissons,  the  devices  necessary  to 
enable  the  workmen  to  work  within  them  safely 
and  conveniently,  and  the  effects  of  the  compress- 
ed air  upon  the  men,  resulting  in  some  instances 
in  injurv.  and  in  one  or  two  in  death. 

Mr.  "Walter  Katte,  of  St.  Louis,  read  an  account 
of  the  "  Method  of  Construction  of  the  Illinois  and 
St.  Louis  Bridge."  The  paper  was  accompanied 
by  a  large  diagram,  which  showed  to  the  eye  the 
machinery  in  process  of  supporting  the  partially 
finished  arches  :  and  Mr.  Katte  explained  how  the 
engineers  in  charge  proposed  to  put  in  the  last 
link,  or  keystone  of  each  arch. 

The  next  paper  was  written  by  R.  G.  Hatfield, 
the  subject  being'  "  Building  Materials."  It  was 
read  by  Mr.  Charles  Macdonald. 

The  paper  written  by  Edmund  Yardley  on 
"  Cements,"  was  read  by  Mr.  A.  P.  Boiler. 

A  pa-per  on  "  Closing  Breaks  in  Dams  under 
Difficulties "  was  read  by  O.  B.  Whitford,  of  Os- 
wego, New  York. 

The  last  paper  read  was  written  by  Henry  L. 
Lubers,  of  East  St.  Louis,  on  the  "  Manufacture  of 
Coke  from  Illinois  Coal,  and  the  Process  Employed 
in  Purifying  Slack  Coal."  It  was  read  by  Stephen 
Chester,  in  the  absence  of  the  author. 

The  last  paper  presented  to  the  Association,  that 
of  Mr.  Eichbaum,  on  the  "  Selection  of  Stone  for 
Masonry,"  was  not  read,  but  was  ordered  printed 
with  the  Transactions. 

During  the  meeting  a  discussion  was  held  on  the 
depth  to  which  caissons  could  be  sunk  without 
endangering  the  lives  of  the  workmen  employed 
within  them. 

Mr.  Steel  said  it  had  been  a  serious  question  in 
New  York  whether  the  caissons  in  the  East  River 


could  be  sunk  the  requisite  depth,  105  ft.,  with 
out  endangering  the  more  delicate  workmen,  from 
the  weight  of  the  compressed  air. 

Mr.  Katte  said  the  greatest  pressure  in  the  cais- 
sons used  in  constructing  the  piers  of  the  St.  Louis 
bridge  was  about  50  lbs.,  and  he  did  not  know  of 
a  single  case  of  injury  to  the  workmen  caused  by 
the  pressure. 

Mr.  Collingwood  said  if  it  were  taken  for  granted 
that  a  man  could  labor  12  hours  continuously  in 
the  ordinary  air,  then,  with  a  pressure  of  two  at- 
mospheres, he  could  labor  about  half  that  time  ;  in 
a  pressure  of  three  atmospheres  about  one-third 
the  time,  and  in  a  pressure  of  four  atmospheres 
about  one-fourth  that  time.  If  the  men  had  a 
proper  chance  to  rest,  there  was  no  danger.  The 
great  difficulty  was  the  change  back  again  to  the 
external  air  after  working  in  the  caisson. 

Mr.  McAlpine  thought  the  effect  of  the  com- 
pressed air  was  like  that  of  a  stimulant,  and  the 
danger  was  when  the  stimulant  was  withdrawn. 
The  compressed  air  had  something  of  the  effect  of 
laughing-gas.  By  a  gradual  application  of  the 
pressure  he  had  known  workmen  to  work  under 
a  weight  of  five  atmospheres,  without  the  slightest 
injury. 

We  hope  hereafter  to  have  the  pleasure  of  giving 
our  readers  the  different  papers  read,  in  extenso,  or 
at  least  such  abstracts  of  them  as  the  different 
writers  may  consider  it  safe  for  the  profession  to 
see. 


IttflN  AND  STEEL  NOTES. 

REMARKABLE  OCCURREXCE  OF  SPHEROIDAL, 
Iron  Ore. — We  bore  up  to  the  island  of  Owen 
in  two  days.  This  little  island  is  only  separated 
from  New  Caledonia  by  a  narrow  and  deep  chan- 
nel, known  as  the  Woodin  Channel.  I  went  on 
shore  with  my  baggage,  instruments,  and  pro- 
visions, landing' on  a  flat  beach  forming  the  head 
of  a  large  bay,  round  which  is  situated  the  village 
of  Oura,  the  residence  of  the  island  chief.  The 
island  did  not  offer  an  agreeable  residence.  Its 
shores  are  high,  rocky,  and  barren,  with  perpen- 
dicular cliffs.  The  small  deltas  at  the  embouchure 
of  the  streams  form  the  only  valleys — on  these  the 
natives  have  their  plantations.  The  interior  of 
the  country  displays  one  very  remarkable  parti- 
cular ;  it  is  nearly  altogether  composed  of  iron 
ore.  This  exists  in  such  abundance  that  it  is 
destined  to  be  a  source  of  future  profit.  The 
iron  occurs  in  spheroids,  like  very  large  bullets, 
which  are  heaped  together  pell  mell.  They  form 
occasional  plateaux  many  thousand  metres  square. 
These  immense  heaps  are  occasionally  degraded 
by  the  lengthened  action  of  rains,  and  are  left  as 
gigantic  cones  of  iron.  Such  a  cone  is  that  of 
Mamie  on  the  northeast  of  the  island.  On  the 
edge  of  the  platforms  we  frequently  noticed  that 
the  blocks  of  iron  had  been  collected  by  manual 
labor  and  arranged  in  lines.  The  natives  ex- 
plained this  to  me  by  stating  that  in  their  old  wars 
the  vanquished,  flying  from  their  enemies,  aban- 
doned the  plain  and  took  refuge  in  the  hills, 
which  they  thus  fortified.  From  these  defences 
they  rolled,  down  iron  balls  on  their  assailants. 
Few  plants  subsist  on  this  metallic  soil.  About 
the  middle  of  the  day  the  solar  heat  retained  by 
the  iron  is  so  excessive,  that  during  several  hours 
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it  is  impossible  to  handle  the  blocks.  Notwith- 
standing the  thick  soles  of  our  boots  our  feet  suf- 
fered from  the  intolerable  heat.  One  other  conse- 
quence of  the  peculiar  nature  of  the  soil  is  that 
the  water  of  some  streams  flowing  over  the  iron 
is  elevated  to  an  extraordinary  temperature.  The 
inhabitants  of  the  island  of  Oura,  by  reason  of  the 
scarcity  of  its  resources,  are  obliged  to  resort 
to  the  mainland  to  establish  their  plantations. 
The  immense  flats  of  coral  to  the  south  afford 
turtle,  shell  fish,  and  fish  in  abundance.  The 
people  also  obtain  on  the  sands  the  eggs  of  sea- 
fowl  and  turtle.  I  have  often  accompanied  them 
on  these  expeditions — it-is  on  such  occasions  that 
one  best  learns  to  appreciate  their  intelligence, 
strength  and  skill. 

IRON  AND  Steel  Exports. — The  exports  of 
iron  and  steel  from  the  United  Kingdom 
promise  to  attain  a  very  considerable  aggregate 
this  year,  although  the  increasing  dearness  of  both 
iron  and  steel  naturally  exercises  a  chilling  and 
deterrent  effect  upon  foreign  and  colonial  con- 
sumption. The  shipments  of  rails  in  May  showed 
a  very  great  falling  off  as  compared  with  May, 
1871,  the  American  demand  having  at  last  given 
way ;  but  still  the  aggregate  exports  of  iron  and 
steel  in  May,  amounted  to  357,482  tons,  as  com- 
pared with  350,786  tons  in  May,  1871,  and  317,725 
tons  in  May,  1870,  while  for  the  first  five  months 
of  this  year  the  complete  shipments  came  out 
thus : 
Month.  1870.  1871.  1872. 

Januarv Tons    172,749  111,784  200,095 

February 178,554  137,397  215,100 

March.'....    223,412  242,166  248,512 

April 270,079  284,120  334,360 

May 317,725  350,786  357,482 

Total  ....  1,162,519         1,126,:. 23        1,355,549 

The  shipments,  it  will  be  observed,  show  only  a 
feeble  progress  in  May  as  compared  with  May, 
1871 ;  but  the  wonder  is  that  they  come  so  well 
out  of  the  comparison,  since  the  value  of  the 
357,482  tons  exported  in  May  was  £3,460,493, 
while  the  350,786  tons  exported  in  May,  1871, 
were  priced  at  only  £2,782,973.  As  regards  the 
value  of  the  steel  and  iron  exported,  this  year 
seems  certain  to  attain  a  marked  pre-eminence,  the 
figures  for  the  first  five  months  of  1872  being  in 
excess  of  the  corresponding  totals  of  the  corre- 
sponding periods  in  1858,  1859,  1860,  1861,  and 
1862.  This  will  be  seen  on  a  glance  at  the  an- 
nexed table : 


VALUE   OP   IRON    AND 
Year.  Total. 

1856 £12,966,109 

3857 13,603.337 

1858 11,197.072 

1859  ..     12,314,437 

1860 12,154,997 

1861 10,326,646 

1862 11,365,150 

1863 13,150,936 

1864 13,310,484 

The  statistics  of  the  last  three  years  have,  we 
believe,  been  kept  upon  a  modified  principle,  and 
some  descriptions  of  steel  have  been  embraced  of 
which  no  account  was  previously  taken  ;  never- 
theless,  there   can  be  no  doubt  that  the  export 


STEEL    EXPORTED. 
Year.  Totals. 

1865 £13,471,359 

1866 14,842,417 

1867         ....    15,050,3M 

1868 15,0.H6,398 

1869 19.480,950 

1870   24,038,090 

1871 26,149,136 

1872  (5mos.    12,841,459 


steel  and  iron  trades  have  enormously  extended 
during  the  last  eight  or  ten  years,  while  this 
year's  value  total  will  be  very  greatly  swollen  by 
the  extraordinary  upward  movement  which  has 
taken  place  in  prices. — Lond<m  Mining  Jam -no  . 


RAILWAY  NOTES. 

I^he  Cincinnati  and  Terre  Halte  Railway 
Company,  organized  for  the  purpose  of  con- 
structing a  railway  from  the  cities  of  Cincinnati, 
Ohio,  to  Terre  Haute,  Indiana,  and  to  develop  the 
coal  and  mineral  land  of  the  State  of  Indiana,  have 
leased  over  50,000  acres  of  the  block  coal  fields  in 
Clay  and  Owen  counties,  bordering  upon  the  line 
of  their  railway  ;  said  leases  being  located  in  the 
heart  of  the  block  coal  seam,  and  comprise  the  best 
and  most  valuable  part  of  the  Indiana  coal  field, 
and  which  they  now  desire  to  develop,  in  confor- 
mity to  the  following  notice : 
THE     CINCINNATI  AND   TERRE     HATJTE   RAILWAY 

COMPANY, 
Desirous  of  enlisting  the  attention  of  manufac- 
turers to  the  advantage  of  locating  manufacturing 
establishments  upon  the  line  of  their  railway,  will 
give  to  any  rolling  mill  or  blast  furnace  company 
so  locating,  40  acres  of  ground  for  works,  and  the 
coal  in  100  acres  of  Clay  or  Owen  county,  Indiana, 
block  coal  field ;  the  ore  from  100  acres  of  the 
Hardin,  Pope,  or  Massac  county,  Illinois,  brown 
hematite,  or  the  Green  county,  Indiana,  native  ore 
beds,  and  agree  to  furnish  them  with  all  orders  for 
merchant  iron  required  for  the  railway's  use  for  a 
period  of  two  years. 

To  any  railway  car  manufactory  located  upon 
its  line,  they  will  give  10  acres  of  ground  required 
for  works,  the  timber  from  100  acres  of  the  best 
oak  timbered  land  in  Owen  county,  and  an  order 
for  1,000  cars  to  commence  work  upon. 

To  any  car  wheel  foundry  or  axle  forge,  the 
necessary  grounds  for  works,  and  liberal  orders  for 
their  products  in  kind. 

To  all  other  manufacturing  establishments 
ample  facilities  in  the  locating  and  successful 
prosecuting  of  their  works. 

In  execution  of  the  above  they  have  laid  out  a 
manufacturing  town  to  be  called  "Be-semer." 
upon  the  line  of  their  railway  40  miles  from  Terre 
Haute,  and  where  their  road  crosses  the  Evansville 
and  Vincennes  Railroad,  at  a  station  known  as 
"  Farmers,"  situated  65  miles  from  Indianapolis, 
and  52  miles  from  Vincennes.  The  present  town 
site  comprises  an  area  of  2,500  acres,  in  part  prairie 
land,  bordering  upon  Eish  creek  and  the  White 
river.  These  streams  afford  an  unlimited  supply 
of  pure  soft  water  suitable  for  manufacturing  and 
steam  purposes,  their  source  and  drainage  area 
being  distant  from  any  mining  localities  or  other 
sources  of  contamination  that  so  seriously  affect 
many  manufacturing  districts.  The  prairie  land 
in  the  town  is  a  rich  alluvial  deposit,  cultivated 
for  a  long  number  of  years,  raising  the  finest  corn 
and  wheat  in  southern  Indiana.  Wells  sunk  12 
to  14  ft.  in  depth  reach  an  unfailing  supply  of 
soft  water.  The  hills  bordering  the  limits  of  the 
town  are  high  and  of  easy  slope  with  broad  level 
table  lands  on  their  summits,  affording  fine  loca- 
tions for  residences,  while  blast  furnaces  that 
require  a  high  level  railway  for  the  discharge  of 


220 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


crude  material  at  the  trundle  head,  can  have  the 
same  without  material  additional  expense.  Fine 
magnesian  limestone  and  sandstone  quarries 
abound  in  the  town  site  limits,  the  beds  of  which 
are  level,  the  strata  varying  from  1  to  10  ft.  in 
thickness.  Hard  blue  limestone  suitable  for  fur- 
nace flues  can  be  obtained  within  3  miles  from  the 
town.  Good  clay  for  brick-making  is  of  easy 
access,  and  the  locality  abounds  in  the  most 
densely  wooded  and  finest  timbered  land  in  the 
State.  The  finest  sandstone  quarries,  for  grind- 
stone uses,  are  contiguous  to  the  locality,  while 
the  short  distance  to  the  block  coal  field  affords 
an  unfailing  source  of  fuel  for  all  the  demands  of 
the  future  manufacturing  interests. 

The  junction  of  the  St.  Louis  and  Cincinnati 
Railway  with  the  Cincinnati  and  Terre  Haute 
Railway  will  be  near  the  town  site,  and  between 
it  and  the  coal  field.  The  Company  will  locate  their 
general  shops  and  round  houses  of  the  St.  Louis 
and  Cincinnati  Railway  at  Bessemer,  which  will 
be  made  the  terminus  of  the  Middle,  Terre  Haute, 
and  St.  Louis  divisions  of  the  roads,  and  all  due 
facilities  for  shipment  of  manufactured  products 
are  secured  by  the  connections  with  the  India- 
napolis and  Vincennes  Railway  and  other  intersect- 
ing lines,  to  wit:  At  Rloomington,  Ind.,  with 
Louisville,  New  Albany  and  Chicago  Railroad ;  at 
Indianapolis  with  all  roads  centring  at  that 
point  ;  at  Columbus,  with  the  Jeffersonville, 
Madison,  and  Indianapolis  Railroads ;  at  Greens- 
burgh,  with  the  Indianapolis,  Cincinnati,  and 
Lafayette  Railroad;  at  Terre  Haute,  with  the 
various  railroads  entering  at  that  point,  to  wit : 
two  East  and  West,  two  North  and  South,  or  eight 
outlets  in  all. 

Beds  of  native  ore  abound  in  the  immediate 
vicinity,  while  various  seams  of  coal,  including 
the  Cannel  coals,  are  of  such  easy  access  as  to 
warrant  the  prompt  return  of  investments  made 
in  these  mines. 

Deeds  in  fee-simple  of  all  lands  required  for 
manufacturing  purposes  will  be  made  to  persons 
or  incorporated  companies  that  desire  to  locate  in 
their  town.  Ample  facilities  will  be  afforded  par- 
ties to  examine  the  site  and  the  coal  lands  along 
the  line  of  the  Cincinnati  and  Terre  Haute  Rail- 
way. 

TZansas  Pacific  Railway,  1871. 


Average  length  of  road 
operated,  miles 

Gross  earnings   

Operating  expenses 

Net  earnings 

Gross  earnings  per  mile  . 

Operating  expenses  per 
mile 

Net  earnings  per  mile.  . . 

Percentage  expenses  per 
earnings 


1870. 


73.79 


1871. 


551 

673 

$3,350,786  61 

$3,342,517  83 

2,480,640  46 

2,302,589  96 

880,746  15 

1,009.927  87 

6,099  43 

4,922  02 

4,499  85 

3,421  38 

1,599  58 

1,5U0  64 

60.5 


In  the  total  of  gross  earnings  there  is  an  appar- 
ent falling  off  of  $48,268.78  in  1871;  but  there 
was  no  new  road  in  course  of  construction  during 
the  year,  and  no  income  from  transportation  of  con- 


struction material.  The  revenue  from  this  source 
in  1870  amounted  to  $385,965.80,  being  the  charges 
for  material  for  the  Denver  extension.  If  this  item 
is  omitted  from  the  comparative  statement,  the  or- 
dinary business  of  the  road  for  1871  shows  an  in- 
crease of  $387,697.02.  This  increase  of  earnings 
from  ordinary  business  is  at  the  rate  of  11  35-100 
per  cent. 

The  earnings  from  ordinary  freight  traffic  were 
as  follows: 

In  1871 $1,980,289  57 

Inl870 1,856,454  00 

Increase $123,035  43 

Equal  to  6  67-100  per  cent. 

The  earnings  from  passenger  service  were: 

In  1871 $1,285,748  09 

In  1870 1,078,602  85 

Increase $207,145  24 

Equal  to  19  2-10  per  cent. 

The  following  were  the  sales  of  lands  included 
in  the  Denver  extension  land  grant  trust  (whii  h 
covers  3,000,000  acres  of  land  lying  between  the 
300th  mile  post  and  Denver /: 

Acres  sold 81,690  8-100 

Aggregate  amount  of  sales $1^3,480  90 

Average  rate  per  acre 5  62 

Bonds  cancelled   by  trustees  from  sinking 

fund,  to  December  31,  1871 34,000  00 

Total    bills  receivable  (bearing  interest)  in 
'  hands  of  trustees 92,326  92 

The  sales  of  lands  and  lots  included  in  the  Kan- 
sas Pacific  land  grant  trust  (which  covers  2,000,000 
of  acres  of  lands  lying  east  of  the  300th  mile  post) 
were  as  follows: 

Acressold    98,788  10-100 

Town  lots 50 

Aggregate  amount  of  sales $313, 340  04 

Average  rate  per  acre 3. 13 

Bonds  cancelled  bv  trustees  from  sinking 

fund  to  December  31,1 871 111,Q00  00 

Total  bills  receivable  (bearing interest)  in 

hands  of  trustees '. 209,663  08 

The  2,000,000  acres  of  land  embraced  in  this 
trust  comprise  all  the  unsold  lands  belonging  to 
the  company,  east  of  the  300th  mile  post,  and  at 
the  average  rate  per  acre  obtained  from  sales  made 
during  the  past  year,  they  will  ultimately  yield  an 
aggregate  of  6,260,000. 

The  Vanderbilt  Underground  Railway. — 
JL  In  anticipation  of  obtaining  Gov.  Hoffman's 
signature  to  the  Vanderbilt  Underground  Railway 
bill,  Superintendent  Buckhout,  of  the  Harlem 
road,  has  had  under  his  direction  for  two  or  three 
days  past,  a  corps  of  surveyors,  with  a  view  to 
beginning  the  work  immediately.  The  road  will 
start  at  the  junction  of  Broadway  and  Park  row, 
and  proceed  by  way  of  the  Bowery  and  Fourth 
avenue  to  the  Grand  Central  Depot.  A  force  of 
3,000  laborers  is  ready  to  begin  operations,  and 
although  three  years  are  allowed  by  the  bill  for 
the  completion  of  the  road,  Mr.  Buckhout  believes 
a  much  shorter  time  will  suffice.  Pending  the 
action  of  the  Governor,  no  definite  plans  have  been 
adopted. 

An  impression  prevails  to  some  extent  that 
when  the  road  is  in  operation,  the  smoke  rising 
from  the  locomotives  will  be  a  nuisance  in  the 
City  Hall  Park.    On  the  contrary,  the  locomotives 
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will  consume  their  own  smoke  and  gas,  and  it  is 
intimated  by  Superintendent  Buckhout  that  the 
cars  also  will  be  of  a  peculiar  construction,  to  fa- 
cilitate the  transfer  of  passengers  at  Fifty-sixth 
street. 

An  arrangement  has  been  made  by  which  the 
mail  cars  of  the  Harlem,  Hudson  River  and  New 
Haven  railroads  will  be  transported,  by  a  continu- 
ous track,  immediately  into  the  basement  of  the 
new  Post-office,  and  returned  by  another  track, 
thus  avoiding  the  delay  of  horse  transportation, 
and  enabling  business  men  to  obtain  their  letters 
an  hour  earlier  than  at  present. 

The  Panama  Railroad. — This  line  is  in  good 
order,  and  fully  equipped.  From  the  opening 
of  the  Central  Pacific  and  Union  Pacific  Railroads, 
the  receipts  declined  rapidly,  and  in  the  latter  part 
of  1870  and  the  beginning  of  1871  they  were  barely 
sufficient  to  cover  the  working  expenses,  subsidy, 
and  interest.  The  China  trade  was  also  diverted 
from  the  Panama  Railroad  to  the  overland  route. 
The  loss  was  almost  entirely  on  the  California 
route,  and  the  Panama  Railroad  Company  then 
made  special  efforts,  through  reduced  charges,  to 
divert  shipments  from  sailing  vessels  going  round 
Cape  Horn.  By  means  of  these  inducements  the 
receipts  for  the  first  three  months  of  1872  were 
increased. 

Performance,  of  Engines. — At  the  recent 
meeting  of  the  Master  Mechanics'  Association, 
the  report  on  "  the  Comparative  Cost  of  Operating 
Eight  and  Ten  Wheel  Locomotives  "  was  read.  On 
sixteen  roads  heard  from,  8  and  10- wheel  loco- 
motives cost  for  repairs,  respectively,  $4.11  and 
$5.78;  fuel,  $9.53  and  $11.23;  stores,  85c.  and  $1.56; 
and  the  tons  hauled  in  proportion  to  weight  of 
engines  was  greatly  in  favor  of  the  8-wheel  en- 
gine. 

The  report  on  "  the  comparative  performance 
and  cost  of  operation  of  10- wheel  engine  with  six 
drivers  coupled,  and  8-wheel  engines  with  four 
drivers  coupled,'  showed  that  the  Mogul  engine  (8- 
wheel)  can  be  run  for  33  per  cent,  less  than  the 
others,  and  they  are  recommended  as  best  for 
freight  work. 


ENGINEERING  STltUCTUKES. 

Progress  of  the  St.  Louis  Bridge. — Even 
to  outside  observers  who  know  little  about 
what  is,  or  is  not,  rapidity  of  execution  in  such  a 
work,  the  St.  Louis  bridge  appears  to  be  going  for- 
ward rapidly.  The  western  abutment  is  all  fin- 
ished but  the  cornice  (which  will  be  left  to  the 
last).  The  west  pier  will  be  completed  in  about 
twenty  days ;  the  east  pier  in  about  forty  days, 
and  the  east  abutment  in  about  sixty  days.  The 
manufacture  of  the  superstructure  is  going  on  at 
the  Keystone  Works,  Pittsburg,  with  great  rapid- 
ity, as  they  are  running  night  and  day.  The  im- 
mense steel  and  iron  bolts  and  "  skew-backs  "  are 
all  completed.  The  bolts  are  all  in  place  in  the 
masonry. 

The  superstructure  will  be  completed  about  the 
middle  of  August.  The  upper  roadway  will  be  54 
ft.  wide,  including  two  sidewalks,  each  8  ft.  in 
width.     This  leaves  a  width  of  38  ft.,  which  will 


be  divided  into  four  tramways — two  for  street 
cars  and  light  driving,  and  two  for  heavy  teams. 
Underneath  the  above  will  be  a  double  track  rail- 
road. 

Negotiations  are  now  on  foot  which  will  lead  to 
the  completion  of  the  tunnel  at  the  same  time  with 
the  completion  of  the  bridge,  all  of  which,  it  is 
said,  will  be  done  in  about  a  year  from  this  time. 

ALBANY  Bridge. — The  largest  double  track  iron 
bridge  ever  built  in  this  country  was  recently 
completed  over  the  Hudson  between  East  Albany 
and  Albany.  The  work  was  commenced  May  24th, 
1870,  and  the  first  stone  of  the  substructure  was 
laid  on  the  succeeding  June  25th.  The  main 
bridge  is  1,525  ft.  long,  and  consists  of  seven  spans 
over  the  basin,  13  ft.  3  in.  each  from  centre  to 
centre  of  piers;  four  fixed  spans  over  the  main 
channel,  185  ft.  each,  and  a  draw  274  ft.  long,  with 
two  openings  of  111  ft.  each  in  the  clear.  The 
curve  of  the  bridge  over  the  basin  is  on  a  radius 
of  710  ft.  The  main  bridge  is  30  ft.  above  low 
water,  and  8  ft.  above  high  water  mark,  and  is 
constructed  on  a  vertical  curve  having  a  rise  in  the 
middle  of  15  in.  The  whole  length,  with  its  ap- 
proaches, and  including  an  embankment  crossing 
Van  Rensselaer  island,  is  2,250  ft. — equal  to  4,500 
ft.  of  single  track  bridge.  The  abutments  and 
piers  are  build  on  pile  foundations,  160,000  yards 
of  stone  being  used  in  their  construction.  Tiie 
superstructure  consists  of  2,000  tons  of  iron,  most- 
ly wrought,  its  trusses  being  26  ft.  apart  in  the 
clear.  The  fabric  is  calculated  to  stand  a  load  of 
6,000  lbs.  per  lineal  foot,  besides  its  own  weight. 
The  entire  cost  was  $1,000,000.  It  is  at  present 
used  for  freight  trains  and  foot  passengers. 

The  Deepest  Well  in  the  World. — At 
about  twenty  miles  from  Berlin  is  situated 
the  village  of  Sperenberg,  noted  for  the  deepest 
well  that  has  ever  been  sunk.  Owing  to  the  pres- 
ence of  gypsum  in  the  locality,  which  is  at  a 
moderate  distance  from  the  capital,  it  occurred  to 
the  Government  authorities  in  charge  of  the  mines 
to  attempt  to  obtain  a  supply  of  rock  salt.  Writh 
this  end  in  view  the  sinking  of  a  shaft,  or  well  16 
ft.  in  diameter,  was  commenced  some  five  years 
ago,  and  at  a  depth  of  280  ft.  the  salt  was  reached. 
The  boring  was  continued  to  a  further  depth  of 
960  ft.,  the  diameter  of  this  bore  being  reduced  to 
about  13  in.  The  operations  were  subsequently 
prosecuted  by  the  aid  of  steam  until  a  depth  of 
4,194  ft.  was  attained.  At  this  point  the  boring 
was  discontinued,  the  borer  or  bit  being  still  in  the 
salt  deposit,  which  thus  exhibits  the  enormous 
thickness  of  3,907  ft.  The  boring  would  have 
been  continued  in  order  to  discover  what  descrip- 
tion of  deposit  lay  under  the  salt  but  for  the  me- 
chanical difficulties  connected  with  the  further 
prosecution  of  the  operations.  During  the  pro- 
gress of  this  interesting  work  repeated  and  careful 
observations  were  made  of  the  temperature  at 
various  depths.  The  results  confirm  very  closely 
those  which  have  been  already  arrived  at  under 
similar  circumstances. 

Hydro-Electric  Cables. — The  journal  "Les 
Mondes,"  which  often  holds  forth  upon  mar- 
vels, has  noticed  a  new  one  i  n  a  recent  number. 
This  is  a  proposed  system  for  submarine  tele- 
graphic communication  by  means  of  a  tube  filled 
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with  water.  The  invention  is  due  to  M.  Ferdi- 
nand Tommasi,  and  models  are  exhibited  at  09 
Avenue  de  l'Alma.  The  tube  is  of  copper  -^g  of  an 
inch  diameter.  The  experiment  is  made  with  a 
length  of  3,2^0  ft.,  and  the  inventor  hopes  to  ob- 
tain, first,  a  speed  of  transmission  of  at  least  600 
signals  a  minute,  even  through  a  length  of  1,000 
miles  ;  second,  a  simultaneous  exchange  of  corre- 
spondence— that  is  to  say,  the  facility  of  being 
able,  by  the  same  tube,  to  signal  both  ways  at 
once ;  third,  the  facility  for  printing  despatches ; 
and  fourth,  a  very  small  cost  of  construction. 

The  thread  of  water  is  in  communication  at  each 
end  with  two  pistons  of  the  same  diameter.  One 
of  these  pistons  is  slightly  pressed,  and  the  motion 
is  immediately  transferred  to  the  other  piston. 
The  tube  and  its  pistons  are  in  connection  with 
an  electro-magnetic  apparatus  to  facilitate  the 
transmission  and  the  reception  of  messages. 

COST  OF  THE  HOOSAC  TUNNEL. — An  official 
report  by  the  State  Auditor  to  the  Legisla- 
ture of  Massachusetts  states  the  cost  to  State  since 
it  took  possession,  to  be,  up  to  January  1,  1872, 
$7,985,501.  This  sum  includes  what  has  been  paid 
on  the  original  contract,  $1,477,905.  It  is  esti- 
mated that  it  will  yet  cost  for  a  railway  from  the 
west  portal  to  North  Adams  $164,635  ;  for  inter- 
est on  loans,  premiums,  commissions,  etc.,  $12,- 
627,599,  a  total  of  $12,792,234,  up  to  March  1, 
1874.  Some  deductions  are  to  be  made  from  this 
for  sinking  fund,  rents,  etc.  ;  amount  not  stated, 
but  is  not  very  large.  This  is,  probably,  the 
most  exact  estimate  yet  made  of  the  cost  of  the 
"  great  bore  "  to  the  Massachusetts  tax-payers. 

• 

Memphis  Tunnel. — Not  content  with  dyking, 
bridging,  and  traversing  the  Father  of  "Wat- 
ers in  every  direction,  a  tunnel  is,  as  our  readers 
have  already  been  informed,  seriously  projected 
under  it  at  Memphis,  to  cost  $5,000,000.  Details 
of  construction,  etc.,  are  not  yet  fully  or  accu- 
rately given,  so  far  as  we  are  aware. 


0KDMM  AND  NAVAL. 

Field  Guns  and  Ammunition. — The  "  Militair 
Worhenblatt "  gives  an  account  of  the  quantity 
of  field  ammunition  which  was  spent  by  the  Ger- 
mm  artillery  during  the  last  campaign  in  France. 
According  to  it  the  Prussian  artillery,  including 
the  Baden  and  Hesse  regiments,  comprised  79 
light,  78  heavy,  and  38  horse  batteries,  besides  19 
light,  and  10  heavy  reserve  batteries,  which  were 
only  formed  after  the  war  was  declared — together, 
224  field  batteries,  of  6  guns  each,  or  1,344  guns. 
The  field  guns  are  of  two  calibres,  the  light  and 
heavy,  with  a  bjre  of  8  centimetres,  the  heavy  of 
9  centimetres.  They  fired  during  the  whole 
campaign  267,975  rounds  in  all,  which  is  far  less 
than  is  generally  believed;  the  light  batteries 
112,770,  the  heavy  107,126,  and  the  horse  batteries 
48,079  rounds,  or  each  gun  fired,  on  an  average, 
199  rounds,  of  which  number  each  light  gun  fired 
191,  each  heavy  203,  and  each  horse  210  on  an 
average.  As  the  batteries  carry  in  the  ammuni- 
tion carriage  of  each  8-centimetre  gun  157,  and  of 
each  9-centimetre  gun  "133  rounds,  they  conse- 
quently fired,  the  light  guns,  123  per  cent. ;  the 


heavy,  153  ;  and  the  horse,  134  per  cent. — that  is, 
they  had  to  replenish  23,  53,  and  34  per  cent,  re- 
spectively from  the  ammunition  columns,  which 
followed  in  the  wake  of  the  advancing  armies. 
The  Bavarian  artillery  consisted  of  12  light,  22 
heavy,  and  2  12-pounder  batteries,  or  216  guns, 
which  spent  56,211  rounds,  or  as  much  as  260 
rounds  per  gun,  while  the  Saxons  had  48  8-centi- 
metre guns,  and  48  9-centimetre  guns,  and  fired 
8,007  and  7,514  rounds  respectively,  or  167  and  157 
per  each  light  or  heavy  gun,  or  162  rounds  on  an 
average.  The  figures  of  Wurtemberg  are  not  yet 
published,  but  may  be  estimated  at  three-fourths 
of  those  shown  by  Saxony.  Thus  the  total  of 
ammunition  spent  would  be  for  the  whole  German 
field  artillery  about  350,000  rounds,  and  if,  allow- 
ing one-half  to  light,  and  half  to  heavy  guns,  and 
the  weight  of  light  shells  to  be  9  lbs.,  that  of  heavy 
shells,  15.3  lbs.,  English,  the  weight  of  all  ammu- 
nition fired  is  equal  to  1,933  tons,  or  out  of  the 
number  of  1,728  guns,  each  gun  has,  on  an  average, 
spent  1.119  ton  of  iron  shells. 


BOOK  NOriCES. 

D 'RAWING  FOR  Bricklayers  :  Containing  the 
Constructive  Principles  of  Brickwork,  and  the 
Methodeof  Drawing  each  subject,  together  with 
the  Elements  of  Freehand,  Subject  and  Plan 
Drawing.  With  two  double  and  thirty-two  sin- 
gle pages  of  illustrations.  Adapted  for  Architec- 
tural Drawing.  Copies  drawn  on  wood  by  the  au- 
thor. By  Ellis  A.  Davidson.  London  :  Cassell 
&  Co.     1872.     For  sale  by  Van  Nostrand. 

This  is  a  work  which  ought  to  be  not  only  use- 
ful, but  widely  used.  The  system  in  it  corre- 
sponds with  that  pursued  by  its  predecessors, 
"Drawing  for  Carpenters  and  Joiners,"  and 
"Drawing  for  Stonemasons,"  and  thus  the  instruc- 
tion is  not  confined  to  linear  drawing  solely,  but 
includes  also  a  certain  amount  of  freehand  and 
model-drawing,  whilst  the  constructive  prin- 
ciples of  the  various  studies  are  given  as  fully  as 
the  size  of  the  book  would  allow.  The  author  ac- 
knowledges his  obligations  to  Colonel  Wray,  B,. 
E.,  Government  Examiner  in  Science,  for  his  plac- 
ing "  a  mass  of  material  at  his  disposal,  and  for 
his  important  and  valuable  original  suggestions." 
We  are  satisfied  as  to  the  general  completeness  and 
accuracy  of  this  book,  as  of  all  the  author's  pro- 
ductions of  a  similar  sort. 

AIR  AND  B.AIN,  THE  BEGINNINGS  OF  A  CHEMI- 
CAL Climatology.  By  Robert  Angus 
Smith, Ph.D.,  F.R.S.,  F.C.S.  London:  Longmans, 
Green  &  Co.     For  sale  by  Van  Nostrand. 

This  publication  is  the  fulfilment  of  a  promise 
made  to  the  public  eight  years  since  by  the  au- 
thor. Chemistry  up  to  the  present  time  has  not 
taken  its  full  share  in  the  work  of  sanitary  in- 
quiry and  improvement ;  it  ought,  as  Dr.  Smith 
remarks,  to  be  able  to  relieve  medical  men  of  much 
of  their  heavy  responsibility.  His  own  book  will 
certainly  aid  to  bring  about  this  in  no  small  de- 
gree. Its  purport  is  to  show  that  there  are  im- 
purities in  an  atmosphere  which  may  be  discov- 
ered by  chemical  analysis,  and  that  the  senses  and 
general  impressions  are  not  at  fault  when  they 
testify  to  the  peculiarities  of  a  town  atmosphere. 
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rPHE  Le  Boulenge  Chronograph.  By  Brevet 
J.  Capt.  O.  E.  MlCHAELlS,  First  Lieut.  Ordnance 
Corps,  U.  S.  A.     New  York :  D.  Van  Nostrand. 

Of  this  new  work  for  the  military  service  the 
object  is  best  explained  by  the  author's  introduc- 
tion: 

"  Up  to  the  present  time,  all  successful  applications 
of  micro-chronometry  to  the  science  of  gunnery 
have  been  based  upon  the  use  of  electricity  as  the 
determining  agent. 

Captain  Le  Boulenge's  instrument  is  no  excep- 
tion. The  time  between  two  events  is  ascertained 
by  noting  the  distance  of  the  free  fall  of  a  heavy 
body  during  the  interval,  the  beginning  and  end 
of  this  distance  being  made  to  accord  with  the  oc- 
currence of  the  events  by  means  of  the  galvanie 
current. 

With  the  exception  of  the  Schultz  chronoscope, 
an  instrument  too  delicate  in  its  details  for  ordi- 
nary use,  the  most  noteworthy  ballistic  micro-  chro- 
nometers of  the  last  fifteen  years  have  used  the 
p3ndulum  as  the  immediate  measurer  and  recorder 
of  the  time — time  deduced,  of  course,  from  the 
duration  of  constrained  motion  ;  and  the  improve- 
ments in  these  pendulum  instruments  during  the 
past  decade  may  be  summed  up  as  attempts  to 
mitigate  the  errors  due  to  the  circumstances  of 
constraint,  i.  e.,  to  the  method  of  suspension. 

It  remained  for  Captain  Le  Boulenge,  one  of  the 
mast  scientific  and  ingenious  Ordnance  officers  of 
the  Continent,  in  the  service  of  Belgium,  whose 
sons  have  already  done  so  much  for  ballistic  science, 
to  devise  an  apparatus,  simple  in  its  construction, 
accurate  in  its  operation,  which  eliminates  entirely 
every  error  due  to  a  constrained  fall. 

Stated  epigrammatically,  he  reduces  the  pendulum 
to  its  bob,  and  allows  it  to  fall  freely. 
THE  INSTRUMENT. 
The  chronograph  of  Captain  Le  Boulenge"  can  be 
used  not  only  as  a  micro-chronometer,  but  directly 
as  a  velocimeter.  To  obtain  velocities  at  once,  two 
electric  circuits  are  established  a  fixed  distance, 
say  50  metres  apart,  in  such  a  manner  as  to  be  suc- 
cessively broken  by  the  projectile  in  its  flight. 
The  first  current  circulates  through  an  electro- 
magnet, whose  armature  is  a  long  cylindrical  rod, 
called  the  chronometer,  furnished  with  two  envelop- 
ing zinc  tubes,  called  recorders.  The  second  current 
p asses  by  another  electro-magnet,  whose  armature, 
a  shorter  rod,  is  called  the  registrar.  The  third 
active  element  of  the  instrument  is  the  indenter, 
consisting  of  a  circular  knife  fixed  in  a  mainspring, 
which  can  be  cocked  by  means  of  a  catch  on  a 
lever. 

On  the  breaking  of  the  first  circuit,  the  chro- 
nometer falls  vertically;  on  the  rupture  of  the 
second,  the  registrar  falls  in  its  turn,  depressess 
the  free  end  of  the  lever,  and  thus  releases  the 
mainspring;  the  knife  juts  forward,  strikes  the 
falling  chronometer,  and  indents  the  upper  record- 
er. A  very  simple  relation  holds  between  the  dent 
thus  obtained  and  the  velocity  of  the  projectile 
which  caused  it.  Even  with  this  brief  description, 
a  moment's  thought  will  show  that  the  lower  the 
velocity,  the  higher  up  shall  the  recorder  be  in- 
dented. ' 

A  set  of  tables  are  given  for  use  when  applying 
the  instrument. 

Plates,  with  full  letter-press  descriptions,  make 
the  construction  of  the  minutest  details  exception- 
ally clear. 


IiPE  Assurance  and  Savings  Banks.  By  J. 
j  Howard  Van  Amringe,  A.  M.  New  York : 
D.  Van  Nostrand. 

This  pamphlet  affords  a  thoroughly  popular  ex- 
position of  the  principles  upon  which  are  founded 
corporations  for  Life  Assurance  and  Savings 
Banks. 

Prof.  Van  Amringe  has  proven  himself,  by  this 
lecture,  a  master  of  the  art  of  elucidation.  Nothing 
could  be  plainer  than  the  demonstration  here 
afforded  that  life  assurance  is  founded  upon  well- 
understood  laws,  and  nothing,  in  a  mathematical 
way,  could  be  more  interesting  to  the  average 
reader. 

It  seems  proper,  if  not  necessary,  to  say  to  our 
readers  that  they  can  find  nothing  in  the  above 
lecture  to  suggest  in  any  way  the  labors  and  de- 
vices of  those  agents  of  slow  torture  who  talk  in 
behalf  of  life  insurance  companies  all  over  the 
country. 

THE  GrRAND  TRAVERSE  EEGION.  By  ALEX. 
Winchell,  A.  M.     Ann  Arbor  :     Chase. 

This  is  a  report  by  the  well-known  geologist  on 
the  geological  and  industrial  resources  of  the  lower 
peninsula  of  Michigan.  The  Prof,  does  not  con- 
fine himself  to  an  account  of  rocks  and  soils,  but 
records  his  observations  on  botany,  zoology,  topog- 
raphy, and  climate. 

Though  the  report  is  of  local  rather  than  general 
interest,  it  adds  no  little  to  the  sum  of  our  knowl- 
edge of  the  natural  history  of  our  country,  with 
the  endorsement  of  a  leading  authority. 


R 


asy    Rules    for    the    Measurement    op 

li  Earthworks.  By  Ellwood  Morris,  C.  E. 
Philadelphia  :  T.  R>.  Callender  &  Co.  For  sale  by 
Van  Nostrand. 

This  is  essentially  a  treatise  on  the  history  and 
use  of  the  Prismoidal  Formula.  It  fully  discusses 
all  the  proper  modifications  of  this  famous  formula 
which  may  be  safely  used  in  the  computation  of 
earthwork. 

To  the  mathematical  student  the  treatise  will 
prove  interesting,  while  to  the  careful  engineer 
who  is  desirous  of  understanding  the  limits  of 
error  in  his  approximate  calculation,  the  work  will 
be  found  of  decided  value. 


POTTERY ;  Observations  on  the  Materials  and 
Manufacture  of  Terra-Cotta,  Stone-Ware, 
Fire-Brick,  Porcelain,  Earthen- Ware.  Majolica, 
and  Encaustic  Tiles.  By  Arthur  Beckwith, 
C  .E.    New  York  :  D.  Van' Nostrand. 

This  is  a  report  upon  the  observation  made  at 
the  Exhibition  of  1871,  and  affords  a  concise  sum- 
mary of  the  different  products  of  ceramic  art. 

The  most  valuable  part  of  the  report  undoubt- 
edly is,  that  which  is  devoted  to  the  materials  em- 
ployed, and  the  processes  of  manufacture. 

No  portion  of  the  report  is  so  technical  as  to  be 
without  interest  even  to  the  unscientific  reader, 
while  the  account  of  the  modern  reproduction  of 
the  ancient  and  highly  prized  wares  is  of  great  in- 
terest to  all  classes. 

A  table  of  the  constituents  of  celebrated  fire 
clays  will  be  found  valuable  to  all  who  are  interest- 
ed either  in  natural  or  artificial  refractory  com- 
pounds designed  to  resist  heat. 
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CLASSIFICATION  FOR  THE  INTERNATIONAL  EX- 
HIBITION OF  1876. — The  United  States  Cen- 
tennial Commission,  at  its  last  meeting,  adopted, 
as  the  basis  of  the  system  of  classification,  ten 
comprehensive  divisions,  named  Departments,  as 
follows : 

.Department  1.  Raw  Materials,  Products  of  the 
Soil,  of  the  Mine,  and  of  the  Sea,  and  their  Imme- 
diate Derivatives. 

Department  2.  Materials,  the  Result  of  Manu- 
facturing Processes,  Chemical  Compounds,  Manu- 
factures, and  Products. 

Department  3.  Textile  and  Felted  Fabrics,  in- 
cluding Ready-made  Clothing  and  Costumes,  etc. 

Department  4.  Furniture  and  Manufactures  of 
General  Use. 

Department  5.  Tools,  Implements,  Machines, 
and  Processes. 

Department  6.  Apparatus  and  Methods  of  Trans- 
portation. 

Department  7.  Apparatus  and  Methods  for  the 
Increase  and  Diffusion  of  Knowledge. 

Department  8.  Civil,  Mining  and  Military  En- 
gineering, Public  Works  and  Architecture. 

Department  9.  Fine  Arts. 

Department  10.  Objects  illustrating  the  Methods 
and  Results  of  Efforts  for  the  Improvement  of  the 
Physical,  Intellectual,  and  Moral  Condition  of 
Man. 

Each  of  these  Departments  will  be  subdivided 
into  ten  groups,  and  each  group  into  ten  classes, 
thus  giving  100  g-roups  and  1,000  classes. 

The  Departments  will  be  numbered  from  I.  to  X., 
and  the  Groups  from  1  to  100,  while  the  Classes 
will  be  numbered  from  1  to  1,000.  Thus  the  num- 
ber of  any  Class  will  at  once  indicate  the  Groups 
and  the  Department  to  which  it  belongs. 

The  arrangement  of  the  various  objects  in  the 
building  will  not  only  be  in  accordance  with  this 
systematic  classification,  but  will  be  also  geopraph- 
ical,  the  two  elements  being  combined,  as  in  the 
Exposition  of  1867,  by  means  of  parallel  galleries 
or  halls,  crossed  at  right  angles  by  passage  ways. 
The  products  of  any  country  can  thus  be  kept 
together,  while  at  the  same  time  they  are  dis- 
tributed in  the  appropriate  Groups 

In  the  formation  of  the  system,  the  governing 
idea  has  been  to  group  together  objects  in  the  fol- 
lowing order : 

1.  The  natural  products  useful  to  man,  or  the 
basis  of  manufacture. 

2.  The  manufactures  and  results  of  the  combina- 
tions of  these  products. 

3.  The  means  and  appliances  by  which  such  re- 
sults have  been  accomplished. 

4.  The  resultant  effects  of  such  productive  activ- 
ity. 

This  is  a  comprehensive  general  expression  of  the 
classification.  The  raw  materials  are  placed  first, 
and  then  in  succession  the  results  of  their  use 
by  man,  leaving  until  the  last  the  higher  achieve- 
ments of  intellect  and  imagination. 

It  is  a  natural  and  simple  classification,  and  is 
calculated  to  show  effectively  the  development  of 
man,  the  progress  of  the  arts  and  of  civilization. 

LEAD    IN    the     United     States. — Since    the 
breaking  out  of  the  Californian    gold  fever, 


twenty-three  years  ago,  the  western  lead  mines, 
which  had  up  to  that  period  supplied  all  the  wants 
of  the  United  States,  have  attracted  very  little 
notice,  and  the  production  of  the  States  of  Wisconsin, 
Iowa,  and  Illinois,  has  rapidly  fallen  off,  as  may 
be  seen  by  the  following  figures,  which  give  the 
quantity  of  lead  shipped  from  the  Upper  Missis- 
sippi mines,  viz  : — 


From  1822  to  1831 
"  1832  "  1841 
"  1812  "  1857 
"  1852  "  1861 
"      1862  "1871 


Pia;s.  Tons. 

664,118  or  28,244 
1,591,958  "  35,718 
6,170,857  "215,979 
4,609,553  "161,334 
2,419,985  "    84,700 


It  will  be  observed  that  from  1852  to  1861,  there 
was  a  decrease  of  25-,^  per  cent.,  and  from  1862  to 
1871  there  was  a  further  decrease  of  47  (  per  cent. 
It  is  not  to  be  supposed  that  the  mines  are  ex- 
hausted ;  on  the  contrary,  it  is  known  that  many 
thousands  tons  of  ore  exist  in  mines  that  have  not 
yet  been  touched,  and  which  are  held  by  the  own- 
ers for  prices  that  are  not  at  present  attainable, 
otherwise  the  production  of  lead  might  have  been 
greatly  increased,  and  a  large  amount  of  money 
saved  that  has  been  paid  meanwhile  for  foreign 
lead  (nearly  $400,000,000  were  paid  during  the  last 
year),  besides  furnishing  labor  to  thousands  of 
hands.  The  imports  of  foreign  lead  into  New 
York  alone  have  been  as  follows  : — 

Pics. 

1852 272,657 

1854     400,020 

1856 301,536 

1858     254,573 

1860     362,031 

1862     613,088 

1863 212,661 

1864     462,272 

1965     226,791 

1866     449,307 

1867     415,757 

1868  .    385,277 

1869     535,790 

1870     496,157 

18.1 516,912 

A  pig  of  foreign  lead  is  fully  equal  to  two  of 
American. 

VTorth  American  Timbered  Land.' — British 
li  Columbia  is  said  to  contain  about  100,000 
square  miles  of  timbered  land ;  Alaska,  150,000 
square  miles  ;  Washington  Territory  and  Oregon, 
65,000  square  miles ;  and  California,  40,000  square 
miles.  In  Washington  Territory,  as  in  British 
Columbia,  Douglas  fir,  which  is  very  valuable  for 
shipbuilding,  predominates.  The  constant  using 
up  of  available  trees  for  commercial  purposes,  the 
devastating  effects  of  forest  fires,  and  the  reckless 
waste  of  individuals  are  making  serious  inroads 
upon  the  forests  of  British  Columbia. 

COAL  IN  Sweden. — M.  Braconnier  de  Macar, 
president  of  the  Liege  Coal  Mines  and  Metal- 
lurgical Association,  accompanied  by  M.  Mare- 
chal,  honorary  engineer  of  the  association,  has 
visited  Sweden  in  order  to  ascertain  the  richness 
of  the  coal  bearings  of  the  Skanian  fields,  of  which 
very  favorable  reports  have  been  made.  The  bear- 
ings are  considerable,  and  M.  Braconnier  has  ac- 
quired several  concessions,  and  proposes  to  com- 
mence the  extraction  of  coal  as  soon  as  possible. 
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PETKOLEUM* 

By  HENRY  E.  WRIGLEY,  C.  E. 
Written  for  Van  Nostrand's  Magazine. 


It  is  not  without  a  certain  grimness  of 
purpose  that  a  writer  nowadays  can  de- 
liberately take  up  the  subject  of  Petroleum, 
and  ask  anew  a  fresh  interest  from  a 
patient  but  much  afflicted  public. 

The  subject  itself  is  in  justifiable  disre- 
pute. Not  only  does  the  mention  of  it  seem 
to  disinter  again  the  memory  of  the  buried 
losses  and  troubles  of  '65,  but  so  much  has 
been  written  upon  it  to  so  small  account ;  so 
many  theories  broached  in  regard  to  its 
origin  and  properties,  that  stood  no  breath 
of  question;  so  much  thought  and  labor 
upon  the  subtle  fluid,  apparently  all  in 
vain,  that  there  are  few  who  will  not  weary 
of  the  title  and  turn  the  page. 

But  those  who  will  have  the  patience  to 
hear  him  through,  the  writer  hopes,  may  be 
repaid  ;  the  truth  is,  that  very  few  substan- 
tial facts  concerning  petroleum  have  ever 
been  put  upon  record.  We  have  had  nar- 
ratives of  journeys  through  the  country  by 
able  reporters  ;  we  have  had  some  valuable 
essays  upon  it,  and  all  relating  to  it ;  but 
the  temporary  novelty  of  the  first  was  soon 
over,  and  the  few  who  have  dared  to  grap- 
ple with  the  subject  in  a  scientific  way  have, 
for  want  of  the   solid   comfort   that  comes 


*  The  series  of  articles,  of  which  this  is  the  first  and  intro- 
ductory, will  treat  of  the  natural  history,  uses,  method  of 
transportatation,  improved  method  of  boring,  refining,  test- 
ing, etc. 


from  the  knowledge  of  feet  and  inches  and 
actual  results,  been  compelled  to  reduce 
statement  to  speculation,  and  fact  to  theory. 

An  active  professional  practice  in  the  oil 
country  for  the  past  eight  years  enabled  the 
writer  to  gather  much  that  was  useful  and 
valuable,  and,  finding  in  his  intercourse 
abroad  many  serious  errors  concerning 
petroleum,  it  seemed  to  him  that  a  few 
simple  statements  made  from  an  authentic 
basis,  would  do  much  towards  relieving  the 
subject  from  odium,  and  adding  to  the 
stock  of  general  intelligence. 

It  is  not  proposed  here  to  consider  certain 
probabilities  which  have  been  the  subject 
of  much  discussion,  as,  for  instance,  the 
■-  origin  of  petroleum,"  or  the  precise  depth 
of  its  deposit — questions  which,  while  inter- 
esting, are  not  of  present  value,  or  of  great 
importance  in  comparison  with  the  more 
pressing  inquiries  of,  Where  shall  we  find 
it  ?  and  how  long  will  it  last  *? 

The  wisest  men  in  the  oil  country  to-day 
are  those  of  recent  arrival ;  the  most  earnest 
and  patient  student  is  the  operator  of  eight 
years'  varied  experience,  who  will  frankly 
tell  you,  as  the  result  of  his  labors,  that  he 
has  learned  but  little. 

Great  advances  undoubtedly  have  been 
made  in  the  machinery  of  drilling,  the 
management  of  assured  territory,  and  the 
handling  of  the  product ;  but  beyond  that  all 
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is  dark,  and  for  a  new  field  ve  must  grope 
almost  hap-hazard  for  the  valued  sand-rock 
with  the  long  finger  of  the  drill. 

The  last  and  perhaps  most  plausible  of 
the  theories  for  locating  new  wells,  is  that 
of  "  oil  belts."  For  want  of  a  solid  founda- 
tion of  fact,  this,  with  other  promising  and 
carefully-builded  suppositions,  has  fallen  to 
the  ground.  To  supply,  in  a  small  degree, 
some  such  basis  for  future  thought  and 
speculation,  is  the  object  of  these  essays. 

All  the  oil  that  has  been  found  in  the 
Eastern  United  States  is  included  in  a  strip 
of  land  20  miles  in  average  width,  ex- 
tending from  Canada  to  Tennessee,  parallel 
with  the  edge  of  the  secondary  formation 
and  the  Alleghany  mountain  range. 

Concerning  this  section,  Professor  Rogers, 
in  his  Geological  Survey  of  Pennsylvania, 
1836-57,  states  as  follows: 

"  The  whole  of  this  north-west  angle  of 
Pennsylvania  is  but  part  of  a  far  larger 
t  belt  of  country,  identical  with  it  in  geolo- 
gical constitution  and  in  general  external 
features,  which  stretches  north-east  into  New 
York,  and  south-west  into  Ohio,  and  borders 
the  south-east  side  of  Lake  Erie  throughout 
its\entire  length.  ***** 
"The  mean  breadth  of  the  outcrop  of  the 
cadent  and  bergent  rocks  in  Pennsylvania 
is  about  40  miles."  ***** 

I' These  valleys  (i:  e.  the  valleys  of  this 
section)  have  evidently  been  carved  by  a 
tremendous  rush  of  waters,  and  the  date  of 
their  first  excavation  was  probably  coinci- 
dent with  the  drainage  of  the  Appalachian 
Sea,  when  the  mountain  ridges  and  plateaus 
0f  Pennsylvania  were  uplifted,  and  a  por- 
tion of  the  retreating  floods  swept  north 
into  the  less  elevated  region  of  the  Lauren- 
tian  lakes." 

"  Subsequently,  however,  they  must  have 
given  passage  to  that  almost  Continental 
inundation  which,  coming  from  the  far 
North,  poured  its  last  expiring  currents 
against  the  north  slopes  and  table  lands  of 
Pennsylvania  and  Ohio,  deepening  and 
opening  these  south  draining  valleys,  and 
strewing  their  beds,  and  the  escarpments 
facing  the  lake,  with  the  water-worn  frag- 
ments of  the  rocks  torn  up  in  its  progress." 

Professor  Newberry,  in  his  admirable 
report  (unfinished)  of  the  Ohio  Geological 
Survey,  1872,  states  clearly  and  tersely  as 
follows : 

"  We  have  evidence  that  at  one  time  a 
broad  Continental  area  filled  a  large  part  of 
the   space   now   occupied    by    our    North 


America,  and  was  composed  of  the  same 
rocks  that  now  constitute  the  Canadian 
highlands.  In  process  of  time  this  Conti- 
nent began  to  sink,  and  the  sea  gradually 
encroached  upon  its  surface  ;  from  this  sea, 
in  its  various  advances  and  retrocessions, 
our  different  geological  formations  have 
been  deposited." 

Nine-tenths  of  the  present  production  is 
found  in  that  part  of  the  strip  referred  to, 
80  miles  in  length,  known  as  the  Pennsyl- 
vania Oil  Region. 

It  is  desired  particularly  to  convey  to  the 
mind  of  the  reader  an  accurate  impression 
of  the  relative  size  and  location  of  such  areas 
as  have  produced  oil,  and  which  are  defined 
by  the  spots  on  Map  B,  and  it  will  be  ob- 
served that  these  spots  are  isolated  and  dis- 
connected, with  no  indication  of  any  con- 
tinuous belt. 

To  present  this  more  clearly,  it  may  be 
stated  that  out  of  2,160  square  miles  of 
land  in  the  Pennsylvania  oil  region,  drilled 
over  and  accepted  as  oil  territory,  but  8^ 
square  miles  have  produced  oil ;  that  is  to 
say,  that  all  the  territory  that  is  or  has  been 
producing  could  be  contained  in  8|  square 
miles,  or  5,440  acres. 

An  application  of  these  producing  spots, 
proportionately,  to  the  great  strip  on  Map 
A,  will  show  at  once  how  comparatively 
infinitesimal  they  become. 

A  careful  examination  of  the  relative 
position  of  these  oil-producing  areas  fails  to 
suggest  any  system  in  their  arrangement ; 
a  line  drawn  through  three  or  more  of  these 
spots  constitutes  an  oil  belt,  in  the  popular 
sense  of  the  term,  but  as  these  lines  are 
drawn  in  all  directions,  as  the  location  of 
the  spots  readily  permits,  the  value  of  such 
an  inference  may  be  easily  estimated. 

It  is  perhaps  safe  to  assume  that  at  a 
depth  so  great  as  to  be  to  a  certain  extent 
a  matter  of  speculation  only,  and  under  the 
whole  of  the  strip  or  range  indicated  on 
Map  A,  we  shall  find  either  the  great  body 
or  the  component  materials  of  this  oil. 
That  the  animal  or  vegetable  tissues  from 
which  it  is  derived  were  there  deposited 
during  the  great  northern  floods,  will  prob- 
ably not  be  questioned. 

What  we  are  searching  for  to-day,  how- 
ever, is  the  location  of  the  vent-holes  by 
which  this  oil  reaches  within  drilling  dis- 
tance from  the  surface  of  the  earth  ;  whether 
such  vent-hole  consists  of  an  open  sand-rock, 
as  in  Pennsylvania,  or  of  an  anticlinal  or 
series  of  broken  rocks,  as  in  West  Virginia. 
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The  producing  spot  in.  the  Pennsylvania 
oil  region  is  an  area  containing,  at  a  depth 
of  from  500  to  1,100  ft.,  a  bed  of  porous 
open  sand-rock,  generally  formed  of  pebbles, 
cemented  together,  and  from  3  to  60  ft.  in 
thickness,  the  thickest  rock  giving  the  best 
well,  and  being  generally  found  in  the 
centre,  the  rock  tapering  off  at  the  edges. 

After  the  first  well  is  struck,  the  outline 
of  the  spot  is  readily  found  by  test  wells 
scattering  from  it. 

There  is,  therefore,  within  reach  of  the 
drill  no  connected  bed  of  oil-bearing  sand- 
rock  dipping  southward,  but  a  series  of 
scattered  disc-shaped  fragments,  whose  out- 
line and  situation,  as  so  far  discovered,  are 
indicated  by  the  spots  on  Map  B. 

The  fact  that  these  scattered  beds  of 
porous  producing  rock  are  found  at  a 
greater  depth  as  we  go  southward,  defines 
for  the  present  the  southern  limit  of  the 
region  ;  the  wells  at  Brady's  Bend,  being 
of  the  undesirable  depth  of  1,800  ft.,  cannot 
be  worked  with  profit. 

To  ascertain  the  extent  and  regularity  of 
this  dip,  we  take  the  relative  heights  of 
three  points  above  tide  water  at  Philadel- 
phia—Titusville,  1,180.9;  Tideoute,  1,099.4; 
Oil  City,  994.7. 

On  Watson  Flats,  35  ft.  below  the  point 
taken  at  Titusville,  the  oil  sand-rock  is  found 
at  450  ft.  The  fiat  at  Tideoute  is  81.5  ft. 
lower  than  Titusville,  and  the  sand-rock  is 
found  there  at  418  ft.,  showing  that  the 
rocks  at  the  two  places  are  nearly  on  a  level. 

Oil  City  flat  is  196.2  ft.  lower  than  Titus- 
ville, and  the  third  sand  is  found  there  at 
475  ft.,  the  distance  in  a  straight  line  being 
14-j1^  miles,  and  the  fall  or  dip  of  the  sand- 
rock  in  that  distance  186.2  ft.,  or  some- 
thing over  13  ft.  to  the  mile. 

It  will  be  objected  to  this  calculation  that 
a  dip  or  fall  of  the  bed  so  nearly  parallel 
with  that  of  the  earth's  surface,  is  no  dip  at 
all,  and  in  one  sense  this  is  true  ;  it  is,  how- 
ever, the  established  practice  to  compare 
the  record  of  oil  wells,  with  the  sand-rock 
taken  as  a  level  datum  line  or  basis,  and 
for  the  purpose  of  utilizing  the  past  work, 
it  is  better  to  be  so  considered. 

Southward,  nevertheless,  from  Oil  City, 
the  real  dip  of  the  sand-rock  is  quite  rapid. 
On  the  river  flat  near  Parker's,  the  sand  is 
found  at  757  ft.,  the  land  fall  from  Oil  City 
being  130  ft.,  giving  a  real  dip  to  the  rock, 
in  a  distance  of  24  miles,  of  152  ft.,  or,  as 
calculated  above,  282  ft.,  or  12  ft.  to  the 
mile. 


The  real  average  dip  of  the  rock  from  the 
the  earth's  surface  from  Titusville  to  Par- 
ker's is,  therefore,  142  ft.,  or  4  ft.  to  the 
mile. 

The  outer  boundaries  of  the  Pennsylvania 
oil  region  may  be  safely  considered  as  de- 
fined ;  all  new  territory  or  additional  pro- 
ducing spots,  will  be  found  wi thin  the  present 
limits  ;  indeed,  so  small  and  disconnected 
are  some  of  these  producing  spots,  that  even 
in  the  heart  of  the  old  Pithole  district, 
pierced  with  a  thousand  holes,  a  fresh  and 
untouched  rock  has  lately  been  found. 

It  is,  therefore,  difficult  to  say  when  any 
land  is  thoroughly  tested ;  a  few  acres  in 
one  corner  of  a  tract  may  pay  for  its  pur- 
chase many  times. 

The  past,  present,  and  prospective  future 
over  production  of  oil,  makes  it  a  matter  of 
congratulation  that  the  efforts  to  solve 
nature's  problem  as  to  its  precise  where- 
abouts are  unsuccessful. 

Were  it  not  so  the  country  that  will,  in 
all  human  probability,  supply  light  for  the 
next  century,  would  be  exhausted  or  ruined 
in  a  few  years. 

While  there  are  about  4,000  producers  in 
the  Pennsylvania  oil  region,  the  majority  of 
whom  will  operate  at  all  times  and  places 
regardless  of  the  market,  the  country  itself 
is  quietly  settling  into  a  few  hands.  One 
dozen  persons  can  be  named  who  now  own 
one-fourth  of  the  area  of  the  entire  Penn- 
sylvania region,  and  who  are  constantly 
acquiring  new  land  at  farm  prices. 

Land  of  assured  value  is  not  operated  by 
them  if  the  price  of  oil  does  not  warrant 
it. 

In  the  consideration  of  the  relative 
heights  of  various  points  in  this  section  in 
comparison  with  the  waiter  shed  or  river 
drainage,  the  following  table  of  levels  will 
afford  food  for  lively  reflection,  as  being 
somewhat  different  from  those  which  a 
glance  at  the  map  would  indicate  : 

Lake  Erie,  at  Cleveland,  is  564  ft-  above  tide  water. 

Titusvill,  Pa.,  is  1,180.9         " 

Oil  City,      "  094  7 

Mouth  of  Muskingum  River,  on  Ohio  River,  is  571 

ft    above  tide  water. 
Mouth  of  Scioto  River,  on  Ohio  River,  is  474  ft. 

above  tide  water. 
Ohio   River,  at  Wheeling,   is   620  ft.    above   tide 

water. 

It  must  be  borne  in  mind  that  the  third 
sand-rock  of  the  shallow  wells  is  the  same 
as  the  fifth  or  even  the  sixth  sand-rock  of 
the  deeper  wells,  all  the  sand-rocks  under- 
lying the  coal  measures. 
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In  the  south  part  of  the  region,  where 
six  or  even  more  sand-rocks  are  found  on 
the  hills,  coal  is  generally  obtained  from 
shallow  pits,  or  short  drifts  near  the  sur- 
face. 

The  uncertain  days  of  petroleum  are 
over.  No  man  is  to-day  a  beggar  and  to- 
morrow a  prince  ;  those  who  grasp  success  do 
so  only  as  the  result  of  most  legitimate  hard 


work.  The  wages  of  labor  are  compara- 
tively small,  and  all  branches  of  the  busi- 
ness reduced  to  the  closest  system  by  sharp 
competition.  The  next  few  years  will  not 
only  find  the  country  in  fewer  hands,  and 
consequently  better  controlled,  but  will  dis- 
close some  immense  fortunes  acquired,  not 
by  dumb  luck,  but  by  hard  work,  fore- 
thought, and  patient  accumulation. 
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LOCAL  ATTKACTION. 


From  the  "  Nautical  Gazette. 


The  subject  of  the  Magnetism  of  Ships, 
their  Local  Attraction,  and  the  consequent 
variations  of  ships'  compasses,  is  one  which 
has  received  comparatively  little  scientific 
attention  in  America.  Indeed,  the  general 
intelligence  of  the  commanders  of  American 
ships  has  made  each  one  capable  of  observ- 
ing for  himself,  and  with  a  properly-adjust- 
ed compass,  and  a  study  of  the  peculiarities 
of  his  vessel,  he  has  formed  his  own  rules, 
which  have  answered  very  well  in  the  man- 
agement of  vessels  constructed  principally 
of  wood.  In  England  the  matter  has  re- 
ceived much  greater  attention,  especially 
since  the  commencement  of  the  construction 
of  iron  ships.  Various  authors  have  writ- 
ten upon  it  from  time  to  time — among  them 
Scoresby,  Walker,  Harris,  Gray,  Barlow, 
Airy,  Faraday  and  others ;  and  at  Liver- 
pool a  Compass  Commission  has  been  formed, 
which  has  already  issued  three  reports  on 
deviations  of  the  compass  and  their  reme- 
dy— finding  plenty  of  cause  for  the  devia- 
tions, but  unable  as  yet  to  suggest  an  invari- 
able cure  for  the  difficulties  encountered. 

As  the  era  of  iron  ships  has  commenced 
in  this  country,  and  we  shall  doubtless  en- 
counter the  same  trouble  from  this  cause  as 
has  already  been  and  is  still  being  encoun- 
tered in  England,  it  is  well  to  note  the  pro- 
gress of  the  investigations  there,  so  that  we 
may  benefit  by  them,  through  avoidance  of 
what  are  known  to  be  errors,  whether  of 
construction  or  otherwise.  In  doing  this, 
we  shall,  of  course,  be  largely  indebted  for 
our  data  to  the  English  writers. 

By  the  term  "local  attraction,"  as  applied 
to  a  ship,  we  are  to  understand  a  certain 
disturbance  of  the  compass  under  the  influ- 
ence of  the  general  mass  of  the  vessel,  con- 
sidered magnetically,  in  virtue  of  the  iron 
which  it  contains.     The  amount  of  disturb- 


ance will  materially  depend  on  the  direction 
of  the  ship's  head  in  respect  to  the  needle, 
by  which  the  ship's  position  as  a  magnet  is 
varied.  It  is  now  but  too  certain  that  errors 
of  the  compass  thus  produced  have  led  to 
afflicting  cases  of  shipwreck.  It  is  believed 
that  we  owe  the  first  intelligible  notice  of 
the  local  attraction  of  a  ship  to  Mr.  Wales, 
F.R.S.,  who  accompanied  Capt.  Cook  as  the 
astronomer  of  his  expeditions  in  1772-74. 
Mr.  Wales  observed,  in  the  English  Chan- 
nel, differences  in  the  azimuth  compass  of 
19  to  25  deg.,  and  afterward  similar  discrep- 
ancies all  the  way  from  England  to  the  Cape. 
The  greatest  westerly  deviations  occurred 
when  the  ship's  head  was  between  N.  and 
E.  He  was  hence  led  to  express  his  convic- 
tion "that  variations  of  the  compass,  observ- 
ed with  the  ship's  head  in  different  positions, 
and  even  in  different  parts  of  the  ship,  will 
differ  materially."  This  was  certainly  the 
first  notice  of  local  attraction  scientifically 
observed,  and  must  not  be  confounded  with 
the  notices  of  the  common  action  of  iron  on 
the  compass  mentioned  by  earlier  navi- 
gators. 

In  the  year  1790,  Mr.  Downie,  master  of 
His  Majesty's  ship  Grlory,  made  an  interest- 
ing report  on  this  subject,  in  which  he  ob- 
serves "that  in  all  latitudes,  at  any  distance 
from  the  magnetic  equator,  the  upper  ends 
of  iron  bolts  acquire  an  opposite  polarity  to 
that  of  the  latitude " — an  observation  in 
accordance  with  an  experiment  made  by 
Marcel  in  1772;  so  that,  by  induction,  they 
may  attract  or  repel  the  north  end  of  the 
needle,  according  as  the  ship  is  on  the  north 
or  south  side  of  the  equator,  thereby  caus- 
ing serious  errors  in  the  compass.  Admi- 
ral Murray  and  Capt.  Penrose,  while  cruis- 
ing off  the  Nap  of  Norway,  observed  a  point 
difference  in  the  direction  of  the  compass 
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when  the  ship's  head  was  toward  or  turned 
from  the  land. 

In  1801  and  1802  this  important  inquiry- 
received  fresh  impulse  from  Capt.  Flinders, 
who,  in  the  course  of  his  voyage  of  survey 
to  New  Holland,  also  observed  differences 
in  the  magnetic  needle  when  no  other  cause 
was  apparent  than  that  of  a  difference  in 
the  direction  of  the  ship's  head.  When 
the  ship's  head  was  north  or  south,  the  nee- 
dle was  not  influenced;  but  when  east  or 
west,  the  difference  in  the  direction  of  the 
compass  was  considerable.  Capt.  Flinders 
conceives  the  magnetic  force  of  the  ship's 
iron  to  be  concentrated  into  something  like 
a  focal  point,  nearly  in  the  centre  of  the 
ship,  having  the  polarity  of  the  hemisphere 
in  which  the  ship  is  placed. 

These  important  facts,  however,  appear 
to  have  been  lost  sight  of  until  Mr.  Bains, 
Master  in  the  Royal  Navy,  published,  in 
1817,  a  valuable  little  treatise  on  the  varia- 
tion of  the  compass;  soon  after  which,  in 
1819,  Prof.  Barlow  undertook  his  capital 
course  of  experiments,  with  a  view  of  com- 
puting and  correcting  this  source  of  error. 
The  question  of  local  attraction  since  this 
period  has  received  abundant  and  impor- 
tant verification  from  the  labors  of  celebra- 
ted   navigators Ross,     Scoresby,  Parry, 

Franklin,  Fitzroy,  King,  and  many  others. 

The  errors  liable  to  arise  in  the  reckon- 
ing of  a  ship's  course  may,  from  the  local  at- 
traction of  the  ship,  be  of  very  serious 
amount.  Let,  for  example,  a  vessel  be 
close-hauled  upon  the  port  tack,  the  wind 
being  true  north ;  then,  since  she  sails 
within  six  points  of  the  wind,  her  head  will 
be  E.N.E.  Supposing,  however,  that 
with  the  ship's  head  in  this  direction,  the 
local  attraction  causes  the  north  pole  of  the 
compass  to  deviate  half  a  point  west ;  then 
the  true  direction,  E.N.E.,  will  read  on 
the  card  as  E.N.E.  |E.,  for  the  E  point 
will  then  come  up  half  a  point.  In  laying 
off  the  course,  therefore,  on  a  chart,  for  the 
ship's  place,  she  would  be  reckoned  as  sail- 
ing E.  by  N.-J-N.  Suppose  the  vessel  be 
now  put  on  the  opposite  or  starboard  tack, 
then,  having  again  trimmed  within  six 
points  of  the  wind,  her  head  would  be  W. 
N.W.  Suppose,  however,  that  in  this  di- 
rection of  the  ship's  head,  the  local  attrac- 
tion now  turns  the  compass  needle  half  a 
point  the  other  way — that  is  eastward — 
which  it  may ;  then  W.N.W.  would  read 
on  the  card  W.N.W.  ^W.,  since  the  west 
point  would  come  up ,    and   she  would,  in 


keeping  the  reckoning  by  compass,  be  taken 
as  sailing  about  W.  by  N.-^N.,  whereas 
she  would  actually  be  at  some  point  much 
further  northward.  Now,  if  so  great  a 
difference  may  arise  upon  a  comparatively 
small  difference  of  half  a  point  of  the  com- 
pass, how  great  must  be  the  evil  when  the 
deviation  bocomes  four  times  that  amount ! 
It  is,  therefore,  not  at  all  surprising  that 
very  melancholy  cases  of  shipwreck  should 
have  so  frequently  occurred,  without  any 
apparent  neglect  on  the  part  of  the  officers 
of  the  ship.  On  the  26th  of  March,  1808, 
His  Majesty's  ship  Apollo,  with  a  convoy  of 
seventy  merchant  vessels,  sailed  out  of 
Cork  ;  and  at  8  a.  m.  on  the  2d  of  April  fol- 
lowing, the  frigate  and  forty  sail  of  the  con- 
voy found  themselves  on  shore  on  the  coast 
of  Portugal,  believing  at  the  time  that  they 
were  180  miles  westward  of  it.  The  con- 
sequence was  a  most  afflicting  shipwreck. 
Another  most  remarkable  instance  is  to  be 
found  in  the  wreck  of  His  Majesty's  frigate 
Thetis,  which  sailed  from  Rio  on  the  -1th  of 
December,  1830,  having  on  board  a  million 
of  dollars.  The  ship's  head  being  south- 
east by  compass,  they  stood  on  until  the 
next  morning,  thinking  themselves  clear  of 
the  land ;  and,  the  wind  coming  free,  they 
tacked,  and  set  studding  sails.  All  at  once, 
after  a  favorable  run,  they  found  the  ship 
against  the  perpendicular  cliff  of  Cape  Frio, 
running  at  nine  knots.  She  went  stem  on 
to  the  rock  in  deep  water.  Of  course,  the 
bowsprit  and  all  the  masts  were  carried 
overboard,  and  the  ship  became  a  total 
wreck.  The  greatest  amount  of  disturb- 
ance hitherto  observed  in  vessels  built  of 
wood  does  not  appear  in  certain  positions 
to  have  far  exceeded  20  deg.,  or  about  two 
points ;  still,  a  very  serious  error  in  the 
course  of  a  ship.  In  iron  vessels,  however, 
the  disturbance  may  be  so  great  as  to  ren- 
der the  compass  next  to  useless.  In  the 
steamship  Shanghai,  driven  by  a  screw 
propeller,  the  deviation  with  the  ship's 
head  south,  as  observed  by  Lilly,  amounted 
in  the  binnacle  compass  to  171  deg.  34 
min.  W.,  being  more  than  fifteen  points. 

It  is  very  difficult  to  determine  all  the 
different  arrangements  in  polarity  inciden- 
tal to  the  iron  of  a  ship,  especially  in  ships 
of  war  and  iron-built  ships,  since  every 
piece  of  iron  in  the  ship  may  become  mag- 
netic by  induction,  the  poles  varying  as  the 
ship  turns  into  new  directions,  and  chang- 
ing altogether  with  the  latitude  north  or 
south  of  the  equator.    The  disturbing  effect 
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on  the  compass  also  will  be  different  under 
different  angles  of  inclination,  as  was  com- 
pletely shown  by  Capt.  Walker,  R.  N.,  in 
a  valuable  set  of  experiments  on  the  Re- 
cruit, an  iron  brig.  We  have,  hence,  a 
very  intricate  problem  to  solve. 

The  method  of  ascertaining  the  effect  of 
local  attraction  on  the  compass,  as  recom- 
mended by  Sir  W.  S.  Hands,  one  of  the 
most  intelligent  English  writers  on  the  sub- 
ject (to  whom  we  are  principally  indebted 
for  the  foregoing  data),  is  given  herewith. 
Other  methods  are  recommended,  as  ap- 
pear in  the  papers  submitted  to  the  Com- 
pass Commission,  and  which  will  be  duly 
noticed  in  the  course  of  our  review  of  the 
subject.  The  ship,  says  Harris,  must  be 
placed  in  smooth  water,  in  a  slack  tide,  or 
in  a  basin,  and  must  be  so  circumstanced 
as  to  admit  of  being  gradually  swung  and 
secured  in  any  direction  on  the  thirty-two 
points  of  the  compass,  by  means  of  warps, 
mooring  buoys,  or  anchors.  The  vessel 
being  thus  circumstanced,  a  very  distant 
object  is  to  be  selected,  and  its  bearing 
taken  from  a  convenient  station  on  shore, 
not  liable  to  any  magnetic  disturbance. 
This  bearing  should  be  taken  with  a  tine 
azimuth  compass,  to  be  employed  as  a 
standard  compass  of  observation,  and  fixed 
in  a  given  place  on  board  the  ship.  Sup- 
pose the  bearing  of  the  distant  object  at  a 
station  were  N.  85  deg.  E. ;  having  deter- 
mined this,  we  substitute  for  the  compass  a 
theodolite,  or  the  azimuth  circle,  and  adjust 
it  so  that  the  distant  object  shall  read  off 
exactly  the  same  bearing — N.  35  deg.  E. 
The  compass  is  now  transferred  to  the  ship, 
and  set  upon  a  firm  pillar  in  the  midship 
line  of  the  quarter-deck.  An  observer  now 
takes  the  bearing  of  the  pillar  on  shore 
at  the  same  instant  that  an  observer  on 
shore  takes  the  bearing  of  the  pillar  on 
board,  which  is  done  by  signal.  If  the 
ship  does  not  influence  the  compass,  then  it 
is  clear  that  these  reverse  bearings  will  co- 
incide in  the  same  line.  Thus,  if  the  pil- 
lar on  shore  bore  due  east  froru  the  ship, 
the  pillar  on  board  would  be  due  west  from 
the  shore.  If  this  coincidence  be  not  ob- 
tained, the  difference  is  the  local  attraction 
of  the  ship.  If,  for  example,  while  the  pil- 
lar on  board  bore  due  west  from  the  shore, 
the  pillar  on  shore  bore  from  the  ship  E. 
£N.,  that  is,  E.  5  deg.  87  min.  30  sec.  N., 
then  the  local  attraction  of  the  ship,  direct- 
ed in  the  position  in  which  she  happened 
to  be  placed,  would  have  been  such  as  to 


have  drawn  the  north  pole  of  the  needle  5 
deg.  37  min.  30  sec.  toward  the  east,  and 
this  would  be  the  local  attraction  for  that 
position  of  the  ship.  In  this  way,  by 
bringing  the  ship's  head  successively  upon 
each  of  the  thirty-two  rhombs,  and  taking 
what  are  called  cross-bearings,  we  deter- 
mine the  local  attraction  or  disturbance  of 
the  compass  for  each  point  of  direction. 
This  was  the  method  first  pursued  by  Prof. 
Barlow ;  and  it  is,  perhaps,  as  perfect  as 
any. 

The  present  method  pursued  in  deter- 
mining the  local  attraction  of  the  English 
naval  ships  is  somewhat  different.  The 
bearing  oi  some  very  distant  object  is  first 
determined  by  the  standard  compass  from, 
the  ship's  deck,  and  for  the  ship's  head, 
directed  upon  each  point  of  the  compass. 
The  compass  is  now  taken  on  shore  to  some 
convenient  spot,  and  the  same  distant  spot 
brought  to  coincide  with  the  observer's  eye 
and  the  pillar  from  which  this  bearing  was 
taken  on  board,  the  ship  being  again  swung 
successively  upon  the  thirty-two  points  of 
the  compass.  If  the  ship  had  not  disturbed 
the  compass,  the  bearing  should  coincide ; 
if  not,  the  difference  upon  each  point  is  the 
local  attraction.  If  the  object  be  very 
distant,  the  bearings  may  be  simply  taken 
from  the  two  stations,  without  including 
the  ship,  and  the  difference  set  down  as  the 
local  attraction,  without  any  sensible  error. 

R.  Stebbing,  of  Southampton,  has  lately 
invented  an  extremely  available  and  very 
valuable  method  of  determining  the  local 
attraction  of  a  ship,  by  which  much  labor  is 
avoided  and  time  saved.  A  centre  staff, 
with  a  flag  on  it,  is  set  up  on  some  chosen 
place  on  shore,  and  a  segment  of  the  mag- 
netic circle,  of  about  a  hundred  feet  radius, 
described  from  this  point  as  a  centre.  Long 
poles  are  then  set  up  on  this  segment,  at 
each  5  deg.,  and  other  intermediate  shorter 
poles  on  each  single  degree.  The  fine  of 
the  magnetic  meridian  being  carefully  de- 
termined, the  true  bearing  of  the  centre 
staff,  and  its  intersection  with  either  of  the 
poles  of  the  segment,  are  giv<*.  With  a 
view  to  an  easy  distinction,  the  poles  are 
either  colored  differently,  or  carry  small 
distinguishing  flags.  The  observer  on  board 
has  now  only  to  take  notice  what  degree 
the  centre  staff  cuts  upon  the  circle  beyond 
it,  and  that  is  the  true  bearing ;  the  differ- 
ence, as  observed  by  the  compass,  is  the 
local  attraction. 

Other  means  of  correcting  local  attaction 
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are  :  1.  By  determining  a  table  of  errors  ; 
2.  By  a  compass-card,  distorted  so  as  to 
suit  the  particular  ship ;  3.  By  the  intro- 
duction of  new  forces  of  disturbance,  such 
as  will  either  make  known  or  compensate 
the  disturbing  force  of  the  ship. 

The  method  of  correction  by  a  table  of 
errors  is  evidently  the  first,  as  it  is  perhaps 
the  safest,  measure  we  can  adopt,  and  is  in 
all  cases  indispensable.  The  ship  being 
swung  in  the  way  previously  described,  the 
deviations  corresponding  to  the  direction  of 
the  ship's  head  are  entered  in  columns  of  a 
table  opposite  each  point  of  the  compass, 
and  the  correction  in  steering  a  particular 
course  applied.  -  Suppose  we  required  to 
make  good  a  due  E.N.E.  course,  and  that, 
with  the  ship's  head  in  that  direction,  the 
table  informs  us  that  the  north  pole  of  the 
needle  is  drawn  by  the  local  attraction  of 
the  ship  5  deg.  37  min.  toward  the  west : 
our  course  then  must  be  E.N.E^E.  nearly  ; 
for  that  would,  in  fact,  be  the  direction 
shown  by  the  card,  when  the  ship's  head 
was  in  that  direction.  In  effecting  a  cor- 
rected course  practically  by  a  table  of  er- 
rors, it  will  be  useful  to  possess  what  may 
be  termed  an  indicator,  by  which  the  course 
to  be  steered  by  the  standard  compass,  in 
order  to  make  good  any  required  true  mag- 
netic course,  may  be  found  mechanically  by 
inspection. 

In  correction  by  distorted  card,  the  ship 
being  swung  upon  the  different  points  of 
the  compass,  a  card  is  marked  off,  such  as 
on  trial  will  correspond  with  the  true  mag- 
netic direction  of  the  ship's  head,  by  which 
tae  ship  is  to  be  steered.  This  method  has 
been  found  very  available  and  satisfactory. 
The  objections  are,  that  the  irregular  dis- 
tances of  the  points  of  the  compass  confuse 
the  helmsman,  especially  in  steering  |  and 
%  points,  and  that  it  is  almost  impossible  to 
take  an  accurate  bearing  with  such  a  card. 
Gapt.  Sparks,  however,  who  has  lately  ob- 
tained a  patent  for  a  card  of  this  kind,  has 
ingeniously  applied  a  divided  circle  to  the 
verge  of  the  compass,  by  which,  when  set 
to  the  course  steered,  any  bearing  may  be 
taken.  The  idea  of  a  corrected  card  ap- 
pears to  have  been  also  suggested  by  Capt. 
Milne,  R.  N.,  in  an  interesting  paper  on 
local  attraction,  so  long  ago  as  the  year 
1832. 

We  are  indebted  to  Prof.  Barlow  for  the 
first  attempt  ever  made  to  correct  the  local 
attraction  of  a  ship  by  a  mass  of  iron 
placed  in  the  vicinity  of  the  compass,  so  as 


to  introduce  into  the  system  a  new  disturb- 
ing force,  which,  acting  at  a  given  point, 
would  produce  the  same  effect  on  the  needle 
as  that  of  the  iron  of  the  vessel.  In  order 
to  understand  clearly  this  kind  of  correction, 
we  must  observe  that  all  the  laws  which 
Prof.  Barlow  had  determined,  in  his  re- 
searches concerning  the  operation  of  regular 
masses  of  iron  on  the  needle,  he  found  to 
attach  to  irregular  masses,  whether  as  a 
system  under  the  form  of  detached  masses, 
as  in  a  ship,  or  under  any  irregular  form. 
In  all  cases  a  close  approximation  to  the 
action  of  the  system  on  the  needle  is  ar- 
rived at  on  the  supposition  that  the  force 
proceeds  from  two  centres  indefinitely  near 
each  other  in  the  general  centre  of  attrac- 
tion of  the  mass,  and  that,  in  iron  bodies, 
the  magnetic  force  is  confined  to  their 
surface. 

From  the  first  of  these  principles,  con- 
firmed by  subsequent  experiment,  we  may 
infer  that  the  centre  of  action  of  all  the  iron 
of  a  ship,  and  the  ideal  line  joining  this 
centre  with  the  centre  of  the  needle,  would 
be  constant  in  all  parts  of  the  world.  By 
the  second,  we  infer  that  a  mere  plate  of 
iron  may  be  so  placed  in  this  line  as  to  pro- 
duce an  action  on  the  needle  equal  to  that 
of  the  ship,  so  that,  the  disturbance  pro- 
duced by  the  plate  being  found  experimen- 
tally, the  disturbance  due  to  the  ship  would 
be  known.  This  principle  was  first  em- 
ployed by  Prof.  Barlow. 

Since  the  correcting  plate  can  double  the 
disturbance  when  placed  in  a  given  position 
in  respect  to  the  compass,  we  may  infer 
that,  by  changing  its  position,  an  opposite 
point  may  be  found,  in  which  the  plate 
would  exactly  balance  the  local  attraction 
by  a  disturbance  in  an  opposite  direction  ; 
and  such  is  found  to  be  the  case,  at  least 
approximately.  In  applying  the  plate  to 
the  standard  compass,  either  with  this  or 
the  preceding  view,  the  several  bearings  for 
each  point  must  be  examined,  when  two 
opposite  points  will  be  commonly  found  in 
which  the  bearings  nearly  coincide ;  the 
mean  of  these  must  be  taken  as  indicating 
a  line  of  neutrality  in  the  ship.  The  direc- 
tion of  the  line  must  be  noted;  and,  in  some 
point  of  this  line,  the  compensator  must  ul- 
timately be  fixed.  To  determine  its  exact- 
position,  Prof.  Barlow  has  drawn  up  a  gen- 
eral table  of  local  attractions,  comprising  all 
possible  limits  of  disturbance  for  every  class 
of  sailing  ships  in  the  English  Navy  built 
of  wood,  in  which  are  found  the  limits  of 
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disturbance  applicable  to  the  given  vessel. 
Opposite  these  limits  are  two  numbers — one 
representing  the  distance  of  the  centre  of 
the  plate  below  the  pivot  of  the  needle  ;  and 
the  other,  its  distance  from  the  plumb-line 
or  vertical  passing  through  the  pivot  of  the 
needle.  At  this  depth  and  distance  in  the 
line  of  no  attraction,  and  abaft  the  compass, 
the  compensator  will  balance  all  the  dis- 
turbance arising  from  the  iron  of  the  ship  ; 
so  that,  on  swinging  the  ship,  the  needle 
will  be  found  without  error.  This  method 
has  proved  eminently  successful  in  practice, 
although  it  has,  we  understand,  been  dis- 
continued in  the  English  Navy  in  favor  of 
some  other,  probably  equally  good. 

Some  important  practical  observations 
having,  in  1835,  been  made  by  Captain 
Johnson,  on  the  steamship  Garry  Owen, 
from  which  it  appeared  that  the  ship 
operated  upon  a  compass-needle  placed 
outside  the  ship,  after  the  manner  of  a 
permanent  magnet,  Prof.  Airy  was  led,  in 
July,  1838,  to  undertake  an  extensive  ex- 
perimental and  analytical  investigation  of 
the  whole  subject,  with  a  view  to  discover 
such  general  laws  of  the  magnetic  disturb- 
ance in  iron  ships  as  would  enable  him  to 
correct  the  local  attraction.  The  results  of 
his  inquiry  were  published  in  the  Transac- 
tions of  the  Royal  Society  for  1839.  The 
practical  method  of  effecting  his  corrections 
is  to  swing  the  ship,  as  before  described ; 
then,  by  means  of  two  magnets  and  a  mass 
of  iron,  to  correct  the  disturbances.  The 
magnets  are  placed  by  trial  upon  some 
point  in  one  of  two  lines  carefully  deter- 
mined— one  parallel  to  the  keel,  the  other 
at  right  angles  to  the  keel ;  these  lines  are 
either  traced  on  the  deck,  or  on  the  ceiling 
below  the  deck-timbers.  If  the  ship's  head 
be  north  or  south,  and  the  transverse  magnet 
be  shifted  by  trial  until  the  compass  points 
correctly,  it  will  be  certain  then  that  the 
force  to  or  from  the  starboard  side  is  compen- 
sated. Similarly,  if  the  ship  be  swung  east 
or  west,  the  longitudinal  magnet  is  shifted 
until  the  compass  again  points  correctly: 
the  force  to  or  from  the  head  is  now  com- 
pensated. As  it  is  requisite,  in  this  opera- 
tion, to  correct  the  compass  simultaneously 
with  the  observation  of  the  deviation,  the 
method  pursued  by  Mr.  Stebbing,  of  South- 
ampton, previously  noticed,  will  be  found  of 
great  value  in  this  case. 

Some  vessels  are  more  easily  managed 
than  others.  The  compasses  in  one  vessel 
may  require  a  single  magnet  only ;  others 


require  two,  with  the  addition  of  a  box  of 
iron  chains.  For  instance,  the  Ptipon  was 
found  to  require  two  magnets  and  a  chain  for 
each  compass ;  the  Pottinger  had  a  single 
magnet  only,  aided  by  a  chain  ;  and  the 
Ariel's  compass  was  corrected  by  one  mag- 
net only,  without  any  auxiliary  aid. 

Many  objections  have  been  raised,  as  may 
be  easily  imagined,  to  these  methods  of 
compensating  the  forces,  disturbing  the 
compass  by  the  introduction  of  other  dis- 
turbing forces — such  as  the  liability  of  the 
relations  of  the  magnetic  forces  to  change 
with  change  of  place  and  with  time  ;  the 
influence  of  changes  of  temperature  on  the 
correcting  magnets  ;  as  also  the  liability  of 
the  magnets  themselves  to  vary  in  power. 
Such  objections  are,  of  course,  inseparable 
from  this  kind  of  investigation  ;  and  we  can 
only  determine  their  validity  by  experience. 
So  far  as  experience  extends,  it  cannot 
probably  be  denied  but  that  the  compass, 
as  corrected  in  iron  ships  by  Prof.  Airy's 
method,  has,  upon  the  whole,  acted  remark- 
ably well.  We  cannot  certainly  consider  the 
question  to  be  so  definitely  determined  as  to 
render  all  further  observation  unnecessary ; 
it  is  very  important,  as  stated  by  Prof.  Airy, 
to  subject  the  vessel  from  time  to  time  to 
further  examination,  and  carefully  note  all 
the  changes  which  are  liable  to  occur. 
There  is  little  doubt  but  that  compasses 
corrected  by  permanent  magnets  are  affect- 
ed by  time  and  by  geographical  position  ; 
but  still  not  to  such  an  extent  as  is  likely  to 
lead  to  any  very  sensible  error,  or  an  error 
which  may  not  be  provided  against.  Ships, 
however,  destined  for  long  voyages,  should 
still  depend  materially  upon  a  table  of 
errors,  registered  for  a  standard-compass, 
whatever  other  method  of  correction  of  the 
compass  be  resorted  to.  Corrected  cards 
are  decidedly  useful,  especially  in  iron 
ships,  and  may  be  employed  with  advan- 
tage, in  conjunction  with  other  means,  to 
determine  the  true  magnetic  course. 

The  following  are  a  few  important  facts, 
as  deduced  by  Mr.  Stebbing  from  his  ex- 
perience of  iron  ships  :  1.  A  compass  may 
be  very  true  on  one  or  several  points,  and 
greatly  disturbed  on  others.  2.  The  errors 
of  one  ship  are  no  guide  to  the  errors  of 
another.  3.  The  errors  are  least  toward 
the  middle  of  the  vessel.  4.  Every  iron 
ship  is  a  magnet  in  itself:  some  have  the 
north  pole  aft,  and  some  the  south.  The 
magnetic  axis  is  frequently  determined  di- 
agonally through  the  ship.     5.  There  are 
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in  all  iron  ships  two  points,  either  opposite 
or  nearly  so,  at  which  there  is  no  error ; 
there  are  two  other  points  where  the  error 
is  the  greatest.  An  error  will  sometimes 
not  alter  three  degrees  in  a  range  of  five 
points,  but  may  then  change  thirty  degrees 
in  the  next  five  points. 

So  much  of  this  important  subject  as  is 
indicated  in  the  foregoing  review  was  deter- 
mined in  England  as  early  as  1852.  In 
1855  the  first  report  of  the  Liverpool  Com- 
pass Committee  was  made  to  the  Board  of 
Trade.  It  was  mainly  confined  to  a  descrip- 
tion of  the  mode  of  operations  of  the  Com- 
mittee, and  embodied  a  series  of  questions  in 
form,  to  be  propounded  to  the  commanders 
of  all  vessels  sailing  out  of  British  ports — 
such,  for  instance,  as  the  following :  What 
is  the  nature  and  amount  of  deviation  of 
the  compass  (in  either  wooden  or  iron 
ships)  ?  Does  it  differ,  and  to  what  extent, 
in  the  same  ship  at  different  times,  and 
under  what  circumstances  ?  What  changes, 
transient  or  permanent,  are  caused  by  cargo, 
concussion,  straining,  or  change  of  geogra- 
phical position  ?  How  may  compass  errors 
be  obviated,  and  what  practical  rules  or  re- 
medies are  most  applicable  ?  These  main 
questions  were  minutely  subdivided,  so  as 
to  insure  a  complete  record  of  all  essential 
facts  bearing  on  the  investigation,  and  ob- 
servations with  an  elevated  compass  were 
urged  as  especially  desirable. 

The  second  report  of  the  Committee  was 
made  in  1856.  It  contained  the  results  of 
observations  and  experiments  made  in  ac- 
cordance with  the  plan  set  forth  in  the  first 
report,  but  was  not  so  satisfactory  in  all  re- 
spects as  the  Committee  could  have  desired. 
The  records,  however,  no  longer  allowed  a 
doubt  as  to  the  connection  which  exists  be- 
tween the  direction  of  a  ship's  magnetism 
and  her  position  when  upon  the  building 
slip.  In  all  the  ships  which  had  been  ex- 
amined, the  north  end  of  the  compass  needle 
invariably  deviated  toward  that  part  of  the 
ship  which  was  furthest  from  the  north 
while  she  was  building,  if  the  compass  was 
placed  in  a  central  position,  and  free  from 
the  influence  of  individual  masses  of  iron. 
This  was  determined  after  numerous  ex- 
periments. The  Committee  also  strongly 
recommended  the  use  of  the  "  dumb-card," 
or  "  azimuth  card  without  a  needle,"  find- 
ing the  magnetism  or  local  attraction  of  a 
ship. 

The  third  and  most  important  report  of 
the  Committee  was  made  in  1860,  covering 


the  preceding  four  years.  The  chief  points 
insisted  upon  were  announced  to  be  that 
the  magnetism  of  iron  ships  is  distributed 
according  to  precise  and  well-determined 
laws. 

That  a  definite  magnetic  character  is  im- 
pressed upon  every  iron  ship  while  on  the 
building  slip,  and  is  never  afterwards  en- 
tirely lost. 

That  a  considerable  reduction  takes  place 
in  the  magnetism  of  an  iron  ship  on  first 
changing  her  position  after  launching  ;  but 
afterwards  that  any  permanent  change  in 
its  direction  or  amount  is  a  slow  and  grad- 
ual process. 

That  this  original  magnetism  of  an  iron 
ship  is  constantly  subject  to  small  fluctua- 
tions, from  change  of  position,  arising  from 
new  magnetic  inductions. 

That  the  compass  errors  occasioned  by 
the  more  permanent  part  of  a  ship's  magnet- 
ism may  be  successfully  compensated,  and 
that  this  compensation  equalizes  the  direc- 
tive power  of  the  compass  needle  on  the 
several  courses  on  which  a  ship  may  be 
placed. 

These  deductions,  it  must  be  explained, 
were  founded  upon  observation?  and  experi- 
ments made  in  port.  The  principal  topics 
which  remained  for  discussion  and  inquiry 
were,  the  effect  of  heeling  on  the  compasses 
of  iron  ships,  and  the  changes  which  occur 
on  change  of  magnetic  latitude. 

In  considering  the  compass  deviations 
from  heeling,  it  was  early  a  subject  of  re- 
mark that  the  evidence  before  the  Commit- 
tee generally  indicated  an  attraction  of  the 
north  end  of  the  compass  needle  to  the  high 
or  weather  side  of  the  ship,  in  whatever 
direction  she  listed,  while  published  experi- 
ments on  this  subject,  made  on  board  the 
Bloodhound,  by  direction  of  the  Admiralty, 
showed,  on  the  contrary,  the  deviation  of 
the  needle  toward  the  lee  side,  and  of  com- 
paratively small  amount.  The  reports  of 
merchant  captains  were,  in  consequence, 
received  with  some  degree  of  caution,  until 
they  eventually  became  so  numerous  and  so 
consistent  as  to  demand  the  immediate  ac- 
tion of  the  Committee.  It  was  decided, 
therefore,  that  a  large  iron  ship  should  be 
heeled  and  swung.  As  certain  observations 
made  by  Captain  Leitch,  on  board  the  steam- 
ship City  of  Baltimore,  showed  that  this 
ship  would  be  a  desirable  one  for  the  pur- 
pose, she  was  placed  at  the  disposal  of  the 
Committee.  The  results  proved  conclusive- 
ly that   the    errors   from   heeling  were    so 
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large  as  to  very  seriously  affect  the  safe 
navigation  of  the  ship,  when  not  allowed 
for.  Thus,  the  azimuth  compass  of  this 
vessel,  which  is  placed  about  4  ft.  above  the 
deck  house,  nearly  11  ft.  above  the  deck, 
and  about  30  ft.  before  the  mizzen  mast, 
when  the  ship's  head  was  placed  north, 
correct  magnetic,  showed  a  deviation  to  the 
west  of  7  deg.  30  min. ;  when  she  was  heel- 
ed 10  deg.  to  starboard,  the  deviation  was 
25  deg.  30  min.  to  the  west ;  and  when  she 
was  heeled  10  deg.  to  port,  the  deviation 
was  15  deg.  3  min.  to  the  east ;  showing  a 
difference  of  41  deg.,  due  to  heeling  alone, 
without  in  any  way  changing  the  direction 
of  the  ship's  head  ;  or  an  average  change  of 
2  deg.  of  deviation  for  each  degree  of  heel ! 
This  was  about  the  maximum  change  for 
the  azimuth  compass,  for  it  was  found  that 
when  the  ship's  head  was  east  or  west,  by 
compass,  there  was  practically  no  change  of 
deviation  from  heeling,  and  that  the  change 
gradually  increased  as  the  ship's  head  ap- 
proached north  or  south  by  compass. 

The  results  of  these  experiments  were 
thought  so  veiy  remarkable,  that  the  depu- 
ty chairman  of  the  Committee,  who  was 
then  having  a  large  iron  ship  built  in  Liver- 
pool, with  her  head  toward  the  east,  deter- 
mined that  this  vessel,  the  Aphrodita,  should 
also  be  heeled  and  swung  before  she  went 
to  sea.  A  short  time  afterward,  the  owners 
of  another  large  ship,  the  Simla,  then  build- 
ing on  the  opposite  bank  of  the  Mersey, 
with  her  head  toward  the  west,  consented 
to  have  her  heeled  for  similar  experiments. 
Both  these  ships,  like  the  City  of  Baltimore, 
showed  very  large  deviations  from  heeling, 
while  the  general  direction  of  their  mag- 
netism corresponded  with  the  opposite  direc- 
tion in  which  they  were  built;  the  chief 
attraction  of  the  compass  needle  in  the 
Aphrodita  being  toward  the  starboard  side, 
and  in  the  iSimla  toward  the  port  side.  But 
both  ships  corresponded  with  the  City  of 
Baltimore  in  attracting  the  north  end  of  the 
compass  needle  to  the  high  side  when  they 
were  heeled  over. 

Had  the  heeling  experiments  of  the  Com- 
pass Committee  closed  here,  there  would 
undoubtedly  have  appeared  some  incon- 
gruity between  them  and  the  Admiralty 
experiments  before  noted.  For,  though  it 
would  be  easy  for  one  conversant  with  the 
magnetism  of  iron  ships  to  indicate  what 
distribution  of  a  ship's  magnetic  force  would 
to  them  account  for  the  observed  phenom- 
ena, it  is  felt  that  the  majority  of  the  com- 


manders of  iron  ships  could  not  be  expected 
to  possess  this  information,  and  that  they 
may  be  excused  for  holding  the  opinion  now 
prevalent  among  them,  that  there  is  some- 
thing wayward  and  uncertain,  not  to  say 
marvellous,  in  the  deviations  of  the  compass 
which  arise  from  heeling.  Fortunately,  a 
fourth  vessel  of  the  same  large  class  as  the 
Simla  and  Aphrodita  was  afterwards  heeled, 
at  the  request  of  the  Secretary,  and  proved, 
as  it  were,  a  connecting  link  between  the 
two  sets  of  experiments.  The  results  ob- 
tained in  this  case  demonstrated  practically 
what  had  previously  been  suggested  by  the- 
ory. A  few  days  before  this  ship — the 
Slieve  Donard — was  swung,  some  prelimi- 
nary experiments  were  made  with  the  dip- 
ping-needle and  vibration-compass,  to  ascer- 
tain suitable  positions  for  the  compass. 
These  indicated  so  little  vertical  magnetic 
force  in  the  after  part  of  the  vessel,  com- 
pared with  those  made  on  board  the  other 
ships,  that  it  was  at  once  suspected  that  the 
Slieve  Donard  would  show  very  small  error 
from  heeling,  and  that  she  could  not  have 
been  built  head  nearly  east,  as  had  been 
supposed,  from  the  known  position  of  the 
building  yard.  On  going  to  the  yard,  it 
was  found  that,  owing  to  the  great  length 
of  the  ship,  the  ways  on  which  she  was 
built  had  been  placed  obliquely,  so  that  the 
direction  of  her  head  while  building  was 
nearly  three  points  south  of  east !  The 
smallness  of  the  observed  dip  was  thus  sat- 
isfactorily accounted  for,  and  the  inference 
which  had  already  been  drawn  in  respect 
to  the  deviations  to  be  expected  from  heel- 
ing this  ship  was  proportionately  strength- 
ened. In  these  experiments  the  standard 
compasses  were  chosen,  and  placed  in  care- 
fully-selected positions,  free  from  the  dis- 
turbances of  particular  masses  of  iron,  and 
at  least  4  ft.  above  the  deck ;  in  the  cases 
of  the  Aphrodita,  Simla  and  City  of  Balti- 
more, from  11  to  12  ft.  above  the  deck. 

The  most  careful  observation  tended  to 
show  that  there  was  a  general  consistency 
in  the  results  obtained.  Thus,  in  ships  built 
with  their  heads  more  or  less  to  the  north, 
it  was  proved  that  there  is  a  strong  mag- 
netic attraction  of  the  opposite  name  below 
the  compasses  in  all  the  alter  part  of  the 
ship,  the  effect  of  which  is  to  increase  the 
deviations  observed  with  the  ship  upright 
as  the  ship  is  heeled  in  one  direction,  and 
to  decrease  them  when  the  ship  is  heeled  in 
the  opposite  direction,  the  result  being  equiv- 
alent to  an  attraction  of  the  north  end  of 
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the  compass  needle  to  the  high  side  of  the 
ship.  In  ships  built  with  heads  more  or 
less  to  the  south,  as  there  will  be  the  con- 
trary magnetic  attraction  below  the  compass, 
the  reverse  effect  from  heeling  is  exhibited. 
It  remains  to  be  explained  why  the  devia- 
tions from  heeling  in  ships  built  head  to 
south  are  so  much  smaller  than  in  ships 
built  head  to  north  in  these  northern  lati- 
tudes. The  principal,  but  not  the  only  cause 
of  this,  is  believed  to  be  the  induced  verti- 
cal magnetism  of  the  deck  beams,  and  oth- 
er similarly  placed  pieces  of  iron,  as  the 
ship  heels  over.  In  this  latitude  the  upper 
ends  of  the  beams  instantly  acquire  south- 
ern polarity,  and,  in  combination  with  the 
natural  south  polarity  of  the  after  part  of 
the  vessel  built  head  to  north,  jointly  pro- 
duce the  deviation  of  the  needle  to  the  high 
side ;  but  in  ships  built  head  to  south,  there 
is  only  the  difference,  instead  of  the  sum  of 
these  two  forces.  This  being  the  case,  it  is 
apparent  that  there  may  be  some  ships  in 
which  these  two  forces  will  cancel  each  oth- 
er in  this  latitude,  and  that  those  ships  must 
necessarily  be  built  in  north  latitude,  with 
their  heads  somewhere  between  south  and 
west  and  south  and  east.  The  Slieve  Do- 
nard  indicated  more  closely  those  limits  for 
ships  of  her  class  built  in  England,  and 
places  them  near  S.W.  and  S.W.  by  W., 
or  S.  E.  by  E.  Further,  as  these  deviations 
from  heeling,  like  ordinary  deviations,  are 
partly  due  to  the  more  permanent  and  partly 
to  the  induced  magnetism  of  the  ship,  it  is 
evident  that  they  must  change  with  change 
of  magnetic  latitude,  and  that  in  high  south 
latitudes  the  reverse  phenomena  must  be 
expected  to  obtain  ;  namely,  that  ships  built 
here,  with  heads  more  or  less  to  the  north, 
will  have  comparatively  small  deviations 
from  heeling  in  high  south  latitudes,  and 
that  ships  built  head  to  south  will  have  larg- 
er deviations,  and  of  the  contrary  name,  to 
those  exhibited  in  north  latitude. 

The  general  effects  of  heeling  on  the 
deviation  of  the  compass  in  iron  ships 
may  be  stated  as  follows  : 

1.  The  maximum  deviations  from  heeling 
will  occur  in  iron  ships  when  they  are  upon 
or  near  northerly  or  southerly  compass 
courses.  They  will  decrease  as  the  ship 
approaches  easterly  or  westerly  compass 
courses.  There  will  practically  be  no  devi- 
ation from  heeling  when  the  ship's  head  by 
compass  is  east  or  west. 

2.  In  ships  built  in  this  latitude,  with 
their    heads    toward    any   point    between 


W.S.W.  and  E.8.E.  by  way  of  north, 
the  north  end  of  the  compass  needle  devi- 
ates toward  the  high  or  weather  side  of  the 
ship,  and,  other  things  being  the  same,  to 
the  greatest  extent  in  ships  built  with  head 
at  or  near  north.  In  these  ships  the  devia- 
tion from  heeling  will  increase  as  the  ship 
attains  greater  north  magnetic  latitude, 
and  will  decrease  as  the  ships  go  toward 
south  magnetic  latitude.  In  some  cases 
the  deviation  from  heeling  in  these  ships 
may  disappear  in  high  south  magnetic  lati- 
tude, or  even  change  its  name. 

3.  In  ships  built  with  head  between  S.W. 
and  S.E.  by  way  of  south,  the  deviation  from 
heeling  will  usually  be  small  in  north  mag- 
netic latitudes,  and  the  north  end  of  the 
needle  will  generally  be  attracted  toward  the 
low  side  of  the  ship.  The  deviation  from  heel- 
ing in  these  ships  will  increase  as  they  ap- 
proach south  magnetic  latitude. 

4.  In  ships  built  in  positions  intermediate 
to  those  named  in  sections  2  and  3,  the 
deviations  will  usually  be  small  in  ordinaiy 
north  latitudes,  and  are  not  likely  to  be 
very  large  in  ordinary  south  latitudes. 

5.  To  test  whether  a  ship's  compasses  will 
be  affected  by  heeling  or  not,  she  should  be 
listed  over  while  her  head  is  at  or  near 
north  or  south,  both  to  port  and  to  star- 
board, as  in  some  cases  there  may  be  a 
moderately  large  deviation  from  heeling  as 
the  ship  inclines  in  one  direction,  and  very 
little,  or  even  none,  when  she  is  heeled  the 
opposite  way.  The  trial  should  be  made 
with  head  north,  if  the  ship  was  built  with 
head  northerly,  and  with  head  south,  if 
built  with  head  southerly.  This  precaution 
will  be  most  necessary  when  the  compass  is 
near  the  stern.  The  deviation  from  heel- 
ing on  the  intermediate  points  may  be  ap- 
proximately found  by  multiplying  the  maxi- 
mum deviation  from  heeling  into  the  sine 
of  the  angular  distance  of  the  point  in 
question  from  east  to  west. 

6.  An  approximate  idea  of  the  extent  to 
which  a  ship's  compasses  will  be  affected 
by  heeling,  may  be  obtained  by  dipping- 
needle  and  vibration  experiments,  without 
actually  heeling  or  swinging  a  ship,  by  per- 
sons who  have  acquired  previously  some  ex- 
perience in  these  experiments  and  in  the 
magnetism  of  iron  ships ;  but  until  further 
data  on  this  subject  are  accumulated,  the 
most  satisfactory  course  is  to  swing  every 
new  iron  ship  with  a  list  to  port  and  to  star- 
board, as  well  as  upon  an  even  beam. 

The   foregoing  remarks,  it  must  be  re- 
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menibered,  are  intended  to  apply  to  uncom- 
pensated standard  compasses,  placed  in  the 
ordinary  positions,  and  have  relation  only 
to  the  extra  deviation  which  is  caused  by 
heeling.  Other  results  are  also  possible, 
as,  for  example,  in  ships  without  iron  deck- 
beams.  It  is  also  possible  for  the  deviation 
from  heeling  to  be  in  the  same  direction, 
whether  a  ship  inclines  to  port  or  starboard  ; 
but  in  any  such  case  it  is  believed  that  the 
deviation  from  heeling  in  one  direction,  if 
not  in  both,  must  necessarily  be  very  small 
in  amount ;  so  small  that  it  could  not  prac- 
tically aifect  the  navigation  of  an  iron  ship. 
The  compasses  in  these  experiments,  which 
were  compensated  in  the  usual  manner, 
with  magnets  placed  below  the  level  of  the 
card,  have  shown  comparatively  small  er- 
rors from  heeling. 

A  report  of  deviations  from  heeling  ob- 
served on  board  the  Sharpshooter  was  fur- 
nished to  the  Committee  by  Mr.  Evans,  of 
the  Admiralty  Compass  Department.  This 
vessel  is  reported  to  have  had  no  iron  deck- 
beams  ;  but  nevertheless  the  quadrantal 
deviation  was  comparatively  large  ;  she  is 
regarded,  therefore,  as  affording  an  apt  il- 
lustration of  the  magnetism  of  the  floors 
and  bottom  plates  of  a  ship  being  conduct- 
ed up  the  sides.  This  effect  was  also  very 
apparent  in  experiments  made  on  board  the 
Accrington,  which  experiments  also  induced 
the  belief  that  an  important  proportion  of 
the  resultant  magnetism  is  due  to  the 
Earth's  induction.  The  interesting  and 
important  question  here  arises  :  How  much 
of  a  ship's  polar  compass  deviation  is  due 
to  that  magnetism  which  is,  as  it  were, 
hammered  into  her  while  she  is  being  built, 
and  how  much  to  the  vertical  induction 
from  the  earth  which  belongs  to  tie  ship's 
geographical  position  at  the  time  of  the 
experiment  ? 

Heeling  experiments  may  be  expected  to 
afford  approximate  values  for  the  sub-per- 
manent and  induced  vertical  magnetism  of 
the  several  ships,  but  the  attempt  te  esti- 
mate them  has  not  proved  satisfactory. 
The  formation  of  a  general  rule  in  this  re- 
gard may  be  considered  an  impossibility, 
as  the  conditions  relating  to  any  two  ships 
can  never  be  exactly  alike,  even  though  of 
the  same  size  and  occupying  the  same  posi- 
tion in  the  building  slip.  At  present  the 
only  direct  experiments  before  the  public 
upon  the  changes  which  occur  in  the  ver- 
tical magnetism  of  an  iron  ship  on  change 
of  geographical  position,  are  those  made  by 


Dr.  Scoresby  during  his  voyage  to  Austra- 
lia and  back,  on  board  the  Royal  Charter ; 
but  these  are  regarded  as  unsatisfactory  by 
the  Compass  Committee,  by  whom  they  are 
termed  very  rough  approximations  to  the 
elements  of  the  vertical  magnetism  of  the 
ehip.  It  will  be  necessary  to  make  com- 
plete vertical  and  corresponding  horizontal 
force  experiments  at  several  stations  on 
board  a  ship,  and  with  her  head  as  fre- 
quently as  possible  in  opposite  directions, 
before  anything  like  a  satisfactory  estimate 
of  the  components  of  a  ship's  vertical 
magnetism,  and  the  changes  which  occur 
during  a  sea  voyage,  can  be  obtained. 

At  the  time  the  Compass  Committee  com- 
menced their  inquiry,  doubts  were  frequent- 
ly expressed  by  persons  who  were  thought 
to  be  well-informed  on  the  subject,  as  to  the 
correctness  of  the  reports  made  by  the  cap- 
tains of  some  iron  ships,  of  the  large  deAaa- 
tions  which  they  had  experienced  in  south 
latitudes  ;  and  this  incredulity  was  certain- 
ly encouraged  by  some  interested  compass- 
adjusters,  as  well  as  by  some  ship-owners, 
who  seemed  to  fear  that  iron  ships  would 
thereby  acquire  a  bad  name.  Trustworthy 
evidence  was,  however,  very  soon  produced 
of  |[ie  extent  of  the  deviations  which  arise 
from  the  change  of  geographical  position. 
One  example  will  be  sufficient.  The  steer- 
ing compass  of  a  new  iron  ship,  the  Harvest 
Home,  built  with  her  head  to  the  eastward, 
was  carefully  adjusted  at  Liverpool  before 
she  proceeded  to  the  East  Indies.  On  the 
arrival  of  the  ship  at  Calcutta,  the  captain 
wrote  to  his  owners  as  follows  :  "  My  com- 
pass acted  very  well  until  I  entered  the 
20th  deg.  of  south  latitude,  when  the  bin- 
nacle compass  commenced  to  deviate  con- 
siderably. I  found  the  greatest  amount  of 
deviation  in  39  deg.  south,  and  from  25  deg. 
to  45  deg.  east  longitude,  the  binnacle  com- 
pass then  being  1\  points  out.  Unfortunate- 
ly, I  had  the  standard-compass  broken  to 
pieces  with  a  heavy  sea.  I  afterward  placed 
the  azimuth  compass  on  that  part  of  the 
house  where  no  deviation  exists.  It  has 
ever  since  given  me  entire  satisfaction. 

This  and  similar  records  were  sufficient 
to  show  that  extreme  changes  occurred  in 
high  south  latitude,  and  when  the  ship  was 
on  easterly  and  westerly  courses,  clearly 
proving  that  the  change  was  in  the  fore-and- 
aft  magnetism  of  the  ship,  and  chiefly  due 
to  inductive  magnetism.  The  Committee 
complain,  however,  of  an  almost  total  ab- 
sence of  recorded  azimuths  or  amplitudes, 


MAGNETISM   OF    SHIPS. 


237 


making  many  of  the  logs  very  nearly  worth- 
less for  the  purposes  of  the  investigation. 
The  mode  of  navigating  many  iron  ships 
may  be  described  by  the  following  quotation 
from  the  journal  of  Dr.  Scoresby's  voyage  : 
"  The  captains  of  ships  proceeding  from 
Australia  to  the  eastward  appear  generally 
to  be  guided  in  their  allowances  on  the  dead 
reckoning  by  the  agreement  or  differences 
discovered  from  day  to  day  between  the 
positions  of  the  ship,  derived  from  supposi- 
tious allowances  for  compass  errors,  and  the 
positions  indicated  by  celestial  observations. 
If  they  find  themselves  considerably  to  the 
southward  of  their  reckoning  on  any  partic- 
ular day,  they  allow  more  easterly  variation 
or  deviation  proportionally,  or  the  converse. 
This  practice  while  the  sun  can  be  regularly 
seen,  and  while  the  course  lies  wide  of  any 
land  or  rocks,  does  very  well ;  but  when,  as 
is  not  unfrequently  the  case,  celestial  obser- 
vations may  not  be  attainable  for  days  to- 
gether, or  when  the  ship's  course  may  he 
pretty  nearly  in  the  direction  of  land,  and 
especially  when  a  change  of  wind  may 
oblige  a  change  in  the  course,  and  so,  in  the 
ship's  deviation,  a  reliance  upon  such  in- 
verse processes  may  obviously  prove  not  only 
very  embarrassing,  but  in  heavy  weather, 
with  fog  and  darkness,  not  a  little  hazard- 
ous !  "  All  of  which  may  be  taken  as  gospel 
on  the  subject.  The  advocates  of  this  "in- 
verse process,"  which  scarcely  deserves  the 
name  of  navigation,  have,  no  doubt,  been 
forced  to  adopt  it,  to  some  extent,  through 
the  absence  of  proper  variation  charts. 

Fortunately  a  few  of  the  logs  placed  at  the 
disposal  of  the  Committee  were  very  full  and 
satisfactory,  and  were  chiefly  employed  to 
ascertain  the  proportion  which  exists  in  the 
different  ships  between  the  sub-permanent 
and  inductive  magnetism,  with  a  view  to  the 
practical  application  of  the  results  to  the  per- 
manent correction  of  the  compasses  of  iron 
ships,  and  more  especially  to  the  correction 
of  the  steering  compass  in  its  ordinary  posi- 
tion. Variation  charts  were  found  useful  in 
ascertaining  what  portion  of  the  observed 
compass  error  was  due  to  deviation  and  what 
to  variation,  as  well  as  how  far  the  former  was 
affected  by  heeling — which  would  be  almost 
impossible  by  the  "inverse  process."  The 
Committee  for  this  purpose  strongly  recom- 
mended Mr.  Evans'  Admiralty  Chart  of  the 
World,  which  has  been  quite  recently 
republished  by  our  Government. 

The  theory  upon  which  the  examination 
was  made  is  probably  the  most  simple  that 


could  be  adopted,  and  is  believed  to  be  suf- 
ficiently accurate.  In  fact,  the  results  ob- 
tained will  indicate  of  themselves  the  extent 
to  which  other  considerations  should  be  in- 
troduced. The  theory  is  that  the  deviations 
observed  when  the  ship  is  upon  or  near  to 
the  cardinal  points  of  the  compass  will  give 
very  approximate  values  for  the  ship's  fore- 
and-aft  and  transverse  magnetism ;  that 
where  observations  for  deviation  are  made 
on  several  points  near  to  the  cardinal  points, 
a  curve  drawn  as  nearly  as  possible  through 
a  projection  of  these  deviations  to  the  car- 
dinal point  will  satisfactorily  represent  an 
observation  taken  on  the  cardinal  point ; 
that  the  deviation  observed  will  be  partly 
due  to  permanent  and  partly  to  induced 
magnetism ;  that  the  part  due  to  the  former 
will  vary  in  the  inverse  ratio  of  the  earth's 
horizontal  force  at  the  places  of  observation, 
and  that  the  part  due  to  the  latter  will  vary 
as  the  tangent  of  the  corresponding  dip. 

It  will  be  instructive  here  to  note  a  few 
of  the  leading  points  of  these  logs,  and  the 
deductions  of  the  Committee  regarding 
compensation  of  the  compasses,  where 
such  deductions  have  been  made. 

The  Advance,  an  iron  ship  of  about  600 
tons  register,  was  built  in  Liverpool,  with 
her  head  a  few  degrees  to  the  south  of  east. 
Her  steering  and  standard-compasses  were 
both  compensated ;  but,  after  she  had  been 
at  sea  a  few  days,  her  commander,  observ- 
ing that  the  compasses  did  not  agree  with 
each  other,  removed  the  magnets  altoge- 
ther from  the  standard-compass,  but  did 
not  interfere  with  the  compensation  of  the 
steering  compass.  In  south  magnetic  lati- 
tude the  difference  between  the  compasses 
increased,  until  it  was  sometimes  four  or 
five  points,  and  on  one  occasion,  in  62  deg. 
south  dip,  a  difference  of  about  eight  points 
was  recorded.  The  standard-compass  du- 
ring the  voyage  showed  only  a  very  small 
change  in  the  ship's  fore-and-aft  magnet- 
ism. The  deviations  from  the  transverse 
magnetism  varied  from  7  deg.  to  26  deg., 
nearly  the  whole  due  to  permanent  magnet- 
ism. Had  a  transverse  magnet  been  ap- 
plied to  this  compass  at  Liverpool,  suffi- 
cient to  have  produced  a  minus  deviation 
of  20  deg.,  it  would  have  been  slightly 
under-compensated  during  the  first  part  of 
the  outward  voyage,  and,  through  a  reduc- 
tion in  the  ship's  transverse  magnetism, 
would  have  been  slightly  over-compensated 
on  the  homeward  voyage,  and  the  maxi- 
mum polar  deviation  would  probably  never 
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have  exceeded  half  a  point.  The  standard 
compass  on  the  second  voyage  of  this  ship 
was  placed  farther  forward,  so  as  to  be  be- 
tween the  mizzen  and  main  masts,  and  im- 
mediately over  the  break  of  the  poop, 
about  47  ft.  from  the  rudder  head,  and 
above  an  iron  bulkhead.  It  was  7  ft.  4  in. 
above  the  poop  deck,  and  11  ft.  2  in.  above 
the  main  deck ;  a  position  in  which  the  de- 
viations were  found  to  be  very  small.  The 
magnets  at  the  steering  compass  were  not 
moved.  Whether  they  had  decreased  in 
power,  as  seems  probable,  is  not  known,  nor 
whether  there  was  any  deviation  observed 
in  port. 

Before  the  Advance  made  her  third  voy- 
age, an  upright  bar  of  iron,  about  8  ft. 
long,  2 1  in.  wide,  and  1  in.  thick,  was  fixed 
at  the  back  of  the  cabin  and  before  the 
compass.  It  was  found  too  weak  for  the 
purpose  intended,  and  the  fore-and-aft 
magnets  had  to  be  shifted  a  little  further 
from  the  compass.  On  her  return  to  Liv- 
erpool she  lay  in  dock  with  her  head  to  the 
north,  so  that  there  was  no  opportunity  of 
obtaining  the  fore-and-aft  error  of  this 
compass ;  but  the  fore-and-aft  magnets 
were  taken  on  shore,  and  placed  in  the  same 
relative  position  as  when  on  board,  with  a 
trial  compass,  when  they  were  found  to 
produce  an  error  of  10  deg.  There  seems 
little  doubt  that  a  vertical  bar  of  soft  iron 
introduced  before  this  compass,  so  as  to 
produce  at  Liverpool  a  deviation  toward  the 
ship's  head  of  15  deg.  45  min.,  and  a  per- 
manent magnet  placed  on  the  deck,  with 
the  north  pole  toward  the  bow,  so  as  to 
neutralize  the  deviation  caused  by  the  bar, 
would  satisfactorily  correct  this  compass  for 
all  latitudes.  It  should  be  stated  that  on 
the  last  two  voyages  the  advance  had  on 
board  considerable  iron  as  cargo.  The  sea 
errors  of  her  standard  compass,  however, 
were  so  small  as  scarcely  to  require  any 
attempt  at  artificial  correction.  A  trans- 
verse magnet  with  its  north  end  to  star- 
board, sufficient  to  produce  at  Liverpool  a 
deviation  of  7  deg.,  would  certainly  be  suffi- 
cient for  all  practical  purposes.  The  resid- 
ual errors  and  the  errors  from  dealing 
would  then  be  too  small  to  give  the  naviga- 
tor any  anxiety,  when  unable  for  a  day  or 
two  to  make  any  observations  for  the  cor- 
rection of  the  compass. 

The  Astrsea,  a  three-masted  schooner  of 
about  400  tons,  was  built  on  the  Clyde 
with  her  head  to  the  west  of  south.  Her 
first  voyage  was  to  the  West  Indies,  and 


she  has  since  made  several  voyages  to  the 
island  of  Mauritius  and  to  Calcutta.  Her 
captain,  at  the  request  of  the  Compass 
Committee,  repeatedly  swung  his  ship  at 
sea,  and  the  details  furnished  by  him  pre- 
sent one  of  the  most  complete  records  re- 
ceived of  the  changes  which  occur  in  the 
magnetism  of  iron  ships.  Her  steering 
compass  is  placed  over  the  cabin  skylight. 
According  to  the  deviation  table  given  by 
the  compass-adjuster  before  leaving  the 
Clyde,  the  steering  compass  had  a  deviation 
of  21  deg.  west  when  the  ship's  head  was 
east,  and  no  error  with  her  head  at  west. 
The  attraction  to  port  was  rather  over-com- 
pensated by  a  transverse  magnet,  the  table 
showing  no  error  with  the  ship's  head 
north,  and  with  the  ship's  head  south  a  de- 
viation of  4  deg.  west.  As  the  deviations 
on  the  card  are  all  westerly,  there  is  evi- 
dently an  index  error  of  some  sort.  After 
allowing  for  this,  the  resultant  attraction  to 
starboard  may  be  taken  at  1  deg.  When 
examined  in  Liverpool,  after  her  return 
from  the  West  Indies,  it  was  about  15^ 
deg.,  showing  a  considerable  reduction  in 
the  ship's  magnetism.  On  removing  the 
transverse  magnet,  the  attraction  to  star- 
board was  8-^-  deg.  Supposing  the  magnet 
to  have  retained  its  power,  the  original  at- 
traction to  starboard  will  be  represented  by 
a  deviation  of  about  23  deg.  There  was 
also  found  an  attraction  toward  the  head  of 
84.  deg.,  indicating  a  reduction  of  the  same 
extent  in  the  ship's  fore-and-aft  magnetism. 
On  her  return  from  Mauritius,  the  deviation 
toward  the  bow  had  increased  to  11  deg. 
The  deviations  of  this  compass  rapidly  in- 
creased as  the  ship  went  south,  especially 
when  her  head  was  east  or  west ;  and  the 
captain,  observing  that  the  magnet  caused 
an  increase  of  deviation  on  some  other 
courses,  removed  it  from  the  compass 
altogether.  Besides  the  steering  com- 
pass, there  was  a  standard-compass, 
placed  near  the  mizzen  mast,  but  it  does 
not  appear  to  have  acted  well.  The  devia- 
tions of  the  standard-compass  are  reported 
to  have  been  frequently  of  the  opposite 
name  to  those  of  the  steering-compass,  so 
that  in  the  southern  hemisphere  there  was 
sometimes  a  difference  of  several  points  be- 
tween them  ;  thus,  on  one  occasion  a  differ- 
ence of  8i  points  is  recorded,  and  seven 
days  later  a  difference  of  10  points.  Ex- 
periments made  on  board  this  vessel  fully 
confirm  the  assertion  which  has  been  so 
frequently  made    by    the    commanders    of 
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other  iron  ships,  that  in  certain  places  and 
positions  of  the  ship  the  steering  compass 
has  been  found  to  be  entirely  destitute  of 
directive  power.  This  would,  of  course, 
occur  when  the  ship's  force  and  earth's 
force  were  nearly  the  same,  and  acting  in 
opposite  directions. 

These  instances  are  sufficient  for  our 
present  purpose.  It  was  made  evident  from 
these  and  other  experiments  that  a  portion 
of  the  ship's  changing  magnetism  does  not 
change  immediately  on  change  of  magnetic 
latitude,  or  that  a  portion  of  the  magnetism 
treated  as  permanent  is  only  so  under  cer- 
tain conditions.  The  fluctuations  in  the 
value  of  the  more  permanent  part  of  the 
magnetism  of  the  Advance  are  smaller  than 
in  the  Astreea,  even  when,  in  the  latter 
ship,  only  the  observations  made  in  the 
southern  hemisphere  are  compared  with 
those  made  in  Liverpool ;  but  in  both  cases 
the  fluctuations  are  within  limits  which 
make  compensation  by  fixed  magnets  and 
an  ordinary  bar  of  vertical  iron  in  all  prob- 
ability practically  efficient.  If  the  vertical 
bar  proposed  to  be  placed  before  the  com- 
pass descended  to  the  keel,  and  formed  part 
of  the  structure  of  the  ship,  it  seems  pretty 
certain  that  the  changes  in  its  magnetism 
would  correspond  so  closely  with  the  changes 
occurring  in  the  stern-post  and  other  iron 
aft  of  the  steering  compass,  that  the  fluctu- 
ations alluded  to  would  altogether  disap- 
pear. There  are  reasons  for  supposing  that 
these  fluctuations  attain  their  maximum 
in  ships  built  head  to  the  south. 

The  examination  of  a  great  many  logs 
tended  to  convince  the  Committee  that  a 
large  proportion  of  the  errors  of  the  steering 
compass  was  due  to  vertical  induction,  and 
that  they  could  be  in  great  measure  com- 
pensated by  the  vertical  bar  placed  imme- 
diately before  the  binnacle.  Repeated 
experiments  confirmed  this  conviction.  In 
no  instance  has  the  effect  of  the  iron  bar 
been  in  excess  ;  on  the  contrary,  it  has  been 
found  that  either  a  large  bar,  or  the  placing 
of  the  compass  nearer  to  the  bar,  would 
have  been  an  improvement.  If  the  bar 
were  fixed  while  the  vessel  was  building,  so 
as  to  be  subject  to  the  same  concussions  as 
the  stern-post,  etc.,  the  compensation  may 
be  expected  to  be  more  perfect. 

Experiments  made  by  the  Committee  on 
the  compensation  of  that  portion  of  the 
magnetism  of  iron  ships  which  produces 
quadrantal  deviation,  led  to  the  following, 
among  numerous  conclusions : 


1.  Quadrantal  deviation  may  be  large  in 
amount  in  a  small  ship,  and  small  in  a  large 
ship,  and  the  reverse. 

'Z.  Generally,  it  is  larger  in  amount  in 
the  middle  of  a  large  ship  than  in  positions 
nearer  to  the  ends. 

3.  It  decreases  rapidly  as  the  compass  is 
raised  above  the  deck,  and  at  a  certain 
height  above  it  may  change  from  plus  to 
minus. 

4.  In  the  usual  positions  for  a  compass 
the  quadrantal  deviation  is  almost  invari- 
ably plus,  but  it  may  be  minus  in  a  com- 
pass placed  over  a  hatchway  or  skylight,  or 
on  the  bridge  between  the  paddles  of  a 
paddle-wheel  steamer,  or,  as  before  stated, 
at  some  height  above  the  deck,  as  on  a 
mast. 

The  Committee,  however,  do  not  profess 
to  give  any  explanation  why  the  quadrantal 
deviation  is  so  much  greater  in  some  ships 
than  in  others,  or  why  it  should  be  so  much 
greater  in  some  quadrants  of  the  compass 
than  in  the  adjacent  ones  in  the  same  ves- 
sel. 

The  Committee  also  briefly  discuss  the 
relative  qualities  of  cast  and  wrought  iron, 
and  finally  come  to  the  conclusion  that 
"  undoubtedly  the  best  practical  corrective 
for  errors  of  the  compass  of  all  kinds  is  to 
be  found  in  a  competent  and  careful  cap- 
tain." 


At  the  present  time,  there  are  800  Pullman 
palace  cars  arriving  at  and  departing 
from  Chicago  every  day.  The  amount  of 
money  expended  in  their  manufacture 
ranges  from  about  $10,000  to  §30,000  for 
each  car,  the  average  cost  being  about 
$16,500.  The  amount  of  capital,  therefore, 
invested  in  the  Pullman  cars  which  accom- 
modate the  business  of  Chicago,  amounts 
to  about  $1,300,000.  It  is  reported  that  the 
company  has  purchased  a  large  piece  of 
ground  somewhere  in  the  suburbs  of  the 
city,  on  which  they  will  shortly  erect  large 
shops  for  the  manufacture  of  their  cars. 


w 


ore  was  commenced  on  the  Hoosic 
Tunnel  December  2,  1868.  The  total 
cost,  according  to  contract,  is  to  be  $4,600- 
000.  The  average  progress  made  per  month 
is  385  ft.;  8,528  ft.  have  been  excavated, 
leaving  7,165  yet  to  bore.  The  State  has 
been  offered  $240,000  a  year  for  the  use  of 
the  road. 
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THE   COAL  MINES  OF  SWEDEN. 

From  "  Engineering." 


The  following  translation,  from  the  Swe- 
dish, by  Mr.  C.  P.  Sandberg,  is  from  a  letter 
recently  addressed  to  the  "Aftonbladet,"  by 
Mr.  S.  Nilsjon,  the  celebrated  Professor  of 
Natural  History  and  Archaeology,  upon  the 
important  subject  of  the  recently  discovered 
coal  deposits  of  Skane. 

Professor  Nilsjon  says  : — The  reason  why 
I  have,  for  so  long  a  time,  taken  an  anima- 
ted part  in  everything  concerning  the  Ska- 
nian  coal  fields,  is  not  entirely  due  to  a 
scientific  interest  in  the  investigation  of  the 
numerous  and,  in  a  geological  sense,  re- 
markable strata  containing  petrifications, 
which  occur  in  this  province,  but  also  and 
particularly  because  I  consider  the  existence 
of  coal  in  Skane  may  avert  the  danger  now 
threatening  some  districts  of  the  province, 
which  may  be  rendered  all  but  inhabitable 
at  a  not  so  very  distant  period.  The  peat 
bogs  in  many  places  are  nearly  exhausted  ; 
the  forests  are  yearly  decreasing ;  foreign 
coal  is  continually  rising  in  price  ;  and  our 
forest  laws  permit  Danes  and  other  foreign- 
ers here  to  buy  up  large  and  small  timber, 
and  immediately  to  fell  and  export  it,  so 
that  where  the  traveller  in  Skane,  a  few 
years  ago,  journeyed  through  dense  forests, 
there  remain  at  present  nothing  but  the 
stumps  ;  all  the  wood  has  been  transported 
across  the  Sound. 

Such  destruction  of  forests  and  carrying 
away  of  their  produce  from  the  country  is 
prohibited  in  Denmark,  and  I  do  not  know 
whether  it  is  permitted  in  any  other  civilized 
country  but  this.  If  the  existing  state  of 
things  is  to  continue,  it  will  not  be  difficult 
to  comprehend  that  in  a  few  generations  at 
the  longest,  there  will  arise  a  great  dearth  of 
fuel  in  various  parts  of  this  populous  pro- 
vince, unless  a  sufficiency  of  native  coal  can 
be  found  to  compensate  for  the  exhausted 
peat  bogs  and  the  forests  so  carelessly  de- 
stroyed. It  is  on  this  account  that  I,  for  my 
part,  consider  the  investigation  now  being 
carried  on  for  the  discovery  of  coal,  and 
which  is  said  to  be  organized  on  a  new  and 
excellent  method  which  reflects  great  credit 
on  the  administration,  to  be  of  the  greatest 
importance,  for  this  province  in  particular, 
and  for  the  whole  of  our  common  country  in 
general. 

I  consider  myself,  in  consequence,  called 
upon  to  make  a  short  statement  of  what  is 


within  my  knowledge  concerning  the  extent 
of  the  Skanian  coal  fields,  and  the  forma- 
tions of  rock  that  are  related  to  the  coal- 
bearing  strata. 

The  first  of  the  formations  belonging  to 
this  class  is  the  lias-sandstone,  which  crops 
up  in  different  shapes  at  various  places 
within  the  province.  I  will  mention,  to 
begin  with,  the  sandstone  appearing  at 
Hbor. 

In  the  year  1819  I  happened  for  the  first 
time  to  discover  at  this  place  some  curious 
impressions  of  plants,  which  experts  consid- 
ered to  have  been  the  growth  of  a  tropical 
climate.  I  made  annual  excursions  to  this 
spot,  and  found  there,  as  well  as  in  the  clay 
schist  from  the  coal  mine  at  Hoganas,  many 
fresh  forms  of  vegetable  growth.  These 
were  described  and  delineated  in  the  "Trans- 
actions of  the  Academy  of  Sciences,"  and  by 
that  means  became  known  in  foreign  coun- 
tries. 

In  the  year  1824  there  arrived  at  Lund 
the  Professors  Brougniart,  father  and  son, 
from  Paris,  the  former  a  mineralogist  and 
geologist,  the  latter  a  botanist.  They  were 
met  here  by  Professor  Berzelius,  from  Stock- 
holm. After  having  inspected  the  collec- 
tions here  in  Lund,  and  the  younger  Broug- 
niart having  copied  several  fossil  plants,  we 
proceeded  to  Hoor,  where  all  the  cuttings  in 
the  rocks  were  searched,  and  some  objects 
of  interest  obtained.  Afterwards  we  went 
down  the  country  to  Cimbrishamn,  where  a 
remarkable  piece  of  sandstone  was  investi- 
gated. Everywhere  the  formations  of  rock 
encountered  Avere  defined  by  the  elder 
Brougniart,  according  to  the  system  which 
he  published  a  few  years  afterwards  in  his 
work,  "Tableau  de  Terrians,  etc.,"  Paris, 
1829.  Afterwards  we  returned  to  Lund,  and 
thence  to  Hoganas,  where  the  coal-bearing 
strata  and  the  schist,  with  impressions  of 
vegetable  forms,  were  examined.  In  refer- 
ence to  this  journey,  the  younger  Mr.  Broug- 
niart published  during  the  same  year  his 
"  Observations  sur  les  vegeteaux  fossiles  dans 
les  gres  de  Hobr,"  and  he  afterwards  includ- 
ed this  treatise  in  his  "Prodrome  d'une 
histoire  des  vegeteaux  fossiles  (1828)." 

Two  years  subsequently,  the  administra- 
tion of  Hoganas  colliery,  sitting  in  Stock- 
holm, resolved,  on  a  proposal  to  that  effect, 
brought  forward  by  the  then  Councillor  of 
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State,  Count  B.  B.  von  Platen,  to  engage  an 
English  mining  engineer,  in  order  to  furnish 
the  administration  with  information  as  to 
the  Skanian  coals.  Mr.  Robert  Bald,  being 
applied  to,  undertook  to  come  here,  and 
when  it  then  became  a  question  who  would 
be  willing  to  accompany  Mr.  Bald  on  his 
tour  of  investigation  through  the  province, 
I  was  proposed  for  this  office  by  Berzelius, 
and  met  Mr.  Bald  by  appointment  at  the 
estate  of  Sabyholm,  belonging  to  the  Gen- 
eral-Baron Cederstrom,  where  Count  Platen 
and  others  had  already  arrived.  At  Hel- 
singborg,  Mr.  Bald  and  Mr.  D.,  of  Uhr, 
joined,  and  thence  we  proceeded  to  Hoganas, 
where  Mr.  Bald  descended  into  the  mine 
and  investigated  the  circumstances  in  all 
their  bearings.  I  think  I  remember  that  in 
a  shaft  which  was  opened,  the  bed  rock  had 
been  reached,  and  I  obtained  a  piece  of  it 
with  galena,  exactly  like  that  at  Grladoax.  In 
the  bay  off  Jonstorp  I  also  saw,  at  low  water, 
a  rock  formation  which  appeared  to  me  to 
be  primeval. 

After  Hoganas  we  visited  Helsingborg, 
where  coal  had  been  dredged  out  of  the  sea, 
to  the  north  of  the  town.  Thence  we  pro- 
ceeded to  Kropp,  Paus,  Morarp,  Bjuf,  Bo- 
sarp,  Billesholm,  Wallakra.  At  all  these 
places  small  quantities  of  coal  had  been  got 
at,  or  some  coal  mine,  formerly  worked,  had 
been  closed  up,  as  for  instance  at  Bosarp, 
where  poor  women  went  about  picking  up 
bits  of  coal.  I  remember  seeing  scattered 
pieces  of  the  fire-clay,  as  well  as  of  a  liver-col- 
ored, iron  mixed  clay  (thoneisenstein),  which 
had  been  dug  up  along  with  the  coal.  We 
also  visited  Hoor  and  the  country  round 
about,  and  subsequently  paid  a  visit  to  the 
Ifsjo  Lake,  where  we  examined  the  peculiar 
chalk  formation  of  the  whole  of  this  neigh- 
borhood, consisting  solely  of  more  or  less 
broken  shells,  mussels,  and  corals,  which 
had  lived  in  numbers  of  millions  of  millions 
in  the  sea  covering  this  district  in  remote 
ages  past.  Sometimes  bones  were  found  of 
vertebrate  animals,  in  particular  of  fishes 
and  gigantic  aruphibiee,  such  as  the  Mosa- 
saurus,  and,  as  I  have  reason  to  believe, 
likewise  the  Plesiosaurus. 

We  then  moved  more  towards  the  south. 
In  the  southern  portion  of  Pars  hundred, 
there  is  a  breeding  farm  called  Tagra,  be- 
longing to  one  of  the  Counts  Piper.  Below 
the  farm-yard  there  is  a  morass,  with  a  pret- 
ty large  sheet  of  open  water,  in  which  jets 
of  spring  water  are  seen  to  bubble  up.  This 
pond  is  remarkable  by  reason  of  two  rivu- 
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lets  issuing  from  the  same,  one  towards  the 
south  giving  rise  to  the  Allevad  river,  Avhich 
forms  the  boundary  between  the  hun- 
dreds of  Ingelsta  and  Herresta,  and  dis- 
charges itself  into  the  Baltic,  below  Kopinge; 
the  other  rivulet  runs  westward,  and  forms 
one  of  the  sources  of  the  considerable  river 
which  courses  between  the  hundreds  of  Pars 
and  Torna,  and  finally  empties  its  waters 
into  the  Sound,  below  Loddekopinge.  The 
Tagra  morass  consequently  lies  on  the  sum- 
mit of  the  land  in  this  part  of  the  province. 
The  water  is  remarkable  on  account  of  the 
excessive  quantity  of  chalk  which  it  contains 
in  solution,  and  which  makes  deposits  on 
the  reeds  or  stems  of  grass  which  grow 
in  the  pond.  Any  rushes  or  other  objects 
which  may  have  been  thrown  into  it  will  be 
covered  by  a  thick  incrustation  of  chalk. 
Down  towards  the  valley  of  the  Allevad 
river  there  are  to  be  found  mighty  layers  of 
such  tufa-chalk,  and  if  my  memory  serves 
me  right,  the  Benesta  church  is  built  of  this 
material.  I  also  remember  having  collected, 
when  a  student,  pieces  of  tufa  with  many 
impressions  of  plants  (probably  from  this 
place)  among  the  ruins  of  one  of  the  monastic 
churches  at  Lund. 

At  Pamsasa  there  is  a  kind  of  sandstone 
which,  although  not  quite  sure,  I  consider 
to  be  closely  allied  to  the  lias.  One  kind  of 
sandstone  in  that  neighborhood  is  cut  into 
convenient  shapes  and  sold  as  whetting- 
stones,  just  like  the  sandstone  north  of 
Helsingborg,  which  it  resembles,  and  which 
appears  to  nie  to  belong  to  the  coal  forma- 
tion. Purther  down,  in  the  western  river 
side,  at  the  Svenstorp  Mill,  is  a  layer  of 
chalk  formation,  which  a  geologist,  since 
dead,  considered  to  be  molass,  but  which  in 
reality,  as  before  stated,  belongs  to  the  chalk 
formation.  Still  further  down,  at  the  Mill 
of  Kopinge,  there  appears  a  thick  layer  of 
gravel  and  sand,  in  which  is  often  to  be 
found  whole  specimens,  though  without  the 
shell,  of  the  gigantic  conch  Ammonites 
Stobeei,  which  is  described  and  delineated 
in  "  Petrificata  Suecana,"  and  of  which 
specimens  sometimes  are  found  5  ft.  and 
more  in  circumference.  To  the  same  forma- 
tion belongs  likewise  a  kind  of  hard  sand- 
stone found  at  this  place,  in  which  have  been 
discovered  fragments  of  amphibious  animals 
described  in  the  "Transactions  of  the  Society 
of  Science."  Prom  here  we  proceeded  down 
to  the  sea  coast  to  the  foot  of  Kaseberga 
Hills,  where  I  was  told  coal  had  been  found. 
Arrived  at  the  shore,  where  these  immense 


242 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


sand-hills  terminate  abruptly,  we  discovered 
on  the  margin  of  the  sea  pieces  of  coal  strewn 
about,  which  at  the  first  glance  Mr.  Bald 
thought  were  English,  and  the  remnants  of 
some  coal-laden  vessel  which  had  perished 
on  the  coast ;  but  a  blacksmith  who  lived  in 
the  neighborhood,  and  came  down  to  us, 
related  that  he  had  for  many  years  worked 
his  forge  with  coals  which  he  had  at  this 
place  fished  up  from  the  bottom  of  the  sea, 
and  that  at  low  water  he  could  see  the  coal 
bed  ;  he  also  assured  us  that  he  had  follow- 
ed this  bed,  extending  below  the  surface  of 
the  sea,  underneath  the  sand-hill. 

It  is  evident  that  the  coal  formation  of 
Bornholm  is  a  continuance  of  the  Skanian  ; 
it  runs  in  the  same  direction,  with  similar 
and  in  the  same  manner  accompanying 
strata  of  sandstone,  clay,  iron-clay,  as  with 
us.  It  wofdd  appear  to  me  very  strange, 
therefore,  if  the  said  formation  should  be 
interrupted  here  in  Skane  on  so  long  a 
stretch  as  seems  to  be  supposed,  and  then 
reappear  again  in  the  same  direction  on  an 
island  in  the  sea.  If  I  am  not  mistaken,  it 
was  only  a  short  time  ago  the  opinion  pre- 
vailed that  the  coal-field  of  Skane  was  limit- 
ed within  Luggude  hundred.  It  has  been 
found,  subsequently,  that  this  field  extends 
as  far  down  as  Eslof  in  the  hundred  of 
Harjagar,  and  I  cannot  see  any  reason  why 
it  should  not  extend  still  further  south. 

True  it  is  there  are  present  sundry  silurian 
and  other  ancient  rock  formations,  but  at  no 
place  do  they  occupy  the  whole  width  of  the 
main  run,  so  that  they  could  prevent  the  coal 
formation  from  reaching  on  past  them.  But, 
as  before  remarked,  where  coal  seams  exist 
in  these  parts,  they  are  most  probably  cov- 
ered by  immense  layers  of  alluvial  and  di- 
luvial deposits  as  well  as  with  chalk,  and 
are  therefore  difficult  to  discover. 

For  my  own  part,  I  consider  it  to  be  most 
probable,  whether  the  coal  bed  indicated  by 


the  blacksmith  of  Iviiseberga  exists  or  not, 
that  our  Skanian  coal  formation,  which  to 
the  north  of  Helsingborg  reaches  out  into 
the  Cattegat,  and  to  the  east  of  Ystad  seems 
to  lose  itself  in  the  Baltic,  has  been  created 
in  remote  ages  past  in  an  immense  flood  or 
other  inundation  of  water,  which  passed  over 
the  whole  of  Skane,  south  of  the  southern 
ridge,  with  extensions  in  some  places,  and, 
more  or  less  deep,  basin-shaped  ponds  in 
others. 

All  at  present  known  of  the  Skanian  coal 
formation  belongs  to  the  lias  period. 

There  exists,  however,  in  England  exactly 
the  same  kind  of  lias  coal  as  the  Skanian, 
which  we  know  at  present. 

In  the  year  1836,  when  I  was  in  London 
for  the  first  time,  and  one  evening  returning 
home  to  my  lodging  from  the  Geological 
Society,  I  happened  to  enter  a  narrow  street 
where  a  dealer  in  minerals  had  exposed 
outside  his  shop,  a  lot  of  stones  with  labels 
affixed.  On  looking  at  them  I  found  on  the 
stones  fossil  impression  of  plants,  and  on 
the  labels  some  of  the  names  which  I  had 
given  to  the  Skanian  plant-impressions.  I 
at  once  purchased  the  whole  collection,  and 
I  have  it  still.  On  arrival  home,  I  found 
that  all  the  fossil  plants  were  the  same  with 
those  which  had  been  discovered  at  Hoor 
and  Hog*nas.  On  the  labels  is  printed  the 
name  of  Scarborough.  At  Whitby,  also, 
there  is  said  to  be  a  mine  of  similar  coal. 

It  might  have  been  these  which  Mr.  Bald 
referred  to  in  speaking  of  his  splint  coal  in 
Scotland,  for  Scarborough  is  situated  on  the 
east  coast  of  England,  a  good  bit  to  the 
south  of  the  Scottish  border. 

The  Skanian  mine  of  Stubbarp,  near  Es- 
lop,  I  only  know  by  this,  that  the  schist  clay 
at  that  place  is  the  richest  in  fossil  plants 
which  I  have  met  with  hitherto.  It  will  no 
doubt  be  interesting  to  know,  at  some  fu- 
ture time,  if  it  is  equally  rich  in  coal. 


CONCERNING  RAILWAY  AXLES. 

By  JAMES  A.  WHITXEY. 
From  "  The  Railway  Times." 


A  heavy  percentage  of  railway  accidents 
comes  from  defective  axles,  these  parts, 
with  tenders  especially,  being  subjected  to 
greater  stress  than  any  other  portion  of  the 
rolling  stock.  Not  infrequently  the  remote 
cause  of  disaster  lies  in  the  cheap  and,  con- 
sequently,  poor   quality    of  the    iron    em- 


ployed ;  sometimes  in  a  mechanical  defect, 
which,  like  a  sharply  turned  shoulder  at  the 
wheel  bearing,  seems  only  a  little  thing,  but 
is  in  reality  a  great  one ;  and  sometimes  in 
a  change,  gradual,  and  imperfectly  under- 
stood, which  takes  place  in  the  molecular 
constitution  of  the  metal,  from  the  continued 
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concussion  to  which  it  is  subjected  under 
heavily  laden  cars.  It  is  undeniable  that 
proper  selection  of  material,  care  in  manu- 
facture, and  thorough  testing  would  largely 
diminish  the  number  of  casualties  from  this 
source,  but  these  essentials  can  only  be  se- 
cured in  a  high  degree  at  a  greater  cost 
than  "  most  manufacturers  «are  willing  to 
hazard.  Furthermore,  the  thorough  test- 
ing, so-called,  of  axles,  as  at  present  carried 
on,  comprises  only  comparatively  crude  me- 
chanical means,  whereas  the  object  sought 
can  only  be  fully  attained  by  scientific 
methods,  as  yet  for  the  most  part  only  sug- 
gested, and  even  when  practically  applied, 
in  the  majority  of  cases  merely  attempted  as 
experiments.  The  duty  of  testing  the  fin- 
ished axle  belongs  to  the  railway  company 
for  whose  profit  the  cars  are  run,  and  who 
are  directly  responsible  to  the  public  for  the 
safety  of  passengers  and  freight.  How 
railroad  managers  can  be  deceived,  if  care- 
less ;  or  how  they  can  deceive  the  public,  if 
culpably  economical,  was  shown  by  the  ex- 
perience, some  two  years  since,  of  the 
Mobile  and  Ohio  Railroad  Company,  on  the 
adoption  of  an  effective,  but  somewhat  ex- 
pensive, plan  of  testing  the  axles  furnished 
to  their  line.  This  comprised  making  each 
axle  in  the  first  place  long  enough  to  per- 
mit the  removal  of  test  pieces  from  the 
ends,  which  were  subjected  to  severe  trial, 
to  afford  presumptive  proof  of  the  condition 
of  the  whole.  This  resulted  in  the  return 
to  the  manufacturers  of  three-fourths  of  the 
axles  furnished.  On  the  other  hand,  that 
good  axles  can  be  made  is  shown  with  equal 
definiteness  by  tests  made  last  year  with 
axles  of  Bessemer  steel,  under  the  direction 
of  the  Engineering  Department  of  the 
Pennsylvania  Railway  Company.  These 
axles  had  a  diameter  of  4-f*g-  in.,  and  the 
standard  of  trial  was  that  ordinarily  adopted 
by  the  company,  five  successive  blows  from 
a  drop  weighing  1,640  lbs.  and  falling  20 
ft.  The  results  showed  a  resistance  in  some 
of  the  axles  to  the  breaking  force  Ty^ths 
greater  than  the  common  standard,  while 
the  weakest  of  the  six  experimented  upon 
was  3 1  times  the  standard.  The  axles  were 
reversed  at  each  stroke,  and  the  test  was 
certainly  a  severe  one.  But  there  is  prob- 
ably a  great  difference  between  the  effect 
produced  by  a  small  number  of  heavy  blows, 
and  that  insured  by  an  almost  infinite  suc- 
cession of  concussions.  An  illustration  of 
this  general  truth  concerning  the  deteriora- 
tion of  metals  under  jar  was  shown  quite 


a  number  of  years  ago,  in  experiments  with 
a  machine  for  forging  nails,  in  which 
the  hammers  were  attached  to  metallic 
helves.  No  matter  how  strong  originally, 
or  how  capable  of  resisting  forcible  and 
sudden  strain  applied  for  a  limited  time,  the 
comparatively  light,  but  rapidly  succeeding, 
taps  upon  the  hot  nail  rod  destroyed  the 
integrity  alike  of  steel  and  fibrous  iron,  and 
the  machines  were  finally  given  up  for  this 
reason.  On  a  larger  scale,  this  is  what  hap- 
pens when  a  railway  axle  is  kept  in  use  for  a 
long  time,  and  for  it  there  seems  to  be  no 
remedy  except  to  condemn  every  axle,  even 
when  made  with  every  guaranty  of  approxi- 
mate perfection,  after  it  has  run  a  certain 
number  of  miles.  But  when  the  constitu- 
tion of  steel  and  fibrous  iron  are  compared, 
there  seems  good  reason  to  believe  that  the 
latter  when  of  first  quality,  and  wrought 
into  shape  in  such  wise  as  to  avoid  detri- 
ment to  its  natural  or  inherent  strength, 
will  be  found  practically  superior,  for  the 
price,  to  Bessemer  metal.  But  to  effect  this, 
some  changes  in  the  method  of  manufacture 
must  be  adopted  which  will  be  really  radi- 
cal in  character,  and  to  many  apparently 
impracticable. 

The  ideal  axle  would  have  its  metal  as 
dense  as  possible,  and  hence  would  be 
shaped  mainly  by  hammering.  Its  fibres 
would  run  unbroken  throughout  its  length, 
and  the  tough  outer  skin  which,  in  wrought, 
as  in  cast  iron,  is  much  stronger  than  that 
within,  would  be  preserved  in  its  integrity, 
and  to  secure  these  conditions,  the  usual 
turning  off  of  the  surface  would  in  some 
way  be  avoided.  It  has  been  reports  in 
foreign  technical  journals  that  axles  have 
been  rolled  complete,  and  when  it  is  remem- 
bered that  cold  rolled  shafting  is  now  made  ■ 
that  varies  but  little  from  the  requisite 
form,  the  problem  of  thus  perfectly  shaping 
so  simple  a  thing  as  an  axle  would  certain- 
ly appear  to  be  within  reach  of  the  inven- 
tive and  mechanical  genius  of  the  time. 
But  the  rolling  proces's  should  be  confined 
to  finishing  the  axle,  its  shaping  being 
mainly  done  by  the  hammer.  It  is,  of 
course,  to  be  admitted  that  trials  of  both 
rolled  and  hammered  axles  have  led  to  di- 
rectly opposite  conclusions  as  to  their  value 
among  experienced  engineers,  but  the  well- 
known  difference  between  the  compressing 
action  of  rolls  and  the  condensing  action  of 
hammers  points  to  the  superiority  of  the 
latter  for  the  heavy  work,  while  to  the 
former  should  be  relegated  the  finer  opera  • 
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tions  which  should  give  the  symmetry  of 
surface  and  accuracy  of  fit  ordinarily  derived 
from  the  contact  of  the  lathe  tool.  There 
would  further  be  the  advantage  in  the  uni- 
versal adoption  of  this  mode  of  fabrication, 
that  it  would  be  difficult  to  give  the  sharp 
corner  at  the  inner  end  of  the  wheel  bear- 
ing, which  constitutes  one  of  the  most  pro- 
lific sources  of  evil  in  the  working  of  car- 
axles. 

But  this  practice  of  making  sharp  corners, 
aforesaid,  is  not  only  one  of  the  most  fruit- 
ful of  danger,  but  one  of  the  most  foolish 
that  practical  men  have  ever  systematically 
committed  in  the  construction  of  machinery. 
It  is  thirty  years  or  more,  since  Rankin 
found  and  published  the  discovery,  that  at 
such  a  corner  an  annular  or  circumferential 
groove  will  sooner  or  later  form,  and  con- 
tinue to  deepen  until  the  central  portion  be- 
comes too  much  diminished  to  bear  the 
shock  of  any  unusual  jar.  The  ordinary 
"  tapping  "  will,  in  aggravated  cases,  enable 
such  a  flaw  to  be  detected,  but  no  skill  and 
no  care  will  guard  against  the  slow  but 
sure  approach  of  danger,  because  of  the 
unnecessary  removal  of  a  few  annular 
chips  at  the  shoulder  of  the  wheel  bearing 
to  gratify  the  whim  of  the  turner. 

Allusion  has  been  made  to  the  testing  of 
axles,  mechanically,  by  heavy  drops,  and 
although  such  methods  of  themselves  have 
a  tendency  to  weaken  the  axles,  just  as 
cannon  are  weakened  by  heavy  proof 
charges,  there  is  little  doubt  that  in  the 
present  state  of  the  art  the  practice  will 
have  to  be  retained.     The  severity  of  such 


tests  could,  however,  be  diminished,  and 
their  utility  increased  if  used  in  connection 
with  methods  of  more  recent  origin  and 
more  scientific  character.  It  is  some  time 
since  Saxby's  mode  of  testing  the  homoge- 
neity of  metal  was  introduced  abroad,  and 
proved  capable  of  indicating  flaws  undis- 
covered by  ordinary  agencies.  This  was 
illustrated  by  boring  a  hole  in  a  large  pad- 
dle wheel  shaft,  plugging  it  with  wrought 
iron,  and  then  turning  down  the  whole  until 
the  place  was  undistinguishable  to  the  eye ; 
the  deflection  of  the  needle,  however,  show- 
ing it  in  an  instant.  This  plan  has  been 
proposed  for  testing  boiler  plates  and  rail- 
way rails,  and  there  seems  to  be  no  good 
reason  why  its  application  for  the  same 
purpose  to  axles  should  not  give  most  satis- 
factory results.  The  general  character  of 
the  metal  could  also,  according  to  the  most 
recent  statements  of  Schott,  be  accurately 
determined  by  the  aid  of  the  microscope, 
the  crystallized  structure  of  steel  and  cast 
iron  being  converted  in  wrought  iron  into 
one  composed  of  superposed  parallel  leaves. 
Among  other  notable  modes  suggested  for 
ascertaining  the  true  condition  of  axles  is 
that  of  Sir  Joseph  Whitworth,  which  com- 
prises boring  a  longitudinal  hole  an  inch  in 
diameter  centrally  through  the  axle,  with 
the  idea  of  discovering  any  internal  flaw. 
But  this  at  best  would  only  prove  a  partial 
safeguard,  and  although  with  Whitworth' s 
perfect  machinery  the  cost  would  only  be 
one  shilling  and  sixpence,  English,  it  would 
ordinarily  be  too  great  for  extended  radway 
practice. 
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From  "  Engineering." 


The  "Times"  of  the  current  week  pub- 
lishes three  letters  of  more  than  usual 
interest,  the  first  from  Mr.  John  Hawkshaw, 
the  representative  of  the  Channel  Tunnel 
scheme,  the  second  from  Mr.  John  Fowler, 
the  engineer  of  the  proposed  Channel  Ferry, 
and  the  third  from  Mr.  C.  W.  Eborall,  re- 
presenting the  South  Eastern  Railway. 
Naturally  these  communications  express 
opposing  interests,  though  Mr.  Eborall  and 
Mr.  Hawkshaw  are  in  accord  and  antago- 
nistic to  the  Channel  Ferry,  and  while  the 
latter  explains  in  some  detail  his  proposition 
for  improving  the  present  condition  of  the 


Channel  passage,  Mr.  Eborall  supports  the 
views  expressed  upon  the  subject. 

There  now  lie  before  the  t  public  three 
alternatives  for  ameliorating  a  state  of 
things  which  is  universally  admitted  to  call 
for  radical  improvement ;  all  three  are  sup- 
ported by  engineers  who  stand  at  the  head 
of  the  profession,  and  whose  judgment  and 
skill  cannot  be  called  in  question.  The 
first  is  Mr.  Fowler's  steam  ferry ;  the  second 
the  tunnel  beneath  the  channel ;  and  the 
third,  also  supported  by  Mr.  Hawkshaw,  an 
improvement  of  the  existing  means  of  com- 
munication by  the  establishment  of  a  ser- 
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vice  of  vessels  of  considerable  size,  to  which 
the  existing  harbors  may  be  adapted  with- 
out an  excessive  cost. 

The  Channel  Ferry,  the  chief  of  these 
three  schemes,  has  just  received  the  sanction 
of  the  Committee  of  the  House  of  Commons, 
and  will  shortly  be  submitted  to  the  con- 
sideration of  the  Lords.  It  has  been  before 
the  public  for  several  years,  and  has  been 
the  subject  of  much  discussion  in  previous 
committees.  Every  detail  has  been  care- 
fully considered,  and  the  scheme  has  re- 
ceived the  approval  and  support  of  most  of 
the  leading  engineers  of  this  country,  both 
as  regards  the  harbors  and  the  vessels  for 
which  they  would  be  built.  The  objections 
urged  against  the  undertaking  are  chiefly 
those  which  have  been  made  by  superficial 
critics,  who  have  lacked  either  sufficient 
knowledge  or  judgment  to  criticise  at  all. 

The  questions  raised  by  Mr.  Hawkshaw, 
however,  are  of  a  different  class,  and,  com- 
ing from  so  distinguished  an  engineer, 
deserve  serious  consideration,  although, 
under  the  circumstances,  we  should  scarcely 
have  expected  to  have  seen  them  expressed 
in  the  correspondence  referred  to. 

Without  attempting  to  form  any  compar- 
ative estimate  of  the  merits  of  a  Channel 
tunnel  and  a  Channel  ferry,  Mr.  Hawkshaw 
draws  a  parallel  between  the  latter  and  his 
own  subordinate  scheme,  and  maintains 
that  no  corresponding  result  will  arise  from 
the  expenditure  of  so  large  a  sum  as  Mr. 
Fowler  demands  for  the  execution  of  his 
work,  while  for  a  much  smaller  sum  every 
accommodation  would  be  obtained. 

Mr.  Hawkshaw  proposes  to  place  upon 
the  service  boats  of  the  Holyhead  steamer 
type,  350  ft.  long,  and  drawing  8  ft.  or  9  ft. 
of  water,  with  the  necessary  alterations  to 
the  harbors  on  each  side  to  receive  them. 
Mr.  Fowler's  boats  would  be  400  ft.  long, 
and  of  course  corresponding  alterations 
would  be  required.  Mr.  Hawkshaw  pro- 
poses to  run  these  vessels  simply  as  passen- 
ger boats,  Mr.  Fowler  would  carry  freight 
trains  in  the  lower  part  of  his  ferries,  and  a 
certain  number  of  passenger  carriages  on 
deck. 

So  far  the  difference  between  these  two 
schemes  is  one  of  degree  and  of  detail,  not 
of  principle,  the  only  difference  worth  noting 
being  that  in  one  case  trains  would  be  con- 
veyed, and  in  the  other  they  would  not. 
We  think  there  can  be  little  doubt  as  to  the 
advantage  that  would  be  gained  by  convey- 
ing freight  unbroken  across  the   Channel, 


and  herein  lies  one  of  the  distinctive  features 
of  Mr.  Fowler's  plan,  a  feature  which  has 
received  the  support  of  engineers  well  able 
to  judge  as  to  its  practicability.  Conveying 
the  passenger  trains  on  deck  would  also 
have  its  advantages,  but  it  would  be  an  ex- 
periment easily  discontinued  if  found  ad- 
visable. We  have  already  pointed  out  that 
a  general  idea  exists  that  these  boats  are  to 
be  constructed  of  large  dimensions,  in  order 
that  they  may  have  sufficient  deck  area  to 
carry  passenger  trains,  whereas,  in  reality, 
if  this  portion  of  the  scheme  were  to  be 
abandoned,  the  size  of  boats  would  not  be 
reduced,  because  the  main  object  is  to  ob- 
tain steadiness,  which  would  be  sacrificed 
if  smaller  vessels  were  substituted.  Had 
Mr.  Fowler,  after  the  years  of  consideration 
he  has  given  to  the  matter,  aifived  at  the 
conclusion  that  smaller  boats  would  answer 
the  purpose,  he  would  naturally  have  pre- 
ferred advocating  the  less  costly,  and  there- 
fore more  easily  completed,  undertaking. 
But,  as  he  states  in  his  letter,  the  saving  in 
time  and  money  between  an  imperfect  and 
a  complete  reform  is  so  small  that  it  woirid 
be  unwise  to  carry  out  the  cheaper  work. 

Viewed  as  a  substitute  for  the  present 
service,  and  as  a  make-shift  until  the  tunnel 
shall  be  completed,  doubtless  Mr.  Hawk- 
shaw's  suggestion  would  be  a  wise  one  ; 
but  for  many  years  to  come,  at  all  events, 
the  tunnel  can  be  nothing  but  a  scheme 
upon  paper.  True,  some  few  thousands 
have  been  subscribed  for  experimental  bor- 
ings and  driftways,  but  we  think  that  no 
amount  of  energy  or  enterprise  would  en- 
courage the  subscription  of  even  £10,000,- 
000  for  the  construction  of  a  work  with  such 
a  doubtful  engineering  and  commercial  fu- 
ture. Mr.  Hawkshaw  points  out,  as  an 
argument  for  the  smaller  vessels,  and 
against  the  ferry,  that  in  winter  the  Chan- 
nel boats  frequently  carry  only  50  passen- 
gers ;  but  surely  such  an  argument  tells 
with  infinitely  greater  force  against  a 
scheme,  the  preliminary  estimate  of  which 
is  so  large,  and  probably,  despite  all  the 
sanguine  statements  that  have  been  shown, 
none  of  the  promoters  of  a  tunnel  imagine 
that  if  completed  it  would  pay.  At  the  best 
it  would  be  a  most  uninviting  means  of 
communication  between  the  two  countries, 
to  which  even  the  existing  service  would  be 
infinitely  preferable. 

The  question  then  narrows  itself  to  this, 
which  of  the  two  practicable  proposals  shall 
be  adopted — that  of  Mr.  Fowler,  or  that  of 
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Mr.  Hawkshaw  ?  In  dealing  with  this  we 
may  disregard  the  charges  of  impracticability 
that  have  been  brought  against  the  former, 
and  consider  only  the  requirements  of  the 
situation,  and  the  measures  of  usefulness 
each  scheme  would  offer.  We  think  there 
can  be  little  doubt  upon  this  point,  and  we 
hold  that  only  one  unprejudiced  conclusion 
can  be  arrived  at — that  in  favor  of  an  un- 


dertaking by  -which  an  unbroken  railway 
communication  can  be  established  between 
this  country  and  the  Continent,  and  which 
can  be  completed  quickly,  and  at  a  compar- 
atively moderate  outlay.  Half  measures 
would  not  be  found  satisfactory  in  the  pres- 
ent, and  they  would  certainly  require  modi- 
fication and  extension  in  the  immediate 
future. 


CLEAN  DRAINS  AND  IMPROVED  MORTARS* 

By  MAJ.-GEN.  SCOTT,  K.  E. 

From  "The  Building  News." 


Although  each  of  the  questions  involved 
in  the  above  title  is,  taken  individually,  well 
worthy  of  discussion  at  a  conference  of 
architects,  the  connection  between  them  is 
not  readily  apparent ;  but  before  my  paper  is 
concluded,  I  hope  to  be  able  to  show  you 
that  a  relation  may  be  with  advantage 
established  between  the  preparation  of 
hydraulic  limes  and  cements,  and  that 
great  sanitary  difficulty  of  the  age,  the  puri- 
fication of  sewage  and  the  cleansing  of 
sewers.  -Whatever  may  be  the  diversity  of 
views  entertained  respecting  the  ultimate 
disposal  and  cleansing  of  sewage  water,  all 
are  agreed — agriculturists,  chemists,  and 
engineers,  whether  the  advocates  of  irriga- 
tion, filtration,  or  precipitation — that  the 
sludge  must  be  removed  from  it.  If  this  be 
so,  the  system  which  effects  this  with  the 
cheapest  materials,  which  produces  the  least 
nuisance  in  the  process,  and  which  yields 
the  most  marketable  article,  has  the  best 
chance  of  success.  Now,  my  plan  is  to  use 
as  the  precipitants  of  the  sludge,  lime  and 
clay,  both  of  them  substances  readily  pro- 
curable everywhere,  the  one  being  also  of 
merely  nominal  value,  and  the  other  of  little 
cost  as  compared  with  other  equally  effec- 
tive precipitants,  and  to  turn  the  deposit 
into  ordinary  articles  of  trade — viz.,  cement 
or  hydraulic  lime,  for  which  there  is  in  most 
towns  a  constant  demand  ;  and  the  scheme 
is  approved  by  the  most  eminent  authorities 
in  sewage  matters.  "  In  all  the  clarification 
plans,"  says  Dr.  Yoelcker  at  the  Society  of 
Arts,  "which  have  hitherto  been  put  in 
practice,  whether  they  were  the  lime,  or  the 
sulphate  of  alumina,  or  the  phosphate 
sewage  process,  very  little,  comparatively 
speaking,  of  the  precipitating  agents  have 

*  A  paper  read  at  the  General  Conference  of  Architects. 


been  used,  for  obvious  reasons — reasons  of 
economy.  Now,  in  General  Scott's  plan  a 
very  large  proportion  of  earthy  matter,  clay 
and  lime,  was  used,  because  the  object  was 
to  bring  out  a  useful  product,  and  it  was 
mainly  due  to  this  circumstance  that  the 
sewage  slush  did  not  enter  into  putrefaction. 
He  had  himself  examined  at  Ealing  some 
of  the  clay  and  lime  sewage  mud  which  had 
been  kept  for  nearly  three  months,  and  he 
found  it  had  no  disagreeable  smell." 

Dr.  Odling,  F.  E.  S.,  Professor  of  Che- 
mistry at  the  Eoyal  Institution,  on  the  same 
occasion  said  that  he  had  seen  General 
Scott's  process  carried  out  at  Ealing,  and  he 
must  say  he  was  very  much  impressed  with 
it."  General  Scott  "recovered  the  material 
with  which  he  effected  the  process  in  a  form 
more  valuable  than  it  was  before  it  was 
used."  "Economically,  the  scheme  seemed 
to  him  the  most  promising  of  all  which  had 
been  introduced  for  the  purpose  of  dealing 
with  sewage." 

Dr.  Edward  Erankland,  Professor  of  Che- 
mistry at  the  College  of  Chemistry,  and 
one  of  the  Commissioners  for  Inquiry  into 
the  Pollution  of  Eivers,  gives  it  in  evidence 
before  the  Select  Committee  of  the  House  of 
Commons  on  the  Birmingham  Sewerage 
Bill,  that  "  he  should  prefer  to  deal  with 
the  sludge  according  to  General  Scott's  sy- 
stem— viz.,  turning  it  in  to  cement.  .  .  The 
process  of  treatment  at  Dunton  which  he 
would  recommend,  was  to  mix  lime  and  clay 
with  the  sewage  shortly  before  it  reached 
the  tanks.  That  would  produce  a  complete 
deposit  in  the  tanks,  and  would  deodorize 
the  sewage,  which  would  flow  on  to  the 
land  without  any  smell  arising  from  it,  and 
the  deposit  also  would  be  absolutely  inod- 
orous." 

After  such  important  testimony   concer- 
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ning  the  economy  and  efficiency  of  the  pro- 
cess of  precipitation  by  lime  and  clay,  I 
may  venture  to  take  you  a  step  farther,  and 
remind  you  of  the  fact  that  these  are  the 
substances  which  are  the  essential  compo- 
nents of  all  hydraulic  limes  and  cements. 
The  precipitation  which  ensues  on  their 
addition  to  sewage  water  is  chiefly  due  to 
the  combination  of  the  lime  with  the  car- 
bonic and  fatty  acids  which  it  finds  there, 
but  partly  also  to  its  affinity  for  the  clay 
which  is  added  with  it.  These  substances 
in  subsiding  carry  down  with  them,  first, 
some  of  the  carbonate  of  lime  which  was 
held  in  solution  in  the  sewage  water,  and 
small  quantities  of  other  soluble  salts ; 
second,  the  clayey  mineral  matters  in  su- 
spension in  it ;  third,  the  whole  of  the  or- 
ganic matter  in  suspension,  together  with 
some  portion  of  that  which  is  in  solution. 

Now,  it  is  manifest  that  we  have  in  the 
deposit  thus  produced,  both  as  respects  the 
mineral  matters  removed  from  the  sewage 
water  and  in  the  materials  added  to  pro- 
duce precipitation,  substances  analogous  to 
the  components  of  limestones,  such  as  are 
employed  in  the  manufacture  of  hydraulic 
cements  and  limes.  After  calcination,  the 
products  are  perfectly  similar,  for  all  the 
organic  matter  has  been  destroyed,  the  car- 
bonic acid  and  water  has  been  expelled,  and 
nothing  remains  but  lime  and  clay,  together 
with  some  other  substances,  such  as  the 
alkalies,  phosphates,  etc.,  which  are  found 
in  small  quantities  in  all  hydraulic  limes 
and  cements. 

Though  it  will  probably  appear  unneces- 
sary to  most  of  my  hearers  to  insist  upon 
the  inferiority  of  the  pure  or  fat  limes  «for 
the  purposes  of  the  architect,  to  those 
which  have  hydraulic  properties,  yet,  as  it 
will  conduce  very  much  to  the  appreciation 
of  my  process  for  improving  limes  that  this 
inferiority  should  be  strongly  present  to 
your  minds,  I  will  ask  you  to  pardon  my 
quoting  also  from  some  distinguished  au- 
thorities on  this  point.  I  wish,  as  far  as 
possible,  to  tell  my  story  by  the  words  of 
those  whose  opinions  must  carry  weight 
with  you.  "If,  then,"  says  Vicat,  "in 
what  follows,  we  treat  of  ordinary  mortars, 
or  the  mixtures  of  sand  and  rich  limes,  it  is 
because  we  are  compelled  to  do  so  to  com- 
plete the  history  of  the  phenomena  we 
have  to  describe  ;  for  it  is  our  most  decided 
opinion  that  their  use  ought  forever  to  be 
prohibited,  at  least  in  works  of  any  impor- 
tance."  "We  are  in  the  habit  of  composing 


our  mortars,"  says  M.  Treussart,  "  of  fat 
lime  and  sand.  Our  mortars,  consequently, 
have  little  durability.  We  shall  not  obtain 
durable  masonry  in  the  air  until  we  make 
use  therein  of  hydraulic  mortars.  In  coun- 
tries where  good  hydraulic  lime  is  to  be 
had,  no  other  kinds  should  be  used  for  any 
purpose  whatever." 

Sir  C.  Pasley's  testimony  is  equally 
strong.  "I  had  ascertained,"  he  writes, 
more  than  twelve  years  ago,  "  that  the 
pure  limes,  such  as  chalk  lime,  Carrara 
marble,  etc.,  were  utterly  unfit  for  the  pur- 
poses of  hydraulic  architecture,  as  they 
dissolved  away  on  the  outside,  and  never 
set  at  all  in  the  inside  of  walls  exposed  to 
the  action  of  water.  But  I  was  of  opinion 
at  that  time  that  the  mortar  of  these  limes 
was  good  for  dry  situations  and  for  inside 
work,  provided  that  the  external  joints  were 
protected  against  the  effects  of  beating 
rains,  by  pointing  them  either  with  cement 
or  some  superior  sort  of  lime."  He  then 
goes  on  to  say  that  further  experience 
showed  him  that  such  pure  lime  mortar 
rather  dried  than  set  in  inside  work  and 
dry  walls,  and  he  concludes  the  subject  with 
the  pithy  remark:  "  Thus  chalk  lime  mor- 
tar, when  wet,  is  a  pulp  or  paste,  and  when 
dry  it  is  little  better  than  dust." 

We  may  fairly  assume,  then,  that  in  all 
districts  in  which  pure  limes  are  the  only 
limes  now  available  at  a  moderate  price,  any 
scheme  which  would  supply  the  architect 
with  a  good  description  of  hydraulic  lime  or 
hydraulic  cement  without  any  considerable 
increase  of  the  cost  of  his  works,  would  be 
an  important  boon.  Now,  that  which  con- 
stitutes, essentially,  the  difference  between  a 
pure  lime,  a  feebly  hydraulic  lime,  and  an 
eminently  hydraulic  lime,  or  a  cement,  is, 
as  I  have  stated,  and  as,  indeed,  you  must 
all  be  perfectly  aware,  the  amount  of  clay 
present.  The  results  may  be  modified  by 
the  greater  or  less  proportion  of  iron  and 
alumina  or  alkalies  in  the  clay,  or  by  the 
temperature  of  calcination  ;  but  if  any  one 
point  of  difference  be  selected  for  purposes 
of  classification,  it  is  the  quantity  of  clay 
which  must  be  our  guide.  On  this  prin- 
ciple limes  have  been  classified  by  Yieat,  as  : 
first,  fat  limes,  when  the  quantity  of  clay 
present  in  the  limestone  is  less  than  six  per 
cent. ;  second,  as  hydraulic  limes  of  medium 
quality,  when  the  quantity  of  clay  is  from 
eight  to  twelve  per  cent. ;  thirdly  ordinary 
hydraulic  linies,  when  it  reaches  fifteen  or 
eighteen  per  cent.  ;  and  fourthly,  eminently 
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hydraulic  limes,  'when  it  amounts  to  twenty 
or  twenty-five  per  cent.,  the  last-named 
quantity  being  that  which  is  present  also 
in  Portland  cement  mixture  previous  to 
calcination.  The  resistances  which  Vicat 
assigns  to  these  four  qualities  of  limes, 
commencing  with  rich  or  fat  limes,  are  as — 

1  2.3  3.3  4  to  6.3 

The  resistances  assigned  by  Colonel  Ban- 
court  de  Charleville  to  the  mortars  of  similar 
descriptions  of  lime  as  the  above  and  quart- 

zose  sand  are  scarcely  above   1   2  to 

4  4  to  6  6  to  11,  and  the  results 

obtained  by  Treussart  were  very  similar  to 
those  given  by  Yicat. 

If  we  endeavor  to  assign  a.  place  to  the 
linies  of  this  country  which  are  to  be  met 
with  in  the  market,  we  shall  find  that  none 
of  them  are  such  as  to  merit  being  classed 
with  the  "  eminently  hydraulic  limes "  of 
the  French  writers.  It  is  true  that  there 
are  certain  beds  of  Has  and  gray  chalk 
which  would  yield  limes,  that  would  come 
up  to  this  standard,  but  they  are  of  very 
irregular  composition,  and  have  never  found 
favor  either  with  builders  or  architects. 
Nevertheless,  it  would  be  quite  possible,  by 
artifical  mixtures  of  lime  and  clay,  to  pre- 
pare such  eminently  hydraulic  limes  of 
equable  composition,  just  as  it  is  possible, 
by  triturating  chalk  and  clay  with  water  in 
proper  proportions,  to  produce  a  mixture 
which  will  burn  to  Portland  cement,  the 
strongest  cement  known.  Whether  the 
mixture  is  made  by  precipitation  from 
sewage-water,  or  subsidence  from  ordi- 
nary water,  would  be  of  little  moment, 
either  in  the  preparation  of  lime  or  cement. 
We  have  merely  to  add  the  ingredients  to 
the  sewage- water  at  some  distance  from  the 
outfall  into  the  depositing  tanks,  and  we 
obtain  as  perfect  an  admixture  of  the  in- 
gredients as  could  be  made  by  the  opera- 
tions of  nature  in  the  production  of  lime- 
stones, and  probably  more  constancy  in  the 
proportions  of  the  ingredients  than  nature 
ever  attains.  With  the  object,  indeed,  of 
sanitary  improvement  in  our  towns,  I  in- 
troduce the  lime  and  clay  not  only  at  a 
distance  from  the  outfall,  but  at  different 
points  of  the  system  of  sewerage  through 
the  streets.  At  Ealing  the  lime  and  clay 
are  introduced  into  the  main  sewer  at  a 
point  in  the  village  about  one  mile  and  a 
quarter  from  the  precipitating  tanks.  The 
lime,  previously  slaked,  and  the  clay,  in  the 
proportion  of  five  measures  of  slaked  lime 
to  one  of  clay,  are  mixed  together  in  a  tub 


by  means  of  revolving  arms,  and  the  impal- 
pable mixture  thus  obtained  flows  into  the 
drains,  and  passes  on  with  the  sewage 
towards  the  outfall.  The  joint  precipitating 
action  and  clarifying  effect  of  the  lime  and 
clay,  or  other  chemicals,  is  thus  promoted 
to  the  fullest  extent  by  the  natural  agita- 
ting process  to  which  the  mixture  is  subjec- 
ted ;  the  sewage  undergoes  defecation  in 
the  drains  themselves,  and  no  longer  emits 
the  noxious  gases  which  now  find  their  way 
into  our  streets  and  houses  ;  and  the  preci- 
pitate formed  exercises  a  scouring  action 
upon  the  bottom  and  sides  of  the  drain, 
quite  obviating  the  tendency  of  the  sewage 
to  coat  them  with  filthy  slimy  decomposing 
matter.  The  daily  flushings  which  house 
drains  ordinarily  receive  ought  to  keep  such 
drains  clean,  and  therefore,  under  this 
system,  if  these  be  laid  with  sufficient  fail, 
no  lodgment  of  noxious  matters,  which  will 
create  disease  by  their  decomposition,  can 
take  place,  unless  the  street  drains  are 
themselves  defective.  Professor  Abel  states, 
in  reference  to  this  system,  that  il  the  vari- 
ous cement-producing  ingredients  could 
scarcely  be  more  thoroughly  mixed  by  the 
most  efficient  mechanical  appliances  than 
they  are  found  to  be  in  the  deposit  described, 
which,  therefore,  after  separation  of  the 
water,  is  at  once  in  a  proper  condition  for 
conversion  into  cement  by  simple  calcina- 
tion." Mr.  Hawksley,  the  President  of  the 
Civil  Engineers,  also  advocates  this  system 
of  introducing  the  precipitants  "  in  order 
to  allow  the  chemical  matter  to  mix 
thoroughly." 

The  deposit  obtained  by  the  lime  and  clay 
process  is  then  dried,  and  subsequently 
calcined,  as  is  done  with  the  deposit  in  the 
manufacture  of  Portland  cement,  or  the 
artificial  hydraulic  limes  made  at  Meudon, 
near  Paris ;  but  it  is  to  be  observed  that,  in 
the  case  of  the  sewage  deposit,  there  is  a 
considerable  amount  of  organic  matter 
which  acts  as  fuel.  Indeed,  the  deposit, 
when  dried,  is  so  combustible  as  to  enable 
the  material  to  burn  of  itself,  when  in 
quantity  and  fairly  lighted.  Accordingly 
Mr.  Bramwell,  speaking  of  the  Birmingham 
sewage,  says :  "  The  sludge  deposited  at 
Saltley  contains  about  fifteen  per  cent,  of 
solid  matter,  and  of  that  forty  per  cent,  is 
combustible,  and  could  be  used  as  fuel;" 
and  Mr.  Hawksley  states  :  "It  was  practi- 
cable to  burn  the  sludge,  Avhich  contains  a 
great  deal  of  combustible  matter,  and  the 
experiment  of  burning  the  sludge  had  been 


CLEAN    DRAINS    AND    IMPROVED    MORTARS. 


249 


very  successfully  carried  out  by  General 
Scott."  The  destruction  of  the  sludge  by 
fire  is  indeed  a  very  important  point,  inde- 
pendently of  the  manufacture  of  cement, 
as  it  gets  rid  of  every  possible  germ  of 
disease.  It  perhaps  may,  however,  occur  to 
you  that  the  process  of  drying  and  burning 
deposit  mixed  with  so  much  organic  matter 
may  in  itself  be  a  nuisance  ;  but  here  again 
I  can  produce  unexceptional  testimony  as 
to  the  innoxious  character  of  the  process. 
Mr.  Bramwell  asserts  :  "  No  injury  would 
be  likely  to  arise,  in  the  way  of  nuisance, 
from  dealing  with  the  sludge  in  the  man- 
ner proposed ;"  and  Dr.  Yoelcker  says  he 
"  wished  to  bear  testimony  to  the  fact  that 
the  process  of  drying  and  manufacturing 
the  dried  material  into  cement  could  be 
carried  on  in  the  immediate  neighborhood 
of  the  town  where  the  sewage  was  obtained, 
without  creating  the  slightest  nuisance." 
The  kiln  at  Ealing  burns  with  a  down 
draught,  so  that  all  the  organic  products, 
which  are  evolved  at  a  low  temperature, 
and  which  might  create  a  nuisance,  are 
subsequently  raised  to  a  high  temperature, 
and  are  thus  resolved  into  inorganic  matter. 
The  waste  products  of  combustion  are  car- 
ried through  flues  under  a  drying  floor  on 
which  the  sludge  is  prepared  for  the  kiln. 
The  steam,  etc.,  from  the  drying  process 
may  also  be  carried  into  the  kiln  chimney 
shaft,  if  necessary. 

Experience  has  taught  me  that  another 
question  suggests  itself  to  most  minds  in 
respect  of  my  process,  and  that  is, 
"  Would  it  not  be  better  to  make  hydraulic 
limes  and  cements  in  a  more  direct  way 
than  this  ;  and  what  gain  is  there,  or  what 
advantages  have  you,  in  making  them 
through  the  intervention  of  sewage  ?"  The 
advantages  in  this  case,  which  do  not  ex- 
ist in  the  ordinary  processes,  are  these  : 
First,  as  I  have  already  stated,  the  materi- 
als used  undergo  a  considerable  increase 
from  the  lime  and  clay  removed  by  the 
precipitants  from  the  sewage  water ;  second, 
the  agitation  in  a  long  length  of  sewer  pro- 
duces better  admixture  than  can  be  effected 
by  ordinary  mechanical  appliances ;  thirdly, 
the  sewage  gives  up  a  large  amount  of  fuel, 
which  is  sufficient,  or  nearly  so,  to  effect 
the  calcination  of  the  deposit.  But,  as  Mr. 
Bramwell  very  well  put  it  in  replying  to  an 
objection  of  this  sort,  "  Supposing  the 
sewage-water  contained  no  ingredient  what- 
ever to  make  Portland  cement,  but  suppos- 
ing that  the  materials  to  cause  it  to  become 


inoffensive  were  such  materials  as  made 
Portland  cement,  then  you  put  those  in,  not 
because  you  wanted  to  make  Portland 
cement,  but  because  you  wanted  to  make 
the  sludge  harmless  and  inoffensive  ;  and 
if  you  could  afterwards  make  Portland 
cement,  why  should  you  not  do  so  ?  That 
he  understood  to  be  General  Scott's  proposi- 
tion." 

I  must  also  meet  a  third  doubt  which 
will  be  sure  to  arise  in  your  mind  :  "Is 
the  cement  worth  anything  when  it  is 
made  ? "  I  reply  again  in  the  words  of 
others.  Professor  Abel,  chemist  to  the  War 
Department,  who  has  probably  examined,  in 
the  course  of  his  official  duties,  more  limes 
and  cements  than  any  man  alive,  stated  at 
the  Society  of  Arts  that  he  had  examined 
the  cement  made  by  the  process,  and 
"  found  that  it  was  equal  to  excellent  Port- 
land cement,  or  in  another  case  to  an  excel- 
lent hydraulic  cement  of  a  different  charac- 
ter." Dr.  Frankland's  opinion  I  have  al- 
ready quoted,  and  I  will  add  to  this  testi- 
mony that  of  two  distinguished  engineers 
practically  well  acquainted  with  the  subject. 
Mr.  Hawksley  stated  before  the  Select  Com- 
mittee of  the  House  of  Commons,  already 
many  times  referred  to :  "  By  adopting 
General  Scott's  process,  it  (the  deposit  from 
sewage)  could  be  converted  into  a  very  use- 
ful and  valuable  cement."  And  Mr.  Bram- 
well states,  in  the  same  inquiry:  "  General 
Scott's  plan  of  converting  the  sludge  into 
cement  is  very  satisfactory,  and  from  what 
I  have  seen  of  the  cement,  I  have  the  high- 
est opinion  of  it." 

By  omitting  the  clay  an  excellent  lime  for 
agricultural  purposes  (because  compara- 
tively rich  in  phosphoric  acid,  sulphuric 
acid,  and  alkalies)  may  be  prepared ;  but 
this  application  has  only  an  interest  for 
the  architects  as  affording  an  outlet  for  a 
portion  of  the  products  of  the  process  in 
cases  in  which  there  is  a  small  demand 
for  building  materials.  As,  however,  the 
sewage  of  a  population  of  100,000  will 
only  yield  from  40  to  50  tons  of  lime  or 
cement  per  week,  there  are  few  localities 
in  which  the  demand  would  not  exceed 
the  supply. 

I  have  shown,  I  hope,  in  the  course  of 
what  I  have  stated,  that  both  hydraulic 
Mmes  and  cements  can  be  produced  by  the 
above  process.  I  have  also  brought  evi- 
dence that  Portland  cement  of  the  best 
quality  can  be  prepared  by  it ;  but  the 
manufacture    of   such    cement  necessitates 
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powerful  crushing  and  grinding  machinery, 
and  the  ingredients  must  be  proportioned 
with  a  degree  of  nicety  only  to  be  looked 
for  in  large  establishments.  The  so-called 
selenitic  cement,  however,  is  of  a  "tender" 
nature,  very  readily  ground,  and  succeeds 
perfectly  well,  though  the  relative  propor- 
tions of  lime  and  clay  may  vary  within  very 
wide  limits.  This  material,  therefore, 
with  the  rough  appliances  available  in 
places  of  small  populations,  is  generally  the 
best  suited  for  the  objects  in  view  ;  and  for 
the  information  of  those  who  know  little  or 
nothing  of  it,  I  may  add  that  the  eminent 
builders,  the  Messrs.  Lucas  Brothers,  who 
have  used  it  very  largely,  state  it  to  be  "  so 
good,  and  the  saving  of  time  in  the  use  of 
it  so  great  (as  it  is  equal  to  any  cement  at 
the  cost  of  ordinary  mortar),  we  feel  sure 
that  it  only  requires  to  be  known  to  be  ap- 
preciated." Selenitic  mortar,  as  is  known 
probably  to  most  of  you,  owes  its  remark- 
able properties  to  the  influence  which  is 
exerted  upon  lime  by  a  small  percentage  of 
sulphuric  acid  intimately  mixed  in  the  form 
of  sulphate  of  lime  at  the  time  the  mortar 


is  prepared.  This  treatment  enables  lime 
to  set  as  cement  by  depriving  it  of  its  ten- 
dency to  swell  when  combining  with  water, 
and  to  detach  itself  from  the  surface  to 
which  it  is  applied.  In  the  case  of  sewage- 
made  hydraulic  lime,  with  twenty-five  to 
thirty-five  per  cent,  of  clay  present  in  the 
calcined  mixture,  the  sewage  itself  yields  a 
sufficiency  of  sulphur  compounds  to  produce 
the  sulphuric  acid  necessary  to  control  the 
slaking  of  the  lime.  The  results  of  the 
selenitic  process  on  gray  chalk  lime  have 
been  tested  by  Mr.  David  Kirkaldy,  and 
his  careful  experiments  show  that  the  resist- 

:  ance  of  such  lime,  whether  exposed  to  a 
crushing  or  pulling  force,   is    considerably 

S  more  than  doubled  by  the  selenitic  action, 
though  the  proportion  of  sand  be  twice  as 
much  as  in  the  lime  used   in  the  ordinary 

i  manner. 

There  is  every  reason  to  suppose  that 
these  results  will  be  surpassed  by  a  hy- 
draulic lime  of  the  same  chemical  com- 
position as  Portland  cement,  such  as  can 
be  prepared  by  the  process  of  which  I  have 

j  endeavored  to  give  you  an  outline. 


A  EEYIEW  OF  THE  PRESENT  CONDITIONS  OF  NAYAL  DESIGN 
FOR  COMMERCE  AND  FOR  AVAR. 

By  C.  W.  MEEEIFIELD,  F.  E.  S. 
From  ''The  Annual  of  the  Boyal  School  of  Naval  Architecture  and  Marine  Engineering." 


The  day  of  sailing  ships  has  passed 
away :  the  leading  traffic,  whether  of  peace 
or  of  war,  will  never  again  be  conducted 
without  the  aid  of  some  other  prime  mover 
than  the  winds  and  tides.  There  is  as  yet 
little  indication  of  any  resting-place  in  the 
transition,  and  he  would  be  a  bold  prophet 
who  should  venture  to  foretell  what  is  to  be, 
in  the  future,  the  leading  type  of  vessels, 
either  for  commerce  or  for  fight.  Our 
navigation  is  in  a  state  of  transition  exceed- 
ing that  of  mere  development. 

It  is  occasionally  advantageous  to  pause 
in  our  active  work,  in  order  to  turn  round 
and  consider  our  position,  our  objects,  and 
our  means.  I  think  the  present  juncture 
a  favorable  opportunity  for  passing  these 
briefly  in  review,  and  I  propose  to  dwell 
especially  on  those  points  which  illustrate 
the  limits  of  the  power  and  of  the  duty  of 
the  naval  designer. 

A  ship  is  a  compromise  among  a  vast 
number  of  qualities,  which,  if  carried  sepa- 


rately to  extremes,  are  incompatible  with 
one  another.  The  design  of  a  ship,  there- 
fore, involves  a  selection  from  among  these, 
both  in  kind  and  in  quantity  of  each,  such 
as  on  the  whole  to  give  the  best  result  for 
the  purpose  intended.  There  is  no  absolute 
best,  but  only  the  best  for  the  purpose.  It 
is  possible  to  carry  out  any  one  quality  to 
an  extreme,  and  it  is  generally  not  difficult 
to  give  two  or  three  such  qualities  in  a 
very  high  degree  at  some  sacrifice  of  the 
remainder.  Thus  cargo-carrying  capacity 
is  the  leading  quality  in  a  barge;  while  in 
a  life-boat  seaworthiness  is  everything,  and 
in  a  racing  yacht  speed.  But  in  all  other 
vessels,  and  to  a  certain  extent  even  in  these, 
a  specific  minimum  of  the  other  qualities  of 
a  ship  must  be  secured,  in  order  to  give  it 
(if  I  may  draw  an  illustration  from  animal 
life)  sufficient  general  vitality  to  carry  out 
its  special  function  with  success.  These 
considerations  practically  reduce  the  attain- 
able maximum  of  any  one  quality  to  limits 
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which,  although  still  wide,  are  far    below 
the  absolute. 

The  problem  of  the  best  ship  is  there- 
fore an  idle  one,  and  the  problem  of 
the  ship  which  theoretically  fulfils  any  one 
quality  to  its  absolute  extreme,  although 
conducive  to  a  clear  conception  of  our  art, 
is  not  of  much  help  in  practical  design. 
Our  problem  is  a  relative  one — to  design 
the  best  ship  for  a  stated  purpose,  and  sub- 
ject to  stated  conditions — conditions  and 
a  purpose  which  must  be  as  clearly  under- 
stood and  specifically  stated  as  the  data  of 
any  other  problem  which  is  presented  to 
us  for  solution.  We  cannot,  it  is  true,  solve 
every  problem  which  is  presented  to  us  in 
naval  design ;  our  actual  knowledge,  both 
of  fact  and  of  theory,  is  deficient  in  too 
many  respects  for  that.  Let  us,  therefore, 
begin  by  cataloguing  what  we  are  able  to  do. 

In  the  first  place,  when  we  know  the 
form  of  a  ship,  by  means  of  accurate  draw- 
ings, we  are  able  to  calculate  with  great 
exactness  its  displacement,  its  capacity,  and 
all  those  statical  properties  which  depend 
upon  its  mere  geometrical  form.  To  give 
mechanical  meaning  to  these,  however,  it  is 
necessary  that  we  should  make  ourselves 
accurately  acquainted  with  the  distribution 
of  the  weights.  Where  we  have  the  con- 
trol of  the  stowage,  as  in  ships  of  war,  we 
can  do  this  with  a  very  fair  degree  of  accuracy 
beforehand,  especially  if  we  take  the  pre- 
caution of  weighing  in  and  out  all  that 
goes  over  the  ship's  side.  But  even  if  we  do 
not  do  this,  the  easy  experimental  process 
of  inclining  the  ship  by  moving  a  known 
weight  through  a  known  space,  will  give  us 
very  accurately  the  centre  of  weight,  if  we 
have  not  calculated  it,  and  will  afford  us  an 
excellent  check  upon  it,  if  we  have  calculated 
it.  We  are  thus  able,  by  the  use  of  well- 
established  methods,  to  arrive  at  all  the 
statical  qualities  of  a  ship,  if  we  can  have 
access  to  her  drawings,  and  can  perform  a 
simple  experiment  just  before  she  starts. 

In  the  design  of  merchant  ships  we  can 
dispense  with  much  of  this,  chiefly  for  the 
reason  that  the  designer  has  practically 
no  control  over  the  stowage,  and  must, 
therefore,  so  design  that  a  considerable  vari- 
ation in  this  respect  shall  not  be  detrimen- 
tal to  the  ship  ;  and  he  must  look  to  the 
master  mariner  to  see  that  there  is  no  ab- 
surdly bad  stowage,  and  that  the  ship 
shall  be  handled  with  some  regard  to  the 
disposition  of  her  freighted  cargo. 

In  sober  truth,  the  primary  responsibility 


for  the  safety  of  a  ship  can  never  be  taken 
off  her  commanding  officer.  Setting  aside 
the  dangers  of  making  land,  of  shoal  water, 
and  of  collisions,  no  ship  can  be  made  safe 
in  a  fool's  hands,  and  it  would  be  quite  idle 
to  attempt  to  design  for  that.  But  consider- 
ing that  the  ocean  has  shores  and  shoals, 
if  safety  alone  were  in  question,  an  ex- 
aggerated life-boat  would  not  make  a  safe 
ship.  Speed  and  handiness  are  quite  as 
important  qualities  for  safety  as  a  mere 
warranty  against  upsetting. 

The  dynamical  qualities  of  a  ship  are 
more  difficult  to  deal  with,  and  it  cannot  be 
said  that  the  present  state  of  onr  mathemat- 
ical and  physical  knowledge  enables  us  to 
master  them  completely.  Still  we  are  en- 
abled practically  to  get  at  most  of  what  we 
want  with  a  very  fair  degree  of  approxima- 
tion. 

We  have  no  theoretical  knowledge  of 
the  actual  form  of  least  resistance  to  direct 
motion  in  a  resisting  medium,  especially  in 
the  case  of  a  vessel  which  is  only  partially 
immersed.  We  do  not  know  this  for 
still  water,  much  less  for  wave  water.* 
Nevertheless  we  can  calculate,  with  very 
respectable  accuracy,  the  probable  speed  of 
vessels  of  all  ordinary  types,  under  all  usual 
circumstances.  Moreover,  the  proportions 
are  generally  dictated  by  other  require- 
ments than  the  simple  one  of  the  least  re- 
sistance. 

Rolling  in  wave  water  depends  upon 
very  varied  considerations,  the  most  im- 
portant of  which  are  the  following  : — 

(1.)  The  statical  stability,  or  stiffness, 
depending  on  the  horizontal  distance  be- 
tween the  centres  of  buoyancy  and  of 
weight. 

(2.)  The  distribution  of  the  weights  about 
the  centre  of  weight,  depending  upon  the 
moment  of  inertia. 

(3.)  The  form  of  the  ship,  including 
keels,  bilges,  and  bilge-keels. 

(4.)  The  harmony  or  discord  between  the 
proper  periodic  roll  of  the  ship  and  the 
actual  periodic   time  of  the  waves. 


*  A  mixture  of  practice  and  theory  has  led  us  with  a  very 
fair  degree  of  probability  to  the  conclusion  that  vessels, 
moulded  upon  lines  of  which  Mr  Scott  Russell's  wave  system 
is  the  extreme  limit  in  the  direction  of  sharpness,  come  very 
near  the  solution  of  the  problem.  In  my  own  opinion,  his  en- 
trance is  a  little  too  sharp  ;  otherwise  I  think  he  is  right  in  his 
objections  both  to  a  outwater  and  bell-bow  on  the  one  hand, 
and  to  a  spur-bow  on  the  other.  Far  long  ships,  especially,  I 
agree  with  him  in  thinking  that  the  floor  should  be  carried 
well  forward,  that  the  bow  should  rather  tumble  home  than 
flare,  and  that  the  stem  should  not  rake.  A  projecting  bow, 
such  as  is  in  fashion  at  Hartlepool  and  Sunderland,  appears  to 
me  to  be  not  only  ugly,  but  bad  in  respect  of  structural 
strength  and  nautical  qualities. 
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Stiffness  in  still  "water,  and  steadiness  in 
wave  water,  instead  of  usually  going  to- 
gether, are  discordant  and  almost  contradic- 
tory qualities.  Stiffness  practically  means 
a  tendency  to  keep  the  deck  parallel  to  the 
surface ;  and,  in  a  sea-way,  this  means 
parallel  to  a  wave-surface.  A  ship  of 
much  stiffness,  rolling  unrestrictedly,  will 
usually  roll  more  than  the  waves,  espe- 
cially a  broad,  shallow  ship.  The  question  of 
rolling  would  lead  us  into  far  more  mat- 
ter than  we  have  room  for  here,  and  it  is 
sufficient  to  say  that  very  great  stiffness  in 
still  water  is  not  conducive  either  to  ease  or 
safety  in  a  sea-way.  The  best  preventives 
(speaking  generally)  of  heavy  rolling  are 
deep  immersion,  moderate  stiffness,  and 
well-marked  keels,  whether  false  or  bilge- 
keels.  While  our  theory  of  the  subject  is 
far  from  being  complete,  or  capable  of  com- 
pact expression,  we  know  quite  enough  to 
justify  us  in  saying  that  we  can  build  a 
vessel,  which,  if  we  have  the  stowing  of 
her,  shall  very  seldom  roll  uneasily  or 
dangerously. 

Pitching  is  but  another  kirid  of  rolling  ; 
but  inasmuch  as  the  longitudinal  section  is 
always  broad  and  shallow,  a  ship  can  only 
be  prevented  from  pitching  by  being  long 
enough  to  bestride  more  than  one  wave  at 
a  time.  The  angular  extent  of  pitching  is, 
however,  so  much  less  than  that  of  rolling, 
that  it  is  only  abrupt  pitching,  like  that  of 
short  or  fine-ended  ships,  which  is  disagree- 
ably felt.  At  the  same  time,  pitching  takes 
up  a  great  deal  of  the  work  which  ought  to 
be  expended  in  propulsion.  The  ships 
that  pitch  least  are  long  vessels,  with  the 
floor  carried  pretty  far  forwards. 

As  regards  structural  or  local  strength, 
there  is  no  difficulty  in  providing  for  them 
both  easily  and  cheaply,  in  the  very  longest 
ships  yet  constructed  ;  nor  will  there  be  any 
difhculty  in  designing  sufficiently  strong 
for  a  greater  length,  even  with  a  small  depth 
or  draught,  provided  a  good,  strong  iron 
de'ok — not  too  much  cut  up — can  be  speci- 
fied for. 

Having  thus  stated,  in  general  terms,  the 
leading  matters  within  the  designer's  con- 
trol, I  turn  to  certain  points  which  do  not 
rest  wholly  with  the  Naval  Architect. 

In  merchant  ships  I  need  only  mention 
two  points.  The  first  is  stowage.  As  I 
have  already  remarked,  the  builder  can 
design  for  a  certain  margin  in  stowage ; 
but  if  the  ship  is  to  be  run  fine  in  any  way, 
either  for  sailing  or  steam  performance,  or 


otherwise,  that  margin  must  be  small.  No 
living  man  can  design  any  one  ship  which 
shall  behave  equally  well  with  railway  bars 
on  her  floor,  with  unpressed  cotton  piled 
half-way  up  her  masts  like  hay  on  a  barge, 
or  with  coals  or  wheat.  A  ship  must  be 
reasonably  stowed,  according  to  her  design- 
er's intention,  if  he  is  to  be  held  responsible 
for  her  performance. 

The  second  point  is  length.  Under  steam, 
at  moderate  speed  (seven  to  ten  or  eleven 
knots),  long  vessels  are  far  more  economical, 
per  ton-mile,  than  short  ones  ;  but  they  re- 
quire more  careful  handling  both  at  sea 
and  in  making  the  land.  They  do  not 
steer  so  easily  as  short  ships,  and  it  will  not 
do  for  them  to  broach  to,  or  to  be  pooped, 
in  a  heavy  sea-way. 

In  all  cases  the  designer  has  a  right  to 
claim  the  fullest  information,  not  only  in 
general,  but  also  in  detail,  of  the  points 
which  his  design  should  fulfil.  The  ab- 
surdity of  supposing  that  he  can  meet  an 
unknown  requirement  is  sufficiently  ex- 
posed by  being  named. 

In  the  merchant  service  these  necessities 
are  sufficiently  met  by  the  experience  and 
theoretical  knowledge  which  are  already  in 
the  possession  of  the  leaders  of  our  profes- 
sion. In  the  war  navy  the  requirements 
are  far  more  complicated  and  precise,  but 
far  less  definitely  specified  to  the  naval 
architect.  There  are,  moreover,  many 
traditions  of  the  navy,  taken  from  the  prac- 
tice of  sailing  ships,  which  must  be  laid 
aside  before  it  is  possible  to  make  a  proper 
use  of  steam  power. 

I  do  not  propose  to  enter  into  any 
lengthened  criticism  of  our  existing  fleet. 
It  is  necessary  to  remark,  however,  that  it 
is  sadly  deficient  in  sail  power,  and  by  no 
means  strong  in  steam  power.  It  cannot 
manceuve  under  sail,  and  it  can  beat  only 
to  leeward.  Over-sparred  for  steam,  under- 
sparred  and  over-hulled  for  sailing,  it 
performs  both  functions  imperfectly,  and 
that  is  no  compensation  for  not  doing  one 
thing  well.  The  ships  are  also  very  much 
over-manned  in  proportion  to  their  number 
of  guns. 

It  is  idle  to  talk  of  good  naval  design  so 
long  as  a  topman  is  looked  upon  as  the 
ideal  of  a  sailor,  and  cruising  as  the  duty 
of  the  fleet.  The  sailor  we  now  want 
should  be  boatman,  gunner,  and  stoker, 
rather  than  reefer.  A  steam  fleet  should 
be  either  at  anchor  or  at  half  boiler  power, 
except  when  it  is  under  full  steam.  Nothing 
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can  be  more  dangerous  than  the  attempt  to 
manoeuvre  a  fleet  in  narrow  waters  and 
strong  tides  at  low  speed.  We  have  it  on 
the  highest  authority  that  the  manoeuvres 
in  the  course  of  which  the  Agincourt  took 
the  ground  off  Gibraltar  were  ill-devised 
and  ill-executed.  It  is  worth  while  to  con- 
sider whether  their  chief  defect  was  not  the 
attempt  to  secure  economy  of  fuel  by  means 
of  low  speed. 

Moreover,  no  ship  can  be  properly  de- 
signed unless  the  guns  of  which  it  is  to  be 
the  floating  carriage,  and  the  work  which 
it  is  expected  to  perform,  be  settled  and 
specified.  When  guns  were  small — six  or 
twelve  pounders — it  was  easy  to  build  a 
ship  fit  for  either,  and  then  to  arm  her  as 
thought  best,  although  this  did  not  always 
prove  successful  in  the  old  wars.  General 
strength  would  support  small  artillery. 
But  you  might  as  well  try  to  mount  a 
thirty-two  pounder  on  a  slated  house-roof 
as  to  put  thirty-ton  guns  in  the  strongest 
ship  that  can  be  built,  without  specially 
designing  for  those  particular  pieces.  A 
very  small  margin  of  variation  is  all  that 
can  be  reasonably  provided  for. 

Underlying  all  this,  however,  is  the 
question  of  the  general  defence  of  the 
Empire.  Until  a  matured  scheme  for  this 
has  been  made  known  to  him,  the  designer 
must  labor  in  the  dark,  and  work  perforce 
withont  a  settled  plan.  Are  we  to  sweep 
the  seas,  and  show  front  at  all  points,  as  we 
did  in  the  wars  of  the  first  French  Em- 
pire? Or  are  we  to  do  as  we  did  in  the 
early  days  of  the  French  Revolution — hold 
R3curely  some  strong  and  well-selected 
places,  on  which  we  could  fall  back  for 
supplies,  and  from  which  we  could  issue 
forth  to  smite  the  enemy  at  every  open 
point  ?  When  the  naval  architect  has  made 
himself  acquainted  with  this  general  plan — 
a  plan  which  doubtless  exists  somewhere — 
when  he  knows  the  distances  between  his 
coaling,  victualling,  and  repairing  stations, 
and  the  accommodation  to  be  expected  at 
each — then,  and  not  till  then,  he  can  use- 
fully set  about  the  design  of  a  navy.  Scat- 
tered as  our  empire  is,  he  must  expect  to 
have  long  distances  between  each  station. 
Malta,  the  Cape,  India,  Sydney,  or  Mel- 
bourne, Vancouver,  the  Falklands,  some 
West  India  port,  perhaps  also  the  Bermudas, 
and  Quebec  or  Halifax — these  are  all  the 
places  in  which  he  could  have  the  means  of 
docking  and  refitting  large  steam  fleets,  or 
in  which  he  could  reasonably  expect  to  find 


heavy  guns,  spare  screw  shafts  and  propel- 
lers, or  large  reserves  of  sea-stores  and 
coals.  In  time  of  peace,  or  in  war  with 
small  powers,  he  may  expect  to  coal  at 
small  stations ;  but  in  serious  war  he  must 
expect  to  find  that  great  reserves,  such  as 
fifty  or  a  hundred  thousand  tons  of  coaL 
and  the  means  of  docking  and  refitting,  can 
only  be  placed  at  the  few  points  for  which 
strong  garrisons  can  be  spared,  so  that  they 
must  be  separated  by  5,000  or  7,000  mile3 
of  sea.  If  it  is  intended  to  blockade  a 
coast,  the  first  step  is  to  seize  some  island  or 
peninsula,  and  establish  a  depot.  But  this 
is  independent  of  that  general  scheme  for 
the  defence  of  the  Empire  which  is  necessary 
to  the  design  of  our  fleet. 

Although  advocating,  as  I  have  done,  the 
use  of  full  steam  power,  I  do  not  mean  to 
propose  that  ships  should  be  altogether 
without  sails.  My  belief  is  that  steamships 
should  have  a  fore-and-aft  schooner  rig, 
which  could  be  sent  down  altogether  if 
needed.  Increased  expenditure  of  coal  will 
be  necessary.  I  wish  to  record  my  opinion 
that  this  cannot  be  avoided  if  the  Navy  is 
to  be  made  efficient.  The  true  sources  of 
economy  are  to  be  found  in  the  improve- 
ment of  the  machinery  and  in  the  reduction 
of  the  crews.  The  establishments  of  sea- 
going ships  are  now  settled  mainly  with 
reference  to  their  sails.  In  full-powered 
steamships  they  should  be  settled  with  ref- 
erence to  the  number  of  guns  and  the  indi- 
cated horse-power.  Thirty-five  men  per 
heavy  gun  (of  30  or  35  tons),  and,  in  addi- 
tion, one  man  per  50  I.  H.  P.,  would,  in  my 
opinion,  be  a  sufficient  complement  in  ordi- 
nary cases. 

An  interesting  problem  to  the  rising 
Naval  Architect  is  the  arrangement  of  the 
steam  power  auxiliary  to  the  working  of 
the  ship.  At  present  donkey-engines  for 
each  special  work  are  stowed  (without  much 
system)  in  any  convenient  corner  of  the 
decks.  What  is  needed  is,  that  a  careful 
and  complete  scheme  should  be  worked  out, 
dealing  with  the  auxiliary  steam  service  as 
a  complete  whole,  entering  into  the  general 
design  of  the  ship,  in  the  same  way  that  the 
rig  and  the  gunnery  are  now  treated. 

Ships  for  coast  defence  also  present  a  very 
interesting  problem,  of  which  the  present 
solution,  in  the  slow  monitor  type,  is  a  very 
defective  one.  The  real  data  of  the  problem 
are  as  follows  :  A  seagoing  vessel  of  war, 
in  addition  to  her  means  of  offence  and  de- 
fence, is  burdened  with  the  condition  of  car- 
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Tying  coals  and  stores  for  a  long  voyage. 
From  this  condition  the  coast-defence  ship 
is  free.  The  true  problem  is,  therefore,  to 
utilize  the  reduction  of  the  coals  and  stores, 
in  providing  greater  speed  or  more  formi- 
dable armament.  Floating  batteries  may  be 
cheap;  but  unless  they  have  high  speed 
they  will  be'  fit  for  the  defence  of  ports  or 
creeks,  not  for  the  protection  of  coasts. 

For  the  attack  or  worrying  of  coasts,  the 
chief  thing  in  which  we  seem  to  be  deficient 
is  the  adoption  of  a  boat-gun  of  very  low 
range,  the  effect  of  which  would  be  to  make 
it  unsafe  for  the  land  power  to  establish 
either  reserves  or  magazines  within  this  long 
range  of  any  creek  which  a  boat  could  pen- 
etrate. Boat  attacks  can  never  be  of  real 
power,  unless  in  support  of  military  action ; 
but  their  incessant  worry  may  either  occupy 
a  large  hostile  force,  or,  if  that  be  reduced, 
facilitate  military  attack  and  operation. 
Small  draught  of  water  and  high  speed  are 
the  essential  conditions  of  efficient  coast 
warfare. 


The  task  I  had  set  myself  in  writing  this 
article  was  to  bring  into  strong  relief  the 
following  points: — 

That  the  first  condition  of  all  successful 
design  is  that  the  requirements  and  pur- 
poses of  the  structure  should  be  fully  under- 
stood, both  in  general  outline  and  in  detail. 

That  for  war-ships  the  general  plan  of 
naval  defence  or  attack  must  be  devised, 
and  communicated  to  the  naval  designer, 
before  he  is  set  to  work. 

That  the  free  use  of  high  steam  power, 
and  the  abandonment  of  sail  power,  except 
as  a  mere  auxiliary  to  steam,  is  the  imme- 
diate future  of  our  Royal  Navy. 

That  the  ships'  companies  must  be  largely 
reduced,  and  that  a  careful  arrangement  of 
auxiliary  steam  power  for  the  donkey- work 
must  form  a  part  of  the  design  of  the  ship. 

To  develop  these  fully,  and  to  justify 
them,  would  exceed  the  limits  of  space  at 
my  disposal.  It  is  sufficient  here  to  have 
stated  them  for  the  careful  consideration  of 
my  readers,  and  especially  of  my  old  pupils. 
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From  "The  Builder.' 


The  paper  recently  read  at  the  Fcoyal 
Institute  of  British  Architects,  "  Our  Pre- 
sent Knowledge  of  Building  Materials  and 
How  to  Improve  It,"  by  Captain  Seddon, 
R.  E.,  contains  some  valuable  matter.  We 
print  portions  of  it,  and  advise  those  who 
are  interested  in  the  subject  to  obtain  it  for 
themselves  from  the  Institute.* 

Engineers  have,  to  a  greater  extent  than 
architects,  been  compelled  to  study  the  na- 
ture and  strength  of  materials,  and  espe- 
cially of  iron,  which  (used  as  it  is  by  the 
former  for  every  kind  of  work)  has  to  be 
dealt  with  so  as  to  economize  both  weight 
and  material  to  the  utmost,  and  to  make 
the  best  possible  use  of  its  enormous  pow- 
ers of  resistance  to  strains  of  every  descrip- 
tion. In  fact,  the  extensive  use  of  iron  for 
constructive  purposes  may  almost  be  said  to 
have  given  birth  to  the  profession  of  civil 
engineering  as  distinct  from  that  of  archi- 
tecture, the  result  of  which  has,  I  think, 
been  a  tendency  to  too  exclusive  a  cultiva- 
tion of  art  on  the  one  side,  and  of  science 
on  the  other,  to  the  manifest  disadvantage 
of  both  professions. 

*  Sessional  Papers,  1S71  72,  Xo.  10. 


Inasmuch  as  the   architect    aims    at  the 
beautiful  in  his  constructions,  as  well  as  the 
useful,    his    profession   is   of  a   more    ele- 
vated character  than  that  of  the  engineer  ; 
for   by    assisting    to    cultivate   the    public 
taste  he  leads    towards    the    source  of  all 
beauty   and  purity.       Engineers   confining 
themselves     too    closely    to     one     idea — 
namely,  the  theoretical  perfection   of  their 
work — have  fully  met  the  want  that  gave 
them  birth,    have    shown  how  maximum 
results    may    be    obtained    from    a   mini- 
mum expenditure  on  labor  and   materials ; 
but   in    mastering   science    they   have    too 
|  much  neglected  art,  and  even  at  times  jus- 
i  titled  the  absence  of  any  aim  at  the  beauti- 
j  ful,  by  affecting  to    rise  above  such  ideas 
!  into  the  regions  of  the  stupendous  and  the 
!  grand;  but,  unfortunately,  in  minor  under- 
;  takings,  in  little  works  which  cannot  aspire 
so  high,  we  still  find  the  same  absence  of 
!  any  attempt  to  please  the  more  cultivated 
feelings  of  our  nature  ;  or  if  the  attempt  is 
;  there,  it  is  mostly  too  evident  that  a  given 
sum  has  been  expended  upon  purchasing  a 
I  mask  to  hide  not  the  loveliest  of  structural 
!  details  below. 
j      The  question  which  I  mean  to  raise  is, 
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whether  we  are  yet  sufficiently  acquainted 
with  the  properties  and  strength  of  the  dif- 
ferent materials  in  common  use  for  building 
purposes  to  enable  us  to  employ  them  to 
the  best  advantage,  or  to  allow  of  our  cal- 
culating with  accuracy  the  amount  of  mate- 
rial necessary,  in  every  part  of  a  structure, 
to  meet  the  different  stresses  called  into 
play  ? 

It  may  be  said  by  some,  What  more  in- 
formation do  we  want  than  that  already 
within  our  reach?  There  are  hand-books 
enough,  in  all  conscience,  with  copious  tables, 
giving  the  strength  of  all  kinds  of  materials 
under  every  description  of  stress,  and  formu- 
lae for  calculating  the  requisite  dimensions 
of  beams,  columns,  etc.,  of  different  forms 
and  under  varied  conditions ;  surely  we  are 
in  possession  of  all  the  information  any  one 
could  possibly  require.  Nevertheless,  I 
think  it  must  be  admitted,  on  a  little  reflec- 
tion, that  the  present  state  of  our  knowl- 
edge in  these  matters  is,  in  face  of  the 
boasted  enlightenment  of  the  nineteenth 
century,  by  no  means  so  satisfactory  as  at 
first  sight  might  be  imagined ;  or  in  any 
way  sufficient  to  warrant  our  resting  con- 
tent without  making  any  further  researches. 

Most  of  the  data  upon  which  calculations 
have  hitherto  been  based,  have  been  derived 
from  experiments  made  on  picked  speci- 
mens, too  small  in  size,  and  too  free  from 
such  ordinary  defects  as  are  sure  to  occur 
in  larger  specimens,  to  give  us  very  reliable 
grounds  to  go  upon;  the  result  being  that 
we  are  forced  to  supplement  our  defective 
knowledge  by  using  large  factors  of  safety ; 
or,  in  other  words,  by  not  straining  the  ma- 
terial used  to  anything  like  its  estimated 
powers  of  resistance. 

Timber. — Taking  the  subject  of  Timber 
first,  I  cannot  perhaps  do  better  than  quote 
from  a  valuable  little  treatise  lately  publish- 
ed by  Mr.  B.  Baker,  C.  E.,  "  On  the  Strength 
of  Beams,  Columns,  and  Arches."  At  page 
127  he  says  : — 

"  Unfortunately,  most  of  the  careful  ex- 
periments of  Tredgold,  Barlow,  and  other 
early  investigators  were  made  on  small 
pieces  of  timber,  straight-grained,  and  free 
from  knots  and  other  defects  ;  a  condition 
favorable,  it  is  true,  to  the  comparison  of 
the  results  of  mathematical  investigation 
with  those  derived  from  direct  experiment ; 
but,  on  the  other  hand,  leading  to  errors  of 
much  greater  moment  in  actual  practice, 
since  (as  every  workman  knows)  a  piece  of 
timber    uniformly   sound    throughout    can 


never  be  reckoned  upon."  He  then  goes 
on  to  show  the  percentage  of  loss  of  strength 
due  to  the  inevitable  defects  in  large  scant- 
lings, as  follows  :  A  piece  of  English  oak, 
2  in.  and  1  in.  square,  gave  a  result  equiv- 
alent to  a  breaking  weight  of  8|  cwt.  ap- 
plied at  the  centre  of  a  1-in.  square  bar 
supported  on  bearings  12  in.  apart,  giving 
a  calculated  stress  on  the  extreme  fibres  of 
the  bar  equal  to  7.6  tons,  or  17,021  lbs.  per 
sq.  in.,  a  surprisingly  high,  and,  as  far  as 
practical  cases  are  concerned,  a  palpably 
exaggerated  result.  Whereas,  taking  a 
larger  scantling  of  oak,  1 1  ft.  9  in.  long  and 
8^-  in.  square,  the  calculated  stress  on  the 
extreme  fibres,  when  rupture  took  place, 
was  only  five  tons,  or  11,200  lbs.,  instead  of 
17,000  lbs.  per  sq.  in. ;  and  a  larger  beam 
still,  24  ft.  6  in.  long,  12.^  in.  deep,  and  10-§- 
in.  wide,  gave  a  result  equivalent  to  less 
than  one-third  of  that  given  by  the  small 
selected  piece.  He  then  says:  "This 
reduced  amount  shows  that  the  average 
strength  of  the  timber  in  this  large  beam 
was  less  than  one-third  of  that  in  the  small 
selected  piece ;  and  we  think  no  further 
illustration  is  required  to  show  the  necessity 
of  neglecting  the  majority  of  experiments 
made  on  small  scantlings  of  oak,  when  de- 
ducing rules  for  practical  application.  We 
find  the'  same  conclusions  hold  good  with 
reference  to  Riga,  Memel,  pitch  pine,  and 
other  soft  woods,"  the  standard  bar,  12  in. 
by  1  in.  square,  giving  a  maximum  stress 
on  the  fibres  of  o|  to  4 \  tons  per  sq.  in., 
whilst  experiments  on  a  beam  15  ft.  long 
and  12  in.  square  give  a  maximum  stress  of 
only  2|  tons  per  sq.  in. 

If  we  turn  to  Molesworth's  "  Hand-Book 
of  Engineering  Formulae,"  and  Hurst's 
"  Architectural  Surveyor's  Hand-Book," 
bpth  of  which  are  books  purporting  to  sup- 
ply all  the  latest  information  brought  up  to 
date  each  year,  we  find  the  value  of  the 
constant  to  be  applied  in  the  formula  for 
beams  under  transverse  stress,  given  as  five 
for  English  oak,  5  cwt.  being  taken  as  the 
central  load  required  to  fracture  a  standard 
bar,  12  in.  long  and  1  in.  square ;  although 
the  tensile  strength  of  oak  in  po-uiids.  In 
Molesworth's  Hand-Book,  is  given  as  17.000 
lbs.,  which  would  give  8.\  cwt.  instead  of 
5  cwt.  as  the  central  breaking  load.  Pro- 
fessor liankine,  in  his  "Rules  and  Tables," 
gives  10,000  lbs.  to  19,000  lbs.  per  sq.  in., 
as  the  tensile  strength  of  oak,  and  12,000 
lbs.  to  14,000  lbs.  for  fir  or  pine. 

Now  let  us  glance  at  the  crushing  strength 
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of  timber,  as  given  by  different  experi- 
menters. 

Rondelet  gives  the  crushing  strength  of 
piae  as  54  cwt.  to  62  cwt.  per  sq.  in.,  and 
tliat  of  oak  as  45  cwt.  to  54  cwt. 

Tredgold  took  36  cwt.  for  both. 

Rennie  gives  the  strength  of  pine  at  14 
cwt.,  and  of  elm,  as  low  as  11^  cwt.  per 
sq.  in. 

Hodgkinson  gives  92  cwt.  for  elm,  90  cwt. 
for  oak,  and  about  54  cwt.  for  pine. 

Lastly,  I  have  here  the  results  of  some 
experiments  made  by  Mr.  Kirkaldy,  on  two 
logs  20  ft.  long  about  13  in.  square,  one  of 
white  Riga  and  the  other  of  Red  Dantzic 
fir,  which  show,  in  the  first  case,  a  resistance 
to  crushing  of  17.5  cwt.,  and  in  the  last  of 
15.5  cwt.  per  sq.  in.  Both  balks  failed  by 
crushing,  the  lateral  deflection  not  exceeding 
.64  of  an  inch  in  either  case.  These  results 
approximate  closer  to  those  made  by  Ren- 
nie  than  any  of  the  others. 

Here  is  a  mass  of  conflicting  evidence, 
notwithstanding  the  apparent  simplicity  of 
the  subject;  and  yet  it  is  by  no  means  as 
simple  as  it  seems.  The  conditions  were, 
no  doubt,  very  different  in  each  set  of  ex- 
periments ;  the  apparatus  employed  was 
different,  there  were  different  observers,  and 
therefore  it  is  not  to  be  wondered  at  that 
the  results  arrived  at  differ.  In  fact,  the 
seasoning  alone  of  the  specimens  would  at 
once  account  for  a  great  part  of  the  differ- 
ence ;  for  green  timber,  from  the  moisture 
in  it  reducing  the  lateral  adhesion  of  the 
fibres,  has  not  more  than  half  the  strength 
of  dry  timber,  and  yet  if  artificially  over- 
dried,  a  considerable  loss  of  strength  would 
be  the  result. 

With  regard  to  the  transverse  strength 
of  timber  beams  especially,  though  the  same 
remarks  apply  to  those  of  iron  or  any  other 
material,  what  would  appear  to  be  an  im- 
portant element  in  their  strength,  though 
hitherto  omitted  from  all  calculations,  is 
the  lateral  adhesion  of  the  fibres  to  each 
other. 

Ikon. — I  now  come  to  the  subject,  and  a 
most  important  one,  of  iron.  Notwithstand- 
ing the  great  advance  which  has  of  late 
been  made  towards  a  more  perfect  acquaint- 
ance with  the  properties  of  irons  of  differ- 
ent classes,  and  notably  by  means  of  the 
numeroiis  experiments  made  by  Mr.  Kirk- 
aldy, and  the  stimulus  which  has  been  given 
to  the  manufacture  of  high-class  irons,  by 
the  rival  contests  between  iron  guns  and 
iron  shields,  it  must  be  admitted,  even  by 


those  who  have  made  it  a  subject  of  special 
study,  that  there  is  very  much  yet  to  be 
learnt  about  iron  ;  whilst,  if  we  except  a 
small  circle,  whose  special  employment  has 
caused  them  to  follow  with  interest  in  the 
track  of  every  experiment  which  could  throw 
any  light  upon  the  nature  and  properties  of 
the  material  with  which  they  are  chiefly 
called  upon  to  deal,  there  is  a  general  lack 
of  knowledge  about  the  whole  subject,  be- 
sides much  misconception,  which  the  clear 
proof  of  practical  experiment  will  alone  be 
able  to  sweep  away. 

As  a  building  material,  iron  is  day  by 
day  forcing  its  way  everywhere,  and  many, 
who  not  long  ago  would  have  set  their  faces 
against  its  use  in  structures  aiming  at  a 
high  class  of  art,  no  longer  hesitate  to  call 
in  its  valuable  assistance  in  order  to  solve 
constructive  problems  which  would  be  be- 
yond the  reach  of  wood,  brick,  or  stone, — 
at  any  rate,  within  any  reasonable  limits  of 
expenditure.  Such  being  the  case,  it  is 
essential  that  its  properties  should  be  thor- 
oughly understood  t>y  all  those  who  are 
likely  to  make  use  of  it  for  constructive  pur- 
poses, and  that  they  should  not  merely  order 
a  girder,  for  instance,  to  carry  a  given  load, 
leaving  the  designing  of  it  to  the  manufac- 
turer or  his  agent,  whose  interest  it  is  to 
run  up  the  weight,  and  hence  the  price,  at 
the  expense  of  quality  and  good  workman- 
ship. 

It  may  safely  be  said  that  there  is  no 
material  so  dangerous  to  trust  to,  without  a 
full  knowledge  of  its  behavior  under  differ- 
ent conditions,  as  iron ;  whilst  there  is 
none  which  varies  so  much  in  quality,  or  in 
the  manufacture  of  which  there  is  more 
knowledge,  experience,  skill,  and  care  re- 
quired, or  which  admits  of  more  deception 
being  practised  upon  the  unwary  by  un- 
scrupulous and  dishonest  manufacturers. 

Now  I  think  that,  beyond  the  difference 
between  cast  and  wrought  iron,  and  the  in- 
feriority of  the  former,  when  exposed  to  the 
effects  of  sudden  shocks,  there  is  very  little 
accurate  knowledge  on  the  subject  of  the 
properties  and  powers  of  resistance  of  dif- 
ferent classes  of  iron  under  varying  condi- 
tions of  stress.  Their  behavior  under  dif- 
ferent circunistances,  such  as  tension,  com- 
pression, sheering,  bending,  torsion,  either 
suddenly  or  gradually  applied,  varies  so 
widely  according  to  the  description  of  the 
iron  under  trial,  that  the  strongest  proof 
which  could  be  adduced  of  the  necessity  for 
a  far  wider  acquaintance  with  the  subject 
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is  given  by  the  ordinary  formulae  in  use  for 
calculating  the  strength  of  iron  girders,  etc. 

Stone. — Passing  on  to  another  material, 
let  us  see  whether  we  ought  to  rest  satis- 
fied with  what  we  know  about  building 
stones. 

Here  again  the  majority  of  experimens 
made  have  been  upon  very  small  specimens, 
such  as  small  cubes  under  compression, 
whilst  the  recorded  results  vary  with  each 
set  of  experiments,  according  to  the  amount 
of  accuracy  capable  of  being  arrived  at  by  the 
machinery  made  use  of,  as  well  as  the  skill 
and  care  with  which  the  experiments  were 
made  and  recorded. 

If  we  take  a  stone  which  has  been  more 
largely  used,  perhaps  than  any  other 
namely,  Portland,  we  learn  from  Barlow 
that  its  crushing  strength  ranges  from 
about  1,384  lbs.  to  4,000  lbs.  per  sq.  in., 
whilst  in  the  experiments  made  by  this 
Institute,  and  recorded  in  your  sessional 
papers  for  1864,  the  mean  resistance  to 
crushing,  per  sq.  in.,  arrived  at  was, 
for  2-in.  cubes,  2,576  lbs. ;  for  4-in.  cubes, 
4,099  lbs.  ;  and  for  6-in.  cubes,  4,300  lbs. 

According  to  Pennie  its  crushing  strength 
may  be  taken  as  3,729  lbs.  per  sq.  in.,  which 
has  been  followed  by  Molesworth  in  his 
"  Hand-Book,"  whilst  in  Hurst's  "  Hand- 
Book"  it  is  given  as  2,022  per  sq.  in. 

Now  the  many  varieties  of  Portland 
stone,  apart  from  any  different  method  or 
course  pursued  in  making  the  experiments, 
and  the  amount  of  seasoning  the  blocks  had 
undergone,  all  points  which  should  be  care- 
fully recorded,  would  fully  account  for  the 
manifest  discrepancies  between  these  re- 
sults ;  in  addition  to  which,  the  direction  of 
the  natural  bed  of  the  stone, .  which  in  a 
small  block  of  Portland  might  escape  detec- 
tion, would  no  doubt  make  a  considerable 
difference.  For  instance,  turning  to  some 
experiments  by  Mr.  Kirkaldy  on  the  resist- 
ance to  thrust  of  Doulting  stone  (a 
Somersetshire  oolite),*  which  I  believe  to 
be  the  only  known  experiments  on  this 
point — if  we  except  two  on  York  paving 
and  Bramley  Fall  stone,  recorded  by  Pen- 
nie, in  which  the  crushing  strength  both 
with  and  against  the  strata  is  given  as 
precisely  the  same,  a  coincidence  too  good  to 
be  true — the  advantage  of  laying  the  stones 
on  their  natural  beds  is  considerable,  in- 
creasing rapidly  with  the  increase  in  height 

*  Given  recently  in  our  pages. — Ed. 
Vol.  VII. — No.  3—17 


of  the  block,  in  proportion  to  its  sectional 
area ;  which,  I  think,  is  what  we  should 
naturally  be  led  to  expect,  if  we  look  upon 
the  block  as  approximating  more  or  less, 
according  to  the  amount  of  lamination  in 
the  stone,  to  a  number  of  thin  columns 
placed  side  by  side.  More  experiments,  on 
a  larger  variety  of  stones,  are  much  wanted 
to  throw  additional  light  on  this  subject. 

With  regard  to  the  supposition  that  the 
crushing  strength  of  stone  increases  with 
the  size  of  the  blocks  under  trial,  there  has 
yet  been  too  little  proof  put  forward  on 
which  to  lay  down  any  law.  In  fact,  the 
few  experiments  made  by  Mr.  Kirkaldy, 
bearing  on  this  subject,  some  of  the  results 
of  which  have  been  placed  at  my  disposal, 
go  to  prove  that  there  is  no  increase  in  the 
resistance  to  crushing,  consequent  upon  in- 
crease in  the  size  of  the  blocks. 

With  regard  to  another  of  the  oolites, 
namely  Bath  stone,  there  is,  I  think,  a  good 
deal  of  misconception,  which  a  careful  series 
of  experiments  would  soon  clear  up.  For 
instance,  Farleigh  Down,  being  a  little 
more  expensive  than  Box  Ground  stone,  is 
very  generally  looked  upon  as  the  best  and 
strongest  description  of  Bath  stone  for  out- 
door use,  and  is  accordingly  very  often  in- 
sisted on  in  specifications,  the  fact  being  that, 
on  account  of  the  stone  being  more  difficult 
to  get  out  of  the  quarries,  especially  in 
large  blocks,  the  price  runs  a  little  higher, 
whilst  in  strength  or  endurance  it  is  not 
known  that  it  can  claim  any  precedence 
over  Box  Ground  stone.  From  the  experi- 
ments already  referred  to  as  recorded  in 
your  sessional  papers,  it  would  appear  that 
Corsham  stone  is  considerably  stronger  than 
Box  Ground,  though  this  is  opposed  to  the 
results  of  other  experiments.  The  dura- 
bility of  Bath  stone  mainly  depends  on  its 
being  placed  on  its  natural  bed,  which 
can  only  be  detected  by  an  experienced 
eye,  or  by  working  the  stone  ;  though  when 
not  so  placed  it  soon  reveals  the  secret, 
especially  where  exposed  to  the  weather, 
by  its  cracking  and  peeling  away  on  the 
face. 

Much  also  depends  on  its  being  well 
seasoned,  or  air  dried,  before  being  put  into 
the  work  ;  therefore  the  stone  should  only 
be  got  from  quarry-owners  who  keep  large 
stocks  of  seasoned  stone  on  hand.  If  quar- 
ried in  the  spring  of  the  year,  and  stacked 
at  open  order  during  the  summer  weather, 
it  is  doubtful  whether  Corsham  stone  is  not 
well  able  to  resist  the  weather,  though  it  is 
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generally    considered   only  fit   for   in-door 
work. 

Artificial  drying,  which  has  sometimes 
heen  resorted  to,  should  not  be  allowed.  In 
one  case  a  large  quantity  of  picked  Bath 
stone,  which  had  been  dried  by  heat,  had 
to  be  condemned,  and,  I  believe,  led  to  a 
lawyer's  bill,  in  consequence  of  the  break- 
ing up  of  the  stone  under  exposure  to  the 
weather,  owing,  I  fancy,  to  the  unequal 
contraction  and  expansion  of  the  dried  and 
hardened  surfaces,  and  the  soft  and  green 
interiors  of  the  blocks.  I  have  seen  stone, 
which  had  worn  well  exposed  to  the  weath- 
er, crumble  away  on  being  shifted  to  the 
inside  of  a  house. 

With  regard  to  sandstones,  the  informa- 
tion contained  in  architectural  and  engineer- 
ing hand-books  is  next  to  nothing  ;  in  fact, 
in  Moles  worth  the  whole  subject  of  sand- 
stones is  comprised  in  the  information  that 
their  crushing  strength  is  5,000  lbs.  to  the 
square  inch,  which,  being  an  easy  round 
number  to  remember,  might  with  equal 
reason  be  adopted  as  the  crushing  strength 
of  all  stones. 

Very  little  is  known  with  regard  to  the 
transverse  strength  of  different  kinds  of 
stone,  though  there  is  no  doubt  that  some 
are  much  more  capable  than  others  of  taking 
a  bending  stress. 

Stone  is  a  material  specially  unsuited  to 
resist  any  stress  except  compression,  and  it 
is  the  true  appreciation  of  the  nature  of 
stone  as  a  building  material,  by  the  almost 
exclusive  use  of  it  to  the  best  advantage, 
namely,  under  compression,  by  the  Mediaeval 
builders,  that,  to  my  mind,  marks  their  great 
superiority,  as  scientific  builders,  over  their 
predecessors  of  more  refined  classic  ages. 

In  practice,  however,  we  constantly  find 
stone  subjected  to  bending  stress,  and  that 
further  information  under  this  head  is  re- 
quired, struck  me  very  forcibly  some  little 
time  ago  on  seeing  some  stone  stairs,  two 
stories  high,  being  carefully  propped  up 
with  wood,  many  of  the  steps  having  split 
right  across  close  up  to  the  wall.  The  steps 
were  feather-edged,  of  Portland  stone,  11^ 
in.  treads,  and  0^  in.  risers,  and  had  been 
exposed  to  the  ordinary  traffic  of  an  office 
for  about  62  years.  The  treads  being  much 
worn,  a  mason  had  been  at  work  cutting 
them  down  at  the  top,  preparatory  to  fixing 
an  iron  nosing,  and  filling  the  treads  up 
level  with  asphalt,  when  the  step  he  was  at 
work  on  cracked  close  up  to  the  wall,  prob- 
ably from  the  jarring  caused  by  the  strokes 


of  the  chisel ;  shortly  after,  several  of  the 
steps  above  cracked  too,  being  no  longer 
supported  by  those  below,  and  being  evi- 
dently unequal  to  do  the  work  suddenly 
thrown  upon  them.  Stairs  with  the  steps 
only  supported  in  the  wall  at  one  end  are  of 
constant  occurrence,  and  serious  accidents 
have  sometimes  occurred  from  their  sudden 
failure. 

Enough  has  been  said,  I  think,  to  prove 
that  more  knowledge  is  required  as  to  the 
special  qualities  of  different  kinds  of  stone, 
and  their  applicability  to  particular  uses ; 
but  there  is  still  another  point  about  which 
there  is  not  at  present  any  certain  knowl- 
edge, namely,  to  what  extent  the  shape  to 
which  stones  are  cut,  and  the  manner  in 
which  they  are  bedded,  affects  their  strength. 

I  have  the  details  of  one  or  two  interest- 
ing experiments  to  ascertain  the  effects  of 
lead  placed,  as  is  frequently  done,  between 
the  joints  of  cut  stone  columns,  etc.,  with 
the  object  of  distributing  the  stress  uniform- 
ly over  the  beds  of  the  stone.  The  experi- 
ments were  made  upon  circular  blocks  of 
Bath  stone  (Box  Ground  and  bottom-bed 
Corsham  Downs)  3  ft.  long  by  10.^  in.,  and 
15  in.  diameter,  or  one  set  twice  the  area  of 
the  other ;  the  lead  being  cut  2  in.  less  in 
diameter  than  the  beds  of  the  stone  them- 
selves. The  results  point  to  the  conclusion 
that  lead  so  placed  between  the  beds  of  the 
stones,  reduces  the  bearing  strength  of  a 
column  to  considerably  less  than  that  of  a 
column  of  only  half  its  sectional  area,  in 
which  the  stones  are  completely  bedded. 
On  examining  the  sheets  of  lead  used  in  the 
joints,  they  seem  to  have  been  under  com- 
pression at  a  very  few  points  only,  and  not 
to  have  in  any  way  tended  to  equalize  the 
pressure  over  the  area  of  the  joints.  These 
experiments  also  seem  to  indicate  that  rak- 
ing out  the  joints  of  cut  stone  work,  to  save 
the  arrises  in  cases  of  any  compression  of 
the  joints,  when  bedded  in  mortar,  should 
not  be  carried  too  far.  Such  questions  are, 
at  any  rate,  worth  investigation. 

In  all  experiments  upon  stone,  it  is  es- 
sential to  know  the  exact  description  of  the 
stone,  the  quarry  it  came  from,  and,  if  pos- 
sible, the  particular  bed  in  the  quarry. 
The  time  the  specimen  has  been  quarried 
should  be  stated,  as  some  stones  when 
green  will  stand  very  little  stress,  but  hard- 
en considerably,  in  a  longer  or  shorter 
time  when  exposed  to  the  air.  If  the  spe- 
cific gravity,  or  weight  per  cubic  foot,  of 
the  specimen  were  given,  it  would  afford 
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some  clue  to  the  state  of  the  specimens  ex- 
perimented on. 

While  on  the  subject  of  stone,  I  may  re- 
fer to  an  artificial  stone,  widely  used  in 
the  present  day,  viz.,  concrete.  I  think  you 
will  agree  with  me  that  a  series  of  care- 
fully-made experiments  on  the  strength  of 
different  kinds  of  concrete  would  be  of 
great  value,  under  varying  conditions,  as  to 
the  nature  of  the  lime  and  cement  used, 
the  description  of  ballast,  proportion  of 
large  and  small  stuff,  and  mode  of  mix- 
ing. 

With  good  Portland  cement,  well  burnt 
and  well  ground,  I  should  use  with  confi- 
dence for  ordinary  foundations  twelve  bal- 
last to  one  cement,  provided  I  was  sure  of 
its  being  properly  mixed  ;  but  with  ordinary 
workmen,  not  properly  drilled  in  mixing 
the  materials,  ten  to  one  would  probably 
be  more  advisable.  It  would  be  well  to 
know  how  much  the  strength  of  concrete  is 
effected  by  the  different  methods  of  mixing 
in  vogue.  For  my  own  part,  I  should  in- 
sist upon  the  mixing  being  performed  as 
follows  :  A  yard  measure  to  be  half-filled 
with  ballast,  then  the  measure  of  cement  to 
be  added,  and  the  yard  measure  filled  up 
to  the  top  with  ballast.  On  removing  the 
measure  the  ingredients  get  partly  mixed, 
and  the  cement  does  not  get  blown  about 
so  much  as  when  placed  at  the  top  of  the 
heap ;  it  should  then  be  turned  over  twice 
dry,  and  shovelled  into  a  third  heap,  each 
shovelful  being  sprinkled  from  the  fine  rose 
of  a  watering-can  as  it  is  thrown  on  the 
heap,  whence  it  may  then  be  removed  to 
the  trenches.  This  block  has  been  broken 
with  a  pick  out  of  a  newly-built  dock-wall, 
in  which  12  to  1  Portland  cement  concrete, 
mixed  in  the  manner  described,  was  em- 
ployed, and  I  think  it  is  strong  enough  for 


any  foundations.  In  making  experiments, 
the  mixing  should  be  done  in  bulk,  at  least 
half  a  yard  cube,  being  mixed  at  a  time, 
and  not  in  small  quantities,  which  are  more 
carefully  prepared  than  would  be  the  case 
in  practice ;  and  the  blocks  should  be  at 
least  12-in.  cubes. 

Passing  from  concrete  to  mortars,  the  re- 
sults of  some  experiments  made  for  the 
Patent  Selenitic  Mortar  Company  show 
that,  in  mortar  made  with  common  stone 
lime,  Burham  or  grey  chalk  lime,  similar 
to  Dorking  lime,  was  used ;  3  sand  makes  a 
stronger  mortar  than  only  2  sand,  and 
stronger  again  than  4  sand ;  which  is  prob- 
ably due  to  3  to  1  being  about  the  point  at 
which  more  sand  would  weaken  the  cohe- 
sive and  adhesive  properties  of  the  mortar 
to  a  greater  extent  than  its  setting  or  hard- 
ening would  be  promoted  by  increasing 
its  porosity.  With  selenitic  mortar,  5  sand 
was  the  best  mixture  to  resist  thrust,  then 
4,  then  6  sand  ;  but,  for  adhesion  and  to 
resist  tensile  stress,  4,  and  then  6,  and  then 
5  sand.  From  which  we  gather  that  3  to  1 
is  the  best  proportion  of  sand  to  stone  lime 
in  common  mortar,  and  6  to  1  in  selenitic 
mortar,  since  the  latter  gives  a  mortar  pos- 
sessing double  the  strength  of  common 
stone  lime  mortar.  However,  in  using  the 
selenitic  mortar  at  Chatham  lately,  6  to  1 
was  not  found  to  give  such  good  practical 
results  as  4  and  5  to  1,  which  is  being  now 
used.  Although  the  6  to  1  mortar  set  very 
hard,  it  was  so  short  that  it  took  longer  to 
work,  the  loss  of  time  outweighing  the  sav- 
ing of  sand.  The  proportions  now  being 
used  are  4  to  1  for  exterior  work,  and  5  to 
1  in  the  body  of  the  walls.  Mr.  Street  has, 
I  believe,  had  some  further  experiments 
made  with  the  selenitic  mortar  in  connec- 
tion with  the  New  Law  Courts. 


Results  of  Experiments  to  ascertain  the  Reslstmce  to  Thrusting  Stress  of  Six  Cubes  of  Bed 
Sandstone  (bed  led  with  Pine    \  v.  Hack). 
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Inches.            Sq  ins 

5.98    5.95  X  5.93   35.28 

5  95    5.95  x  6  00:  35.70 

12.00  11.96x12.02143.76 

Lbs. 

85,270 

84,420 

346,620 

Mean . . 

83,520 

81,270 

323,880 

Mean . . 

Lbs. 
2,416 
2.356 
2,411 

Tons. 
155.4 
151  5 
155.1 

Lbs. 
118,160 
117,720 
443,930 

Mean . . 

93.870 

92,580 

358,230 

Mean . . 

Lbs. 
3,349 
3,298 
3,0SS 

Tons. 
215  3 
212.1 
198.6 

2,394 

154.0 

149  7 
116.6 
145.9 

3,245 

208  6 

1,895 

1,894 
1,896 

5.94    6.00 X  5  98 

5  90    5  94x  6.00 

12.00  12.00x11.90 

35  88 
35  64 
142  80 

2,328 
2,280 
2,268 

2,617 
2.599 
2,509 

168  3 
167  1 
161  3 

2,292 

147.4 

2,575 

1C5.6 
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Results  of  Experiments  to  ascertain  the  Resistance 
to  a  gradually  increased  Thrusting  Stress  of 
Four  Columns  of  Bath  Stone. 


BOTTOM  BED    CORSUAM. 


"  BOX   GROUND." 


Ex.  577,- 


Diameter 


10.41 
10.73 


=  10.57  in. 


Area,  87.70  sq  in.     Length,  35.06  in.* 
61,730  lbs.,   or   27.56  tons  =  704  lbs.    per    sq. 
in.     Cracked   at  both  ends   of  column,  and    very 
rapidly  extended  the  whole  length ;  part  of  lead 
at  one  end  not  marked. 

1,089  lbs.  per  sq.  in.  of  lead  area. 

Ex.  578,— 

Diameter 


14.97 
15.03 


=  15.00  in. 


Area,  176.71  sq.  in.     Length,  34.52  in* 

10,680  lbs.  =  570  lbs.  per  sq.  in. :  very  slightly 
or<ick6CL 

143,950  lbs.,  or  64.25  tons  =  815  lbs.  per  sq.  in. 
Cracked  in  all  directions ;  lead  at  both  ends  uni- 
formly marked. 

1,084  lbs.  per  sq.  in.  of  lead  area. 


Ex.  579,— 

Diameter 


=  14.96  in. 


14.94 
14.98 
Area,  175.68  sq.  in.     Length,  34.92  in* 

97,920  lbs.  or  43.71  tons  =  556  lbs.  per  sq.  in. 
Very  slightly  cracked. 

120,730  lbs.  or  53.90  tons  =  687  lbs.  per  sq.  in. 
Only  one-half  of  circumference  cracked.     Mark- 
ings on  lead  prove  that  the  ends  had  not  been 
formed  quite  true. 
Ex.  580,— 

Diameter    j    JJJ-jg    I    =  10.57  in. 

Area,  87.70  sq.  in.     Length,  34.92  in.f 

122.280  lbs.,  or  54.60  tons  =  1,394  lbs.  per  sq. 

in.     Very  slightly  cracked  at  one  end. 

130,810  lbs.,  or  58.39  tons  =  1,499  lbs.  per  sq. 

in.      One  end  uniformly  cracked   all  round,   the 

other  end  but  slightly. 

The  last  two  experiments  reveal  the 
startling  and  important  fact  that  a  column 
properly  bedded  is  very  considerably 
stronger  than  one  of  double  the  area  im- 
properly bedded. 


FORCE  AND  ENERGY— THE  CONSERVATION  OF  ENERGY  A 
FACT,  NOT  A  HERESY  OF  SCIENCE. 

By  CHARLES  BROOKE. 

From  "  Nature." 


In  an  article  entitled  "  The  Heresies  of 
Science,"  published  in  a  recent  number  of 
the  "London  Quarterly  Review,"  two  wide- 
ly different  principles  are  oddly  linked  to- 
gether as  heretical  dogmas,  the  doctrine  of 
Evolution,  and  the  Conservation  of  Energy. 

On  the  doctrine  of  Involution  the  writer 
has  nothing  to  say. 

Before  discussing  with  the  "  Reviewer  " 
the  validity  of  the  Conservation  of  Energy, 
it  is  quite  necessary  to  define  the  terms 
which  may  be  employed,  such  as  Eorce, 
Energy,  Potential,  Sound,  Light,  Heat. 

It  is  much  to  be  regretted  that  a  far 
greater  degree  of  logical  accuracy  in  the 
use  of  terms  than  is  usually  met  with,  does 
not  exist  amongst  even  the  ablest  writers 
on  physics,  for  many  of  the  arguments  ad- 
duced against  physical  principles  he  not 
against  the  principles  themselves,  but 
against  the  indefinite  language  in  which 
they  have  from  time  to  time  been  expressed. 
There  is  probably  no  term  employed  in 
physics  that  has  been  more  misapplied,  and 
in  its  misuse  has  led  to  greater  confusion  of 
ideas,  than  "  force." 


*  Bedded  with  4  lbs.  sheet  lead,  cut  2  in.,  less  diameter  than 
olumn  according  to  instructions. 


Force  has  been  thus  defined  by  our  ablest 
modern  physicist :  %  "  What  I  mean  by  the 
word  force  is  the  source  or  sources  of  all 
possible  actions  of  the  particles  or  materials 
of  the  universe." 

This  definition  of  force  is  substantially 
the  same  as  the  writer's  definition^  to  which 
the  reviewer  takes  exception,  but  which  may 
perhaps  with  advantage  be  thus  amplified : 
Eorce  is  a  mutual  action  between  the  atoms 
or  molecules  of  matter,  by  which  they  are 
either  attracted  toAvards,  or  repelled  from, 
each  other;  and  by  this  action  energy  is 
imparted  to  the  matter  put  in  motion.  It 
may  be  further  remarked  that  force  is  essen- 
tially either  attractive  or  repulsive. 

The  writer  sees  no  reason  to  amend  his 
definition  of  "  Energy" — namely,  that  it  is 
the  power  of  doing  loork.  It  may,  however, 
be  remarked  that  the  existence  of  energy  in 
matter  implies  the  existence  of  motion,  and 
vice  versa ;  but  it  by  no  means  follows  that 


*  Bedded  with  4  lbs.  sbeet  lead,  cut  2  in.,  less  diameter  than 
column  according  to  instructions. 

t  Bedded   with  pine    %   in.  thick,  cut  to  same  diameter  as 
column,  as  always  recommended  by  me. 

t  Faraday,  MSS.     Croonian  Lectures  on  Hatter  and  Force, 
by  H.  Bence  Jones,  M.D.,  p.  35. 

"§  Introductory  chapter  to  the   Sixth   Edition  of  "The  Ele- 
ments of  Natural  Philosophy." 
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motion  and  energy  are  convertible  terms, 
for  motion  means  only  the  act  of  moving, 
or  changing  the  position  occupied  in  space. 

The  term  "  Potential "  applied  to  force  or 
energy  means  inactive,  but  capable  of  being 
called  into  action.  Thus,  if  a  weight  be 
raised,  a  certain  amount  of  energy  is  expend- 
ed in  raising  it,  and  so  long  as  the  body  is 
supported  the  energy  expended  in  raising  it 
remains  potential  in  it,  but  when  allowed  to 
fall  freely  in  vacuo  to  the  level  from  which 
it  was  raised,  the  body  acquires  exactly  the 
amount  of  energy  that  was  expended  in 
raising  it.  In  the  same  manner  the  repul- 
sive force  of  the  molecules  of  the  highly 
ignited  gases  into  which  gunpowder  is  re- 
solved by  ignition  may  with  equal  propriety 
be  said  to  be  potential  in  the  unignited 
powder. 

The  remarks  with  which  the  writer's  in- 
terpretation of  the  terms  "force"  and  "en- 
ergy "  have  been  met  by  the  reviewer  may 
here  be  appropriately  noticed.  Quoting  the 
introductory  chapter  already  referred  to,  he 
adds  :  "  His  doctrine  regarding  the  nature 
of  force  has  thus  no  connection  with  sound 
philosophy ;  by  force  Mr.  Brooke  evidently 
means  what  other  advocates  of  conservation 
mean  by  potential  energy."  Does  then 
sound  philosophy  consist  in  the  impossible 
task  of  agreeing  as  to  the  meaning  of  terms 
with  those  who  do  not  agree  amongst  them- 
selves ?  Or  is  sound  philosophy  monopoliz- 
ed by,  and  crystallized  in,  the  opinions  of 
the  reviewer?  Sound  philosophy  would 
seem  to  consist  rather  in  assigning  appro- 
priate meanings,  involving  no  inconsistency 
or  contradiction,  to  terms  of  frequent  occur- 
ence in  all  works  on  physics. 

If  the  above  definitions  of  force  and  en- 
ergy be  accepted,  it  is  obvious  that  the  term 
"force,"  as  used  by  Grove,  Tyndall,  and 
many  others,  means  sometimes  force  and 
sometimes  energy.  Thus,  for  example,  "the 
conservation  of  force "  becomes  a  simple 
truism,  for,  its  exercise  being  a  function  of 
matter,  force  must  necessarily  be  coeval 
with  matter.  The  reviewer  (p.  22)  thus 
quaintly  expresses  the  relations  of  force, 
energy,  and  motion:  "A  given  motion 
viewed  as  a  cause  is  force,  while  the  very 
same  motion  thought  as  an  effect  is  energy." 
Motion,  it  is  presumed,  can  mean  nothing 
else  than  the  act  of  moving ;  but  how  the 
act  of  moving,  whichever  way  we  look  at  or 
think  of  it,  can  either  produce  energy  or  do 
work,  it  is  difficult  to  conceive;  has  this 
"  any  connection  with  sound  philosophy  "? 


and  does  not  the  reviewer  here  himself 
"forget  that  each  thing  is  itself,  and  not 
something  else  ?"  (p.  22,  1.  89). 

The  writer  would  commend  to  the  serious 
attention  of  his  brother-physicists  the  above 
definitions ;  he  would  also  submit  the  fol- 
lowing definitions  of  sound,  light,  and  heat, 
the  former  of  which  has,  however,  been 
elsewhere  declared  incapable  of  definition,* 
as  well  as  by  the  reviewer  (p.  22).  Sound  may 
be  defined  to  be  the  impression  produced  by 
certain  vibratory  movements  of  matter  upon 
appropriate  sensuous  organs,  including  both 
the  receptive  and  perceptive  apparatus. 
Whether  the  tympanum  be  incapable  of 
receiving  sonorous  vibrations,  or  whether  it 
vibrate  sympathetically  while  the  structures 
of  the  internal  ear  are  incapable  of  appre- 
ciating its  vibrations,  there  can  be  no  sound. 

And  why  may  not  the  same  definition 
apply  to  light  and  heat  ?  It  is,  in  fact,  far 
from  improbable  that  the  perceptions  of  light 
and  heat  may  result  from  the  impressions 
produced  by  the  same  identical  vibrations 
on*  different  perceptive  organs  ;  that  of  light 
on  the  eye  and  its  nervous  appendages,  that 
of  heat  on  the  organs  of  common  sensation. 
In  common  parlance,  the  terms  sound,  light, 
heat,  will  doubtless  continue  to  be  applied 
indiscriminately  to  the  vibratory  motion 
producing,  and  to  the  impressions  produ- 
ced ;  and  to  this  there  can  be  no  objection, 
provided  no  advantage  be  taken  of  the  mis- 
nomer to  found  thereon  an  assumption  of 
the  identity  of  the  proximate  cause  and  the 
resulting  effect. 

The  reviewer  has  sought  to  kill  two  birds 
with  one  stone,  and  has  made  a  vigorous 
onslaught  against  the  conservation  of  energy 
in  general,  and  the  writer  in  particular,  re- 
garding the  theory  of  latent  heat;  but  it 
may  reasonably  be  questioned  how  far 
"  sound  philosophy  "  is  shown  in  attempt- 
ing to  convict  an  author  of  admitting  an 
insuperable  difficulty  in  the  adoption  of  a 
given  principle  by  quoting  his  statement  of 
the  difficulty,  and  coolly  suppressing  his 
immediately  subsequent  explanation  of  it. 
He  thus  quotes  the  writerf: — "  Latent  heat 
has  ever  been  held  upas  the  great  stumbling- 
block  of  the  dynamic  theory,  because  it  is 
impossible  to  conceive  motion  to  be  reduced 
to  a  state  of  quiescence,  but  remaining  still 
ready  to  start  again  into  action." 


*  "A  logical  definition  of  sound  is  impossible."  Dr.  M'Oann 
on  "  Force  and  its  Manifestations,"  a  paper  lately  read  belore 
the  Victoria  Institute. 

t  Elements  of  Natural  Philosophy  (p.  786). 
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But  instead  of  continuing  the  quotation 
thus  :  "  This,  however,  is  merely  a  confu- 
sion of  ideas,  the  fact  being  that  when  any 
substance  passes  from  the  solid  to  the  liquid, 
or  from  the  liquid  to  the  gaseous  form,  a 
certain  portion  of  the  impressed  heat-force 
is  continuously  occupied  in  overcoming 
molecular  attraction,  and  thereby  effecting 
the  change  of  form  ;  and  this  heat  cannot 
be  imparted  to  other  bodies  so  long  as  it  is 
occupied  in  maintaining  that  change,"  he 
ventures  to  state :  "In  this  we  quite  agree, 
and  hence  we  think  it  unnecessary  to  give 
Mr.  Brooke's  reasons  for  believing  a  doctrine 
which  he  allows  to  be  inconceivable  "  !  !  ! 
Whether  "  sound  philosophy  "  or  not,  is 
this  common  literary  honesty  ?  What  Mi- 
Brooke  allows  to  be  inconceivable  is  obvi- 
ously not  the  doctrine  itself,  but  the  conclu- 
sion drawn  from  fallacious  arguments  ad- 
duced in  opposition  to  it ;  for  to  assign 
reasons  for  believing  what  one  allows  to  be 
inconceivable  would  be  nothing  less  than 
pure  and  simple  evidence  of  mental  aliena- 
tion. 

The  fact  is  that  the  term  "  latent  heat  "  is 
an  unfortunate  one,  and  has  mystified  the  re- 
viewer as  well  as  many  others.  It  ought  long 
ago  to  have  been  consigned  to  the  limbo  of 
discarded  hypotheses,  together  with  the 
material  or  corpuscular  theory  of  heat  from 
which  it  arose.  If  heat  consisted  of  material 
particles,  it  might  be  supposed  to  become 
latent  among  the  molecules  of  grosser  mat- 
ter, just  as  a  handful  of  shot,  if  dropped 
into  a  box  full  of  marbles,  would  he  hid 
amongst  them,  and  be  lost  to  sense,  and 
would  so  remain  until  shaken  out  again  ; 
but  mere  vibratory  motion  cannot  be  theo- 
retically dealt  with  in  this  fashion. 

A  much  better  term  would  be  engaged  or 
occupied  heat,  for  the  so-called  latent  heat 
is  wholly  engaged  or  occupied  in  maintain- 
ing the  change — first  from  the  solid  to  the 
fluid  state,  and  secondly  from  the  fluid  to 
the  gaseous.  The  facts  are  very  plain  :  a 
pound  of  water  at  the  temperature  of  0  deg. 
C,  or  the  freezing  point,  mixed  with  a 
pound  of  water  at  79  deg.,  yields  two  pounds 
at  the  mean  temperature  of  89.5  deg.  :  but 
a  pound  of  ice  or  dry  snow  at  the  tempera- 
ture of  0  deg.,  mixed  with  a  pound  of  water  at 
79  deg.,  yields  two  pounds  of  water  at  0  deg., 
because  the  79  deg.  of  sensible  heat  in  the 
water  are  now  employed  or  occupied  in 
maintaining  such  an  amount  of  vibratory 
m  )tion  in  the  molecules  of  the  ice,  that  they 
are  no  longer   able  to  obey   that  polar  at- 


traction by  which  they  were  previously 
aggregated  together  in  given  directions  so 
as  to  form  crystals  (for  though  not  so  evi- 
dent in  ice,  the  crystalline  character  of  snow 
is  notorious),  and  the  heat-energy,  being 
thus  occupied  in  doing  work,  is  incapable 
of  doing  any  other  work,  as  for  example  on 
the  organs  of  sensation,  at  the  same  time ; 
on  the  principle  that  you  cannot  "  eat  your 
cake,  and  have  it  too."  The  same  reasoning 
applies  to  the  change  from  the  fluid  to  the 
gaseous  state  ;  but  in  this  case  a  much  lar- 
ger amount  of  thermic  energy  is  employed 
in  so  far  removing  the  molecules  from  the 
sphere  of  each  other's  attractions  that  the 
balance  of  their  mutual  forces  is  repulsive, 
and  so  long  as  that  repulsion  is  maintained, 
the  dry  steam  manifests  all  the  properties 
common  to  the  fixed  gases.  "  Latent"  heat, 
then,  when  properly  understood,  ceases  to 
be  a  "  stumbling-block  to  the  dynamic 
theory  of  heat." 

One  finds  one's  self  occasionally  brought 
by  circumstances  into  an  unwelcome  gener- 
alization. Thus  the  reviewer,  speaking 
of  the  supporters  of  "  conservation "  in 
the  lump,  says  (p.  21),  "  they  take  it 
for  granted  that  force  is  motion  and 
nothing  but  motion."  This  the  writer 
entirely  and  absolutely  denies.  The  re- 
viewer then,  immediately  preceding  his 
observations  on  the  writer's  views,  quotes 
from  Prof.  Bain  that  "  Inert  matter  in  mo- 
tion is  force  under  every  manifestation." 
This  is  plainly  an  abuse  of  language,  in 
which  the  writer,  as  one  of  the  "  they,"  de- 
clines to  participate ;  inertness  and  force  are 
hardly  concomitant  ideas,  and  matter, 
whether  in  motion  or  at  rest,  is  assuredly  not 
force.  The  term  heat-potential  adopted  by 
Mr.  Rankine  is  admissible  only  in  relation 
to  heat  as  previously  defined  ;  the  thermic 
energy  can  hardly  be  termed  potential 
while  it  is  employed  in  doing  work. 

The  reviewer  (p.  19)  quotes,  and  objects 
to,  the  explanation  of  latent  heat  offered  by 
Prof.Tait,  that  while  sensible  heat  is  motion, 
latent  heat  is  position.  The  writer  must 
acknowledge  his  inability  to  derive  any 
definite  idea  from  this  statement  of  Prof. 
Tait ;  he  cannot  therefore  express  either 
assent  or  dissent. 

The  writer  must  plead  guilty  to  having 
made  use  in  the  treatise  above  referred  to, 
in  common  with  many  others,  of  a  phrase 
which  is  not  strictly  accurate,  viz.,  that 
sound,  light,  heat,  and  electricity  are  modes 
of  motion.     It  would  be  more  exact  to  state 
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that  they  are  so  many  forms  of  energy,  or 
effects  due  to  matter  affected  by  certain 
modes  of  motion. 

It  is  rather  surprising  that  the  reviewer 
should  have  ventured  to  dogmatize  on  the 
very  slender  knowledge  either  of  physical 
facts  or  hypotheses  that  he  evidently  posses- 
ses. Thus  he  states  (p.  33,  note)  regarding 
the  investigations  of  Dr.  Joule  : — 

"  By  means  of  machinery  a  weight  of  772 
lbs.  is  made  to  turn  a  small  paddle-wheel 
placed  in  one  pound  of  water.  Dr.  Joule 
found  that  the  descent  of  the  weight  with 
a  given  velocity  through  1  ft.  raised  the 
temperature  of  the  water  exactly  1  deg.  F." 
Now  this  small  sentence  contains  a  curious 
concatenation  of  errors.  Dr.  Joule  never 
employed  a  weight  of  772  lbs.,  for  the 
weights  he  employed  were  all  under  30  lbs.; 
he  never  employed  the  energy  acquired  by 
his  descending  weights  in  stirring  an  exact 
pound  of  water,  for  the  stirring  vessel  was 
not  constructed  to  hold  that  particular  quan- 
tity ;  neither  did  he  find  that  the  descent 
of  the  weight  with  a  given  velocity  raised 
the  water  exactly  1  deg.  F.,  for  the  velocity 
of  descent  has  nothing  whatever  to  do  with 
the  result ;  since  precisely  the  same  amount 
of  energy  is  acquired  by  a  body  in  descend- 
ing through  the  space  of  1  ft.  by  the  ac- 
tion of  gravitation,  whether  one  minute  or 
one  month  were  occupied  in  the  descent. 
For  the  sake  of  convenience,  and  in  order 
to  avoid  a  source  of  error,  it  was  desirable 
only  that  the  weights  should  descend  slowly, 
and  with  a  tolerably  uniform  velocity. 

So  much  for  the  reviewer's  knowledge  of 
facts ;  now  as  to  his  knowledge  of  theories. 
He  writes  (p.  31): — 

"  The  supporters  of  the  doctrine  of  the 
indestructibility  (?  conservation)  of  energy 
have  adopted  a  method  the  reverse  of  scien- 
tific. They  start  with  the  assumption  of 
perpetual  motion  means  of  transformation. 
In  order  make  facts  fit  their  hypothesis,  they 
take  for  granted  that  heat,  light,  electricity, 
and  magnetism  are  modes  of  motion,  but 
not  requiring  a  material  basis  to  account 
for  their  phenomena.  Some,  however,  seem 
to  be  aware  that  motion  of  necessity  implies 
something  moving,  and  that  this  something 
must  be  matter  in  some  of  its  forms,  and 
that  consequently  it  is  a  great  mistake  to 
suppose  that  the  dynamical  theory  is  incon- 
sistent with  the  materiality  of  heat.  Find- 
ing that  they  have  been  a  little  too  hasty 
in  getting  rid  of  the  old  imponderables, 
they  are  now  quietly  bringing  them  back 


under  a  new  name,  hoping,  doubtless,  that 
their  few  remaining  friends  may  not  be 
able  to  recognize  them.  Instead  of  the 
'  imponderables  '  Ave  now  have  the  '  luminif- 
erous  ether '  which  fills  stellar  space,  and 
even  permeates  all  the  grosser  forms  of 
material  existence." 

This  sentence  expresses  a  gross  misre- 
presentation of  the  course  of  philosophic 
thought.  Can  the  reviewer  point  out  a 
single  physicist  who  for  a  moment  doubts 
that  "motion  of  necessity  implies  something 
moving,  and  that  this  something  must 
be  matter  in  some  of  its  forms  ?  "  It  is  an 
axiom  that  not  "some"  but  all  must  ob- 
viously admit.  When  it  was  supposed  that 
light  and  heat  consisted  of  material  particlts 
projected  with  immense  velocity  from  their 
radiant  sources,  and  that  electricity  and 
magnetism  were  "fluids"  travelling  with 
similar  velocity,  it  might  be  assumed  that 
inter-stellar  space  is  an  absolute  vacuum ; 
but  when  the  progress  of  physical  knowl- 
edge developed  phenomena  which  were 
partially  or  wholly  incapable  of  explanation 
on  this  hypothesis  (such  as  diffraction  and 
interference,  and  subsequently  those  of  the 
polarization  of  light  and  heat),  but  wh'ch 
became  perfectly  intelligible  on  the  hjq  o- 
thesis  that  these  forms  of  energy  consisted 
in  vibratory  molecular  motion  transmitted 
with  the  same  great  velocity,  the  existence 
of  a  highly  attenuated  and  elastic  medium 
as  the  denizen  of  infinite  space,  became  a 
necessary  part  of  the  theory  ;  and  this,  in 
unavoidable  ignorance  of  its  precise  nature, 
was  termed  "  ether."  Hence,  in  direct 
opposition  to  the  reviewer's  statement, 
physicists  take  for  granted  that  "  light 
heat,  electricity,  and  magnetism "  do  re- 
quire a  "  material  basis  "  (that  is,  matter 
as  a  means  of  their  transmission)  "  to  ac- 
count for  their  phenomena  ; "  and  his  dic- 
tum about  physicists  getting  rid  of  the  old 
imponderables,  and  now  bringing  them  back 
again,  is  unmitigated  nonsense. 

The  attribute  of  imponderability  has  been 
ascribed  to  the  hypothetical  substance 
"  ether  "  by  many  physicists  who  hold  that 
it  monopolizes  fche  property  of  transmitting 
the  waves  of  light  and  heat,  and  is  there- 
fore intersticially  deposited  in  all  kinds  of 
matter.  The  writer  is,  however,  more  in- 
clined to  believe,  with  Mr.  Justice  Grove, 
that  all  kinds  of  matter  are  susceptible  of 
these  vibratory  motions,  and  hence  that  the 
hypothesis  of  interstitial  ether  is  gratui- 
tous ;  his  reasons  for  such   opinion,    being 
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elsewhere  in  print,  need  not  be  here 
repeated.* 

It  may  be  further  suggested  that,  for  all 
that  is  positively  known  to  the  contrary,  all 
kinds  of  matter  may  possibly  be  susceptible 
of  a  fourth  state  or  condition,  which  may 
be  termed  the  "  ethereal,"  and  which  in 
tenuity  and  elasticity  may  be  as  far  beyond 
the  gaseous  as  the  gaseous  is  beyond  the 
fluid  state ;  possessing  also  the  mechanical 
properties  of  a  jelly,  rather  than  those  of  a 
gas. 

The  writer  can  hardly  be  expected  to  take 
up  the  cudgels  for  others  against  the  review- 
er ;  but  in  concluding  the  remarks  on  this 
point,  it  may  be  observed  regarding  the  re- 
viewer's emphatic  denunciation  of  an  alleg- 
ed discrepancy  between  Grove  and  Tyndall, 
that  the  discrepancy  exists  only  in  his  own 
misunderstanding  the  quotation  from  the 
"  Correlation  of  Physical  Forces,"  viz.,  that 
"  it  requires  no  great  stretch  of  imagination 
to  conceive  light  and  electricity  as  motions, 
and  not  as  things  moving,"  in  which  the 
writer  clearly  contrasts  the  undulatory  and 
corpuscular  theories,  as  commonly  under- 
stood. Enough  has  now  been  advanced  to 
show  that  the  reviewer  need  not  look  very 
far  from  home  for  a  conspicuous  example 
of  that  which  he  has  so  freely  attributed  to 
the  unhappy  physicists,  namely,  that  they 
do  but  "  darken  counsel  by  words  without 
knowledge  "  (p.  23). 

The  equivalence  of  dynamic  and  thermic 
energy  is  the  only  one  that  has  as  yet  been 
determined  quantitatively.  He  must  be  a 
bold  man  who  denies  that  the  sun  shines  at 
noonday  ;  and  scarcely  less  audacious  is  the 
assertion  of  the  reviewer  that  the  experi- 
ments of  Dr.  Joule  do  not  confirm  this 
equivalence.  Dr.  Joule  conducted  four  dis- 
tinct series  of  experiments, — three  series  on 
the  amount  of  thermic  energy  produced  by 
molecular  friction  in  stirring  respectively 
water,  oil,  and  mercury  ;  the  fourth,  on  that 
produced  by  the  friction  of  two  iron  surfaces 
against  each  other.  The  four  numerical 
results  accorded  very  nearly,  and  after  as- 
signing to  each  result  its  weight,  according 
to  its  estimated  liability  to  error,  he  deduced 
the  mean  value  of  772  foot-pounds  as  the 
dynamic  equivalent  of  thermic  energy,  f     In 


•  Lecture  on  Force  and  Energy,  delivered  at  the  Royal  In- 
stitution,  "Medical  Times  and  Gazette,"  July  8,  1871. 

fFor  the  sake  of  those  readers  who  are  not  already  familiar 
with  this  subject,  we  may  state  that  a  foot-pound  is  the 
amount  of  energy  acquired  by  a  weight  of  1  lb.  in  descend- 
ing through  the  vertical  space  of  1  ft.,  or,  in  other  words,  the 
amount   necessary  to  raise  1  lb.  1  ft ;  and  the  numerical  equiv- 


the  metrical  system,  in  which  the  units  of 
quantity  are  one  kilogramme,  one  metre, 
and  one  degree  in  the  centigrade  scale,  the 
above  equivalent  is  represented  by  421  dy- 
namic units,  which,  for  brevity's  sake,  we 
may  as  well  agree  with  the  French  in  call- 
ing "  dynams." 

The  reviewer,  in  ignorance  probably  of 
the  amount  of  labor  bestowed  on  this  sub- 
ject, seems  to  imagine  that  by  ignoring  Dr. 
Joule's  results,  he  has  demolished  the  basis 
of  thermodynamics  ;  but  if  so,  he  is  griev- 
ously mistaken.  It  is  a  remarkable  and 
unprecedented  confirmation  of  this  theory, 
that  the  numerical  results  arrived  at  by 
three  distinct  methods  of  investigation,  in 
the  hands  of  as  many  independent  physi- 
cists, should  be  found  to  agree  within  very 
narrow  limits  of  error. 

It  has  been  found  by  experiment  that  a 
less  amount  of  heat  is  required  to  raise  a 
gas  maintained  at  a  constant  volume  one 
degree  of  temperature,  than  when  the  gas 
is  allowed  to  expand  under  a  constant  pres- 
sure. Suppose,  for  example,  that  the  gas 
be  enclosed  in  a  vertical  cylinder  under  a 
piston  of  100  sq.  in.  area,  the  atmospheric 
pressure  on  this  piston  will  be  1,500  lbs., 
and  the  raising  this  piston  is  equivalent  to 
raising  a  weight  of  that  amount.  Dr.  J. 
R.  Mayer,  assuming  that  the  difference  in 
the  quantities  of  heat  in  the  two  cases  above 
mentioned  is  equivalent  to  the  work  done 
by  the  expanding  gas,  proceeds  to  determine 
the  numerical  value  of  these  equivalent 
quantities.  Taking  the  specific  heat  of  air 
to  be  0.267,  as  at  that  time  determined  by 
the  observations  of  De  la  Roche  and  Berard, 
he  found  the  dynamic  eqiuvalent  of  an  unit 
of  thermic  energy  to  be  367  dynams.  But 
if,  in  the  calculation  of  this  number,  the 
more  careful  and  accurate  subsequent  deter- 
mination of  the  specific  heat  of  air  by  Reg- 
nault  be  substituted,  namely,  0.2375,  the 
result  gives  as  the  equivalent  426  dynams  ; 
a  result  almost  identical  with  that  of  Dr. 
Joule,  but  based  on  purely  theoretical  con- 
siderations. 

Subsequently  M.  G.  A.  Hirn*  pursued  a 
course  of  observations  exactly  the  reverse 
of  that  of  Dr.  Joule, — namely,  to  determine 
the  amount  of  heat  converted  into  work  in 
the  steam-engine.  Taking  it  as  an  axiom, 
which  he  showed  to  be  in  strict  accordance 

alent  here  given  means  that  772  dynamic  units  are   equivalent 
to  the  amount  of  thermic  energy  required  to  raise  the  tempera- 
ture of  1  lb.  of  pure  water,  at  or  about  the  mean  temperature 
of  the  air,  1  deg.  of  Fahrenheit's  scale. 
*  Cosmos,  v.  22,  1863. 
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with  analytical  investigations,  that  the 
difference  between  the  heat  existing  in  the 
steam  as  it  enters  the  cylinder  and  that 
remaining  in  it  after  its  exit,  must  be  the 
thermic  equivalent  of  the  work  done  in  and 
by  the  engine  (which  difference  in  the  best 
constructed  engines  amounts  to  about  5  per 
cent,  of  the  total  heat  due  to  the  combustion 
of  the  fuel),  he  determined  the  value  of  one 
thermic  unit  to  be  425  dynams  ;  a  remark- 
able result,  and  intermediate  between  those 
previously  obtained  by  Mayer  and  Joule. 
In  the  face  of  such  overwhelming  concur- 
rent evidence  will  even  the  reviewer  be  still 
bold  enough  to  assort  that  the  conservation 
of  energy  is  a  myth  ? 

The  principle  of  the  dissipation  of  energy, 
as  a  corollary  to  that  of  its  conservation,  is 
of  course  equally  ignored  by  the  reviewer  ; 
but  as  his  remarks  on  that  point  have  no 
relation  to  anything  beyond  his  own  inner 
consciousness,  it  must  here  suffice  to  give 
a  familiar  illustration  both  of  the  conserva- 
tion and  the  dissipation  of  energy  in  the 
action  of  the  rifle-ball.  This  reaches  the 
target  with  less  velocity,  and  consequently 
with  less  energy,  than  it  possessed  on  leav- 
ing the  muzzle  ;  a  portion  of  its  energy  has 
been  expended  in  producing  heat  by  fric- 
tion against  the  particles  of  air  between 
which  it  passes,  which  is  dispersed  through 
the  surrounding  atmosphere,  and  thus  be- 
comes dissipated.  On  reaching  the  target 
the  progressive  motion  of  the  mass  is  arrest- 
ed, and  converted  into  molecular  motion, 
which  is  cognizable  only  as  heat,  by  which 
the  mass  is  reduced  to  the  fluid  state,  and 
splashes  of  molten  metal  are  scattered  in  all 
directions.  These  again  impart  their  heat 
partly  to  the  air  through  which  they  pass, 
partly  by  radiation  into  space,  and  partly  to 
the  ground  on  which  they  fall ;  and  thus 
the  whole  energy  of  the  ball  becomes  dis- 
sipated. An  analogous  explanation  will 
apply  to  all  other  cases  of  the  dissipation  of 
energy;  thus  the  principle  may  be  indefi- 
nitely illustrated,  but  it  is  hoped  that  it  has 
now  been  sufficiently  established,  that  the 
conservation  of  energy  is  a  fact,  not  a 
"  heresy  of  science,"  the  reviewer's  opinions 
to  the  contrary  notwithstanding,  for 
A  man  convinced  against  his  will 
Is  of  the  same  opinion  still. 

Want  of  space  forbids  the  consideration 
of  the  larger  cosmical  relations  of  the  con- 
servation of  energy  to  both  organic  and 
inorganic  existence ;  one  proposition  only 
shall  be  alluded  to  as  having  been  by  some 


writers  rather  overstrained,  viz.,  that  the 
amount  of  energy  in  the  world  is  unchange- 
able, the  sum  of  the  actual  or  kinetic  and 
potential  energies  being  a  constant  quan- 
tity. This  may  be  taken  as  a  postulate, 
and  is  probably  true;  but  it  is  a  proposition 
that  is  equally  incapable  of  proof  or  of  dis- 
proof, because  the  amount  of  potential  energy 
in  a  body  can  be  determined  only  by  its 
development  into  actual  energy,  and  cannot 
therefore  be  predicated.  For  example,  two 
stones  of  equal  weight  lie,  one  at  the  bot- 
tom of  a  well,  the  other  on  the  ground  at 
its  edge  ;  both  are  raised  and  placed  side  by 
side  on  the  top  of  the  windlass  frame;  much 
more  work  has  been  done  on  one  than  on 
the  other ;  but  can  any  one  predicate  in 
which  of  the  two  the  greater  amount  of 
potential  energy  resides  ?  Or  is  there  any 
conceivable  difference  in  the  amount  of 
energy  acquired  by  either,  otherwise  than 
as  dependent  on  its  descending  through  the 
greater  or  the  lesser  distance  ? 

It  may,  in  conclusion,  be  remarked  with 
much  regret  that  the  principle  of  the  con- 
servation of  energy  has  by  some  been  mis- 
applied in  a  fruitless  endeavour  to  supersede 
the  necessity  of  a  creative  intelligence.  To 
the  mind  of  the  writer,  and,  it  is  earnestly 
hoped,  to  that  of  most  of  his  readers,  the 
indisputable  establishment  of  this  principle 
conveys  only  a  more  exalted  idea  of  that 
infinite  wisdom  by  which  the  perpetually 
recurring  transformations  and  interchanges, 
not  only  of  the  materials,  but  also  of  the 
powers,  of  Nature  are  rendered  subservient 
to  predetermined  laws,  which  govern  the 
comfort  and  welfare  of  all  created  beings. 


The  Falling  Springs  Railway. — The  con- 
tractor for  the  work  of  grading  and 
preparing  the  roadway  for  the  East  St. 
Louis,  Cahokia  and  Falling  Springs  rad- 
road,  is  pushing  forward  that  work  with 
great  rapidity.  This  road  is  intended  to 
serve  the  double  purpose  of  a  levee  to  Ca- 
hokia and  furnish  an  excellent  railroad  bed 
to  Falling  Springs,  a  fine  rural  locality  back 
of  Cahokia,  Avhere  there  is  a  beautiful  foun- 
tain of  clear  water  pouring  out  from  beneath 
a  cliff  of  rocks,  and  will  open  to  use  some 
of  the  finest  stone  quarries  in  St.  Clair 
county. 


The   zinc   mines  of  New   Jersey  yielded 
about  20,000  tons  of  ore  last  year. 
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THE  NAEROW  GAUGE. 


At  the  recent  convention  at  St.  Louis, 
held  in  the  interests  of  the  Narrow- Gauge 
system  of  railways,  the  following  report, 
which  we  copy  from  the  columns  of  the 
"Chicago  Railway  Review,"  Avas  submitted 
by  a  Committee  appointed  for  the  purpose, 
early  in  the  year  : 

Me.  President, — Your  Committee  to 
whom  was  delegated  the  duty  of  preparing 
a  Report  upon  the  "peculiar  merits  and  ad- 
vantages of  the  narrow-gauge  railway  sys- 
tem "  beg  leave  to  recommend  the  adoption 
of  the  following  resolution  : 

liesolved,  That  having  found  the  3  ft. 
gauge  so  numerously  represented  in  this 
Convention,  they  recommend  that  it  be 
adopted  as  the  Standard  Narrow  Gauge 
by  all  roads  where  there  are  no  particular 
reasons  for  adopting  a  less  gauge. 

Because  (1)  a  uniform  gauge  is  very  essen- 
tial to  the  final  success  of  the  system;  and, 
(2.)  Because  they  believe,  if  it  is  adopted 
on  all  narrow-gauge  roads,  that  it  will  not 
be  many  years  before  the  3  ft.  standard 
roads  will  have  through  connections  North. 
East,  South,  and  West,  with  a  better  system 
of  interchange  of  cars  and  a  less  amount  of 
transfer  than  there  is  now  on  the  4  ft.  8|-  in. 
of  the  North,  the  5  ft.  of  the  South,  and 
other  gauges  now  in  operation. 

They  also  recommend  the  adoption  of  24 
inches  as  the  standard  height  for  the  centre 
of  draw-head  above  the  rail. 

In  the  call  for  the  Convention,  twelve 
points  are  suggested  for  discussion,  in  order 
to  elicit  the  fullest  information  in  regard  to 
both  the  construction  and  the  practical 
operations  of  the  narrow  gauge.  Your 
Committee  have  been  unable  to  devote  as 
much  time  to  the  consideration  of  the  sub- 
ject as  its  importance  demands,  but  have 
touched  upon  them  all,  and  in  doing  so  have 
been  careful  to  understate  rather  than  over- 
state the  capacity  and  numerous  advantages 
of  the  new  system. 

I. THE  WANT  OF  RAILWAY  FACILITIES 

is  acknowledged  by  all  classes,  and  the  valid 
reason  why  any  locality  is  without  the  same, 
is  simply  a  financial  question.  All  sections 
of  the  country  would  be  in  possession  of 
railway  transportation,  if  they  possessed  the 
means,  or  could  borrow  the  funds  at  a  rea- 
sonable rate  of  interest ;  and  your  Commit- 
tee believe   that  any  system  which  tends 


surely  to  that  end,  namely, — the  sale  of 
bonds  at  or  as  near  par  as  possible,  and  at 
the  standard  rate  of  interest,  is  and  will  be 
of  vast  benefit  to  the  public ;  and  as  the 
narrow  gauge  will  do  all  the  business  of  any 
section  of  the  country,  with  a  much  less 
bonded  debt,  it  tends  to  give  a  better  secur- 
ity to  the  bonds  and  stock  of  the  roads, 
making  a  better  sale  for  the  same,  and  in 
that  way  furnishing  many  feeders  to  our 
present  through  lines,  which  would  not  oth- 
erwise be  constructed,  and  soon  connecting 
local  lines  so  as  to  make  new  through  lines 
of  the  3  ft.  gauge,  North  and  South  as  well 
as  East  and  West. 

II. COMPARATIVE    COST    OF   THE  OLD    AND    NEW 

SYSTEMS. 

Taking  what  are  called  first-class  roads, 
equipped  to  do  the  business  of  the  various 
localities  through  which  they  run,  your 
Committee  feel  justified  in  the  following 
conclusions:  (1.)  That  in  very  rough, 
mountainous  countries  where  the  transpor- 
tation of  heavy  ores,  such  as  gold,  silver, 
copper  and  other  minerals  in  bulk,  before 
reduced,  so  as  to  collect  the  same  at  the  va- 
rious smelting  works,  with  the  coal,  wood 
and  fluxes  used  in  the  reduction  and  manu- 
facture of  the  same,  and  where  it  is  not 
necessary  to  run  fast  or  time  trains, — the 
cost  of  construction  of  a  3  ft.  gauge  road 
will  not  be  over  one-fifth  of  such  roads  as 
the  Erie,  Penn.  Central,  and  Baltimore  & 
Ohio ;  and  that  the  capacity  of  the  cheap 
road  can  at  any  time  be  increased  by  capital 
so  as  to  do  all  the  business,  for  all  time  to 
come ;  thereby  saving  a  large  amount  in 
first  cost  and  interest  on  the  same,  which  is 
the  strongest  possible  recommendation  for 
capital  to  invest  in  narrow-gauge  cheap 
roads,  rather  than  in  the  expensive  broad- 
gauge.  (2.)  That  in  the  broken,  rolling 
country,  where  most  of  our  roads  are  con- 
structed, the  saving  will  be  about  as  1  to  2  : 
namely,  that  the  narrow  gauge  will  cost 
about  one-half  as  much  as  the  present  broad 
gauges  have  cost.  Your  Committee  would 
respectfully  ask,  and  earnestly  urge  all  par- 
ties interested  in  the  construction  of  rail- 
ways, that  this  part  of  their  report  be  thor- 
oughly investigated ;  and  that  the  question 
of  what  the  present  broad  gauges  have  cost, 
be  examined  as  carefully  by  narrow-gauge 
advocates,  as  has  the  question  of  what  their 
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roads  do,  and  will  cost,  by  the  friends  of  the 
broad  gauge — not  forgetting  to  look  into 
what  broad-gauge  advocates  say  they  can 
do  in  the  way  of  reduction  of  dead  weight, 
but  which  none  of  them  can  afford  to  at- 
tempt, on  account  of  the  vast  amount  of 
capital  involved.  (3.)  That  in  the  slightly 
undulating  prairie  or  plains  country  the  cost 
of  construction  of  a  first-class  narrow-gauge 
passenger  road,  with  the  equipment  suitable 
for  a  large  freight  as  well  as  passenger 
business,  will  not  exceed  three-fifths  of  what 
a  broad  gauge  would  cost  with  what  is  now 
called  first-class  equipment  and  road-bed ; 
and  that  the  real  comforts  and  safety  of  the 
narrow  gauge  are  fully  equal  to  those  on 
the  three  great  Government  roads :  the 
Union  Pacific,  Kansas  Pacific,  and  the  Cen- 
tral Pacific. 

III. OUE  MEANS  OF  CONSTRUCTING  THE  BEOAD 

GAUGE,  AS  COMPAEED  WITH  THE  NAEEOW 
GAUGE. 

Railway  officials  are  so  well  advised  in 
this  question,  that  it  is  only  necessary  to  say, 
that  the  obtaining  of  a  sufficient  amount  of 
money  to  construct  a  road  on  a  cash  basis  is 
the  only  real  difficulty  to  be  overcome.  It 
is  a  self-evident  fact  that  it  is  very  much 
easier  to  obtain  $10,000  per  mile  than  it  is 
$30,000.  It  cannot  be  denied  that  we  have 
numerous  localities,  North,  East,  South,  and 
West,  in  which  railway  facilities  are  imper- 
atively demanded,  nor  will  it  be  denied  that 
in  many  instances  it  would  be  impossible  to 
obtain  the  means  to  construct  them  broad- 
gauge  ;  or  if  able  to  do  so,  that  when  done 
they  would  not  command  sufficient  business 
to  sustain  them.  Their  excessive  cost,  en- 
tirely disproportioned  to  their  light  business, 
would  necessarily  compel  them  to  charge 
high  rates  in  order  tos  pay  operating  ex- 
penses, and  interest  account,  and  thus  retard, 
rather  than  stimulate  development.  Your 
Committee  are  unable  to  see  the  propriety 
of  thus  unnecessarily  taxing  the  industries 
of  the  country,  especially  when  the  required 
facilities  may  be  obtained  by  the  adoption 
of  the  narrow  gauge  at  one-half  the  cost, 
thereby  placing  it  within  the  means  of  the 
localities  referred  to,  not  only  to  provide 
themselves  with  railways,  but  with  low  rates. 
Admitting  that  $10,000  per  mile  will  accom- 
plish the  desired  object,  your  Committee  are 
unable  to  see  the  economy  of  investing 
$20,000  per  mile  and  thereby  incurring  the 
entailment  of  high  rates  for  all  time. 

As  to  narrow-gauge  supplies,  such  as  rail, 


locomotives,  cars,  etc.,  the  construction  of 
the  Denver  &  Eio  Grande,  as  well  as  many 
other  roads  from  20  to  150  miles  in  length, 
now  fast  being  completed,  and  even  more 
rapidly  than  most  broad-gauge  roads  have 
been  constructed,  shows  most  conclusively 
that  American  skill,  ingenuity  and  energy 
has  been  equal  to  the  emergency.  In  con- 
clusion, upon  this  point  we  beg  leave  to  re- 
mark that  we  are  clearly  of  the  opinion 
that  an  impartial  and  thorough  examination 
of  the  subject,  cannot  fail  to  convince  the 
most  skeptical  of  the  great  advantage  in 
favor  of  the  narrow  gauge,  in  first  cost,  and 
the  consequent  money-saving  results  to  be 
obtained  thereby  in  the  more  rapid  develop- 
ment of  our  resources. 

IV. THE  COMPAEATIVE  COST  OF  OPEEATING  THE 

TWO    GAUGES. 

Your  Committee  cannot  find  that  it  has 
ever  been  claimed  by  the  broad-gauge  ad- 
vocates that  their  system  can  be  operated 
for  less  than  can  the  narrow  in  any  case  ; 
while  the  opinion  and  practice  of  all  roads 
prove  when  the  business  exceeds  a  certain 
extent  that  it  is  cheaper  to  construct  a  doub- 
le track,  the  interest  on  the  same  to  be 
added  to  the  operating  expenses.  It  should 
be  borne  in  mind  that  the  double  track  nar- 
row gauge  will  not  cost  as  much  as  the  broad 
gauge  single  track ;  hence  the  narrow  can 
under  all  circumstances  furnish  cheaper 
transportation  than  the  broad.  In  seeking 
to  develop  our  resources  we  must  not  lose 

Passenqer  Cuts. 
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Broad 

38,000 

56 

678 

12,000 

86 

333 

26,000 

20 

345 

Pounds  dead  weight  per  passenger  carried  on  roads 
in  Massachusetts  and  Aeio  York,  in  1870. 


Massachusetts 


1,250 


New  York 2,784 

sight  of  the  fact  that  low  rates  of  transpor- 
tation will  accomplish  the  desired  end  much 
more  rapidly  than  high  rates,  which  fre- 
quently prevent,  and  in  all  oases  retard  de- 
velopment.    In  examining  the  question  of 
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the  comparative  cost  of  operating  the  two 
systems,  we  will  first  show  the  difference  in 
the  weight  of  the  rolling  stock  and  machin- 
ery, and  then  trace  the  effects  produced  in 
each  case  to  a  final  result. 

The  preceding  table  shows  the  propor- 
tions of  paying  and  dead  weight  in  the  cars 
of  the  two  gauges  when  loaded  to  their  full 
capacity. 

In  this  case,  the  narrow-gauge  coach, 
weight  12,000  lbs.,  carries  when  full  36  pas- 
sengers, with  a  dead  weight  of  12,000  divid- 
ed by  36  =  333  lbs.  per  passenger,  while 
the  broad-gauge  coach,  capacity  56  passen- 
gers, weighs  an  average  of  19  tons,  giving  a 
dead  weight  of  38,000  divided  by  56  =  678 
lbs.,  a  difference  of  345  lbs.  per  head  in 
favor  of  the  narrow  gauge.  But  these 
coaches  seldom  run  full,  in  which  case  the 
advantage  will  be  still  greater  in  favor  of 
the  narrow  gauge.  To  test  the  comparison 
still  farther,  we  will  suppose  that  we  have 
38  passengers,  two  more  than  the  small  coach 
will  accommodate,  making  it  necessary  to 
put  on  a  second  one.  In  this  case  we  will 
have  two  narrow-gauge  coaches  weighing 
24,000  lbs.,  or  24,000  divided  by  38=634  lbs. 
per  passenger ;  while  by  the  broad  gauge  we 
have  38,000  divided  by  38=1,000  lbs.  dead 


weight  per  passenger,  or  a  difference  of 
366  lbs.  per  head  in  favor  of  the  narrow 
gauge. 

But  let  us  apply  still  another  test.  "We 
will  suppose  that  we  have  two  narrow-gauge 
car  loads,  72  passengers,  or  16  more  than 
can  be  accommodated  with  one  broad-gauge 
coach,  necessitating  the  use  of  a  second  one. 
The  account  will  then  stand  as  follows : 
Two  narrow-gauge  coaches,  72  passengers, 
24,000  divided  by  72=333  lbs.  per  passen- 
ger; while  by  the  broad  gauge  it  will  be, 
two  coaches  76,000  divided  by  72=1,055  lbs. 
per  passenger,  a  difference  of  722  lbs.  per 
passenger,  or  a  total  of  52,000  lbs.,  or  over 
26  tons  saving  in  dead  weight  in  favor  of 
the  narrow  gauge  in  only  two  cars.  The 
dead  weight  per  passenger  on  the  New 
York  roads  for  1870,  was  2,748  lbs.,  exclu- 
sive of  baggage,  with  an  average  of  13  pas- 
sengers per  car.  On  a  large  majority  of 
roads  the  average  dead  weight  is  much  great- 
er. The  passenger  coaches,  then,  on  the 
New  York  roads,  run  about  one-fourth  full. 
For  the  purpose  of  a  farther  comparison, 
we  will  assume  that  our  broad-gauge  rail- 
ways average  the  same  number  (13)  per  car. 
On  this  basis,  the  table  of  paying  loads  and 
dead  weights  is  arrang-ed  thus : 


Kind  of  traffic. 

Gauge. 

No.  of 

passengers 

per  car. 

Weight  of 

car 
in  pounds. 

Total 

paying  load 

in  lbs. 

Dead  weight 

per  passenger 

in  lbs. 

Gross 

Load  in 

lbs. 

Broad 

13 
13 

38,000 
12,000 

1,9.50 
1,950 

2,923 
923 

39,950 

Passenger 

13,950 

26,000 

2,000 

36,000 

A  difference  of  26,000  lbs.,  or  13  tons,  in 
favor  of  the  narrow  gauge,  or  2,000  lbs.  per 
head  for  each  passenger.  Assuming  the 
weight  of  the  broad-gauge  car  to  be  only  15 
tons,  or  30,000  lbs.,  the  difference  in  favor 
of  the  narrow-gauge  car  will  still  be  18,000 
lbs.,  or  1,384  lbs.  per  head  for  each  passen- 
ger, as  against  923  lbs.  per  head  by  the  nar- 
row gauge.  Of  course  the  travelling  public 
pays  for  this  excess  of  unnecessary  dead 
weight,  amounting  to  many  millions  of  dol- 
lars per  annum.  We  will  now  compare  the 
two  gauges,  in  reference  to  the  economical 
transportation  of  freight,  when  the  cars  are 
loaded  to  their  capacity. 

The  average  weight  of  modern  broad- 
gauge  ears  is  20,000  lbs.,  capacity  20,000  lbs. 
The  average  weight  of  Southern  broad- 


Gauge. 

Weight  of  box 

cars 
in  lbs. 

Capacity 

of  box  cars 

in  lbs. 

18,500 
8,000 

20,000 

16,000 

10,500 

4,000 

Average  pounds  of  dead  iceiqht  to  one  ton  of  paying 
freight  carried  on  railways  in  Massachusetts  and 
New  York  in  1870. 

Massachusetts 3,136  |  New  York. 3,109 

gauge  cars  maybe  put  down  at  18,500  lbs., 
capacity  16,000  lbs.  In  the  table  we  have 
taken  the  lowest  dead  weight,  and  the  high- 
est capacity,  as  we  prefer  to  overestimate 
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the  capacity  of  tlie  broad  gauge,  rather  than 
underestimate  it.  As  will  be  seen  by  this 
table,  the  railways  of  Massachusetts  and 
New  York  average  only  about  one-sixth  of 
their  capacity.  It  should  be  borne  in  mind 
that  the  average  of  our  railways  will  fall  far 
short  of  those  of  the  States  referred  to.  If, 
as  shown,  Massachusetts  hauls  18,500  lbs. 
of  dead  to  transport  3, 186  lbs.  paying  freight, 
and  New  York  3,091  lbs.,  what  may  we 
reasonably  expect  is  the  average  in  the  agri- 
cultural districts  of  the  South,  West,  and 
Northwest  ?  The  proportion  of  dead  weight 
to  paying  freight  on  Southern  railways  is 
even  much  greater  than  it  is  in  the  West 
and  Northwest.  In  a  word,  their  railways 
have  a  capacity  far  in  excess  of  the  busi- 
ness of  that  section,  entailing  high  rates 
upon  them  and  thus  retarding  development 
which  cheap  narrow-gauge  roads  with  their 
low  rates  would  stimulate  into  great  activity. 


It  will  be  observed  that  the  average  of 
freight  carried  per  car  by  Massachusetts 
roads  is  less  than  one-fifth  the  capacity  of 
the  narrow-gauge  box  car. 

Way  Freight. — In  transporting  quanti- 
ties less  than  a  full  car  load,  the  narrow- 
gauge  cars  have  immensely  the  advantage. 
Cars  carrying  through  freight  may  be  load- 
ed very  generally  to  their  capacity,  but  the 
average  net  car  loads  are  brought  by  the 
necessity  for  dropping  cars  from  the  trains 
at  turn-outs  along  the  route  with  way  or 
local  freights,  frequently  very  small  in  pro- 
portion to  the  full  car  load. 

The  following  table  shows  the  amount 
of  dead  weight  per  ton,  in  pounds,  by 
the  two  systems,  when  the  shipment  of 
freight  to  a  way  station  is  not  an  even 
car  load.  The  figures  in  the  heading 
show  the  amount  of  supposed  shipment  in 
tons: 


Dead  weight  per  ton  in  lbs.  on  the  two  gauges. 


o  _j 

si. 

£  3 
a  ° 

TONS 

Gauge. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

DEAD  WEIGHTS. 

Broad 

Narrow. . . 

1 
2 
1 
2 

18,500 
8,000 

9,250 

4J666 

5,250 

6,166 
2,6G6 

4,625 

2^666 

3,700 
'  1,600 

3,083 
1,333 

2,642 
1,142 

2,312 

ijooo 

2,055 
'  1J777 

1,850 
1,600 

8,863 

1,454 

Difference  in  fa- 
vor of  narrow 

10,500 

3,500 

2,500 

2,100 

1,750 

1,500 

1,312 

27S 

250 

1.9<>9 

This  table  shows  that  if  it  is  necessary  to 
drop  cars  with  9  tons  of  freight,  at  a  way 
station — this  being  an  amount  which  is  one 
ton  over  a  car  load  for  the  narrow  gauge, 
and  which  renders  necessary  the  use  of  two 
cars  at  the  utmost  disadvantage — the  dead 
weight  is  even  then  only  1,777  lbs.  per  ton, 
and  still  278  lbs.  less  than  the  broad  gauge. 
These  operative  comparisons  would  seem  to 
be  sufficient  to  settle  the  question  so  far  as 
the  economy  of  the  narrow  gauge  is  con- 
cerned ;  but  it  may  be  well  to  look  into  the 
question  of  the  reduced  wear  and  tear,  in 
consequence  of  the  use  of  light  machinery 
and  rolling  stock.  If  we  assume  that  the 
repairs  of  machinery  and  rolling  stock  are 
in  direct  ratio  to  its  cost,  the  reduction  for 


the  narrow  gauge  would  be  about  50  per 
cent,  which  is  the  difference  in  the  first 
cost. 

Comparative  Strength  of  Rolling  Stock. 
— The  expenditure  of  power  and  ordinary 
repairs  should  be  held  strictly  correlative  : 
and  yet  there  can  be  no  doubt  but  that  all 
the  parts  of  the  narrow-gauge  machinery 
and  rolling  stock  being  relatively  stronger, 
and  the  shocks  to  which  they  are  exposed 
being  so  much  lighter,  both  cars  and  loco- 
motives will  run  with  much  less  repairs 
than  has  been  generally  estimated.  Nar- 
row-gauge locomotives  weigh  from  6  to  18 
tons,  depending  upon  the  nature  of  the  ser- 
vice they  have  to  perform.  The  following 
table    gives    the   principal  dimensions  and 
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weights  of  various  patterns  and  sizes  of  nar-    loads  they  will  haul  on  a   straight  track  in 
row-gauge   locomotives,  together  with  the    good  condition : 

Dimension*,  iceights  and  lo^ds  of  narrow  gauge  locomotives. 


Cylinders. 

Weight 

in  working  order. 

Load 

n  gross,  cars  and  lading. 

'Kind 

Diameter 

of  locomotive. 

of 

On  each 

On 
a  level. 

On 

On 

On 

Diam. 

Stroke 

driver. 

Total. 

On 

pair 

a  40  ft. 

an  80  ft. 

a  100  ft. 

drivers. 

of  drivers. 

grade. 

grade. 

grade. 

Class  1. 

Four       wheels) 

9 

12 

30 

18,000 

18,000 

9,000 

390 

120 

70 

55 

connected  tank-- 

9 

16 

36 

22,000 

22,000 

11,000 

490 

150 

85 

70 

locomotive ) 

10 

16 

36  to  40 

26,000 

26,000 

13,000 

590 

180 

105 

85 

Class  2. 

Four        wheels) 

9 

12 

30 

16.000 

16.000 

8.000 

385 

115 

65 

50 

connected  with  - 

9 

16 

36 

20,000 

20,000 

10,000 

4«0 

140 

75 

60 

separate  tender  ) 

10 

16 

36  to  40 

24,000 

24,000 

12,000 

580 

170 

95 

75 

Class  3. 

Six  wheels  con-  f 

10 

16 

36 

28,000 

28,000 

9,333 

615 

185 

105 

85 

nected     tank  - 

11 

16 

36 

33,000 

33,000 

11,000 

740 

225 

130 

105 

locomotive  . . ) 

12 

16 

36  to  40 

38,000 

38,000 

12,666 

860 

265 

150 

125 

Class  4. 

Six  wheels  con-) 

10 

16 

36 

25,000 

25,000 

8,333 

605 

175 

95 

75 

nected     with  - 

11 

16 

36 

30,000 

30.000 

10,000 

730 

215 

120 

95 

separate  tender) 

12 

16 

36  to  40 

35,000 

35.000 

11,666 

850 

255 

110 

115 

Here  let  us  call  attention  to  a  matter  that  on  each  wheel  of  ordinary  trains  of  the  two 
bears  directly  upon  the  question  of  "  wear  ,  gauges,  and  the  momentum  with  which  the 
and  tear,"  giving  a  table  showing  the  weight  I  wheels  will  strike  irregularities  in  the  track. 

Weight  on  ichee's — their  momentum. 
|  Passenger  trains — speed  25  miles  per  hour.] 


Five  Feet  Gauge. 

Three  Feet  Gauge. 

Weight. 

on  single  wheel, 

pounds. 

Momentum, 
pounds. 

Weight 

on  single  wheel, 

pounds. 

Momentum, 
pounds. 

Engine  driver 

Engine  truck 

Tender 

8.000 
5000 
7.650 
4,000 
4,760 

288,000 
180,000 
174.000 
144,000 
171,360 

6,250 
2,500 
3,500 
3,000 

1,780 

225,000 

90,000 

126,000 

Baggace  car 

108,000 

Passenger  car 

64,080 

The  ends  of  the  rails  are  beaten  to  pieces,  ' 
the  surface  abraded,  the  ties  splintered,  the 
fibre  of  the  wood  cut  under  the  iron,  weak 
joints  rapidly  made  worse,  so  that  each  sue-  ! 
ceeding  wheel  falls  with  an  increasing  force  ■ 
upon  the  ends  of  the  yielding  rails,  by  the 
tremendous  forces  developed  by  the  passage 
of  these  enormous  weights  at  high  speed. 
The   lightest    broad-gauge    coach    weighs  I 
about    16   tons,  or   32,000  lbs.  empty,  and ' 
hammers  the  rail  joints  with  4,000  lbs.  on ' 
each  wheel.     When  loaded  and  driven  over 


the  rails  at  25  or  30  miles  per  hour,  the 
weight  of  the  blow  is  enormous  and  terribly 
destructive  to  the  superstructure,  crushing 
out  the  best  rail  in  five  or  six  years.  The 
passenger  car  of  a  three-feet  gauge  would 
only  hammer  the  rail  with  1,500  lbs.  per 
wheel.  The  same  truth  applies  to  locomo- 
tives. 

A  30-ton  locomotive,  and  its  loaded 
tender,  weighing  about  17  tons,  or  a  total 
of  47  tons,  will  exert  a  pressure  of  nearly 
6   tons    on    each   driving:   wheel.       When 
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driven  at  a  high  speed,  the  strain  upon  the 
track  is  terribly  destructive. 

The  "haii'lie"  engine,  constructed  for 
narrow-gauge  lines,  bears  its  whole  load, 
including  wood  and  water,  on  the  driving 
wheels,  thus  utilizing  the  whole  weight  in 
the  work  of  hauling  the  train.  Instead  of 
an  engine  carrying  47  to  50  tons  to  obtain 
the  power  of  20,  we  have  an  engine  weigh- 
ing 20  tons  and  no  more ;  and  this  load  dis- 
tributed over  eight  wheels,  with  a  pressure 
of  21  tons  per  wheel,  instead  of  nearly  6 
tons,  as  with  the  broad  gauge.  The  action 
upon  the  rolling  stock  is  the  same  as  upon 
the  track.  The  wheel  receives  a  blow  of 
precisely  the  same  weight  as  that  'which  it 
administers  to  the  rail  at  a  low  joint,  and 
the  shock  is  transmitted  to  the  axle,  except 
what  is  taken  up  by  the  springs,  and  the 
yielding  of  the  parts  of  the  whole  structure 
of  the  engine  or  car.  The  saving  of  dead 
weight  transported  is  so  much  saved  from 
the  grand  total  of  this  destructive  agency ; 
and,  by  the  reduced  weight  upon  each 
wheel,  no  single  blow  of  such  enormous 
force  can  be  given  on  the  narrow  gauge. 

Gassification  ef  Expenses. 
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Maintenance  of  Roadway— 

Repairs  road-beds    

.166 
.129 
037 

.055 

Cost  of  iron  for  renewals 

065 

Repairs,  building  fences,  etc.. 

Taxes 

.038 
.20 

Repairs  of  machinery  and  cars 

070 

Operating— 

Office  expenses,  agencies  and  employes 

on  trains  and  at  stations 

123 

Fuel,  oil  and  waste 

.125 

041 

Loss  and  damages  to  goods  and 

persons, 

general  superintendence,  etc. 

.030 
.052 

Contingencies 

.017 

Total 

.248  p.  c. 

We  leave  this  point  with  a  single  illustra- 
tion, showing  the  total  of  the  forces  expend- 
ed upon  a  defective  joint  on  one  side  of  the 
track,  by  the  passage  of  a  train  of  50  passen- 
gers, on  either  gauge.  The  joint  is  suppos- 
ed to  have  yielded,  so  that  the  wheels  fall 


into  it  with  a  perceptible  shock.  In  an  ex- 
ample, selected  for  calculation,  it  results 
that  the  wide-gauge  train  will  have  inflicted 
a  series  of  blows,  amounting,  in  the  aggre- 
gate, to  6,891,840  lbs.,  while  the  narrow 
train  will  have  expended  a  force  amounting 
to  only  3,248,640  lbs.  Fuel,  oil,  and  waste 
are  also  reduced  in  cost  in  proportion  to  the 
power  developed.  The  list  of  employees, 
cost  of  general  superintendence,  office  ex- 
penses, loss  and  damage,  are  not  estimated. 
The  percentage  of  saving  in  the  different 
departments  may  be  estimated  as  in  above 
table  of  expenses. 

The  narrow  gauge  may  be  operated  for 
about  25  per  cent,  less  than  the  broad 
gauge,  and  where  the  proportion  of  expenses 
to  gross  receipts  is  70  per  cent.,  the  ratio  of 
the  narrow-gauge  expenses  to  receipts  would 
be  521  per  cent.,  and  with  strict  economy 
probably  as  low  as  45.  The  expenditure  of 
power  stands  in  the  relation  of  about  35  to 
54  in  freight  and  11  to  30  in  passenger 
traffic. 

V. CAN  NARROW-GAUGE  LOCOMOTIVES  BE  CON- 
STRUCTED OF  SUFFICIENT  POWER  AND 
SPEED  TO  ANSWER  THE  GENERAL  REQUIRE- 
MENTS ? 

Your  Committee  most  unhesitatingly  an- 
swer yes ;  and  for  the  following  reasons  : 

PRACTICAL  FACTS. 

(1.)  Because  they  are  doing  it  daily,  and 
any  one  who  wishes  to  investigate  the  ques- 
tion has  only  to  visit  the  roads  where  they 
are  in  use  and  witness  their  performance. 

(2.)  From  the  fact  that  the  great  stand- 
ard-gauge roads  are  taking  their  heaviest 
freight  engines  off  their  lines,  as  fast  as  it 
can  be  done  with  economy,  or  as  fast  as 
they  are  worn  out,  preferring  to  run  more 
trains  rather  than  the  extra  heavy  ones, 
because  the  breakage  of  draft  irons,  links, 
bumpers,  and  the  fearfully  costly  lamina- 
tion of  the  rail,  etc.,  etc.,  amounts  to  more 
than  the  cost  of  the  additional  men  and 
trains. 

(3.)  That  by  adopting  the  proper  form  of 
construction,  the  engines  can  have  sufficient 
power  to  handle  any  number  of  cars  that 
can  be  prudently  and  economically  run 
together  in  one  train,  and  that  such  a  train 
can  be  handled  with  as  much  safety  on  the 
narrow  as  on  the  broad  gauge ;  while,  the 
proportion  of  dead  weight  being  much  less, 
the  same  number  of  train  men  will  handle 
more  tons    of  paying  freight,  on  the  nar- 
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row  than  on  the  broad  gauge  when  work- 
ed up  to  the  same  tonnage. 

(4.)  All  narrow  as  well  as  broad-gauge 
advocates  acknowledge  that  trains  can  and 
are  run  too  fast  for  the  best  interest  of  the 
roads  and  the  public,  and  that  it  taxes 
them  far  beyond  the  bounds  of  economy  to 
run  fast  trains. 

(5.)  That  there  is  no  difficulty  in  making 
as  fast  time  with  the  narrow-«;au£;e  loCO- 
motive  as  the  great  majority  of  the  broad- 
gauge  road  make,  which  is  all  the  public 
demands  ;  and  in  advocating  economy  in 
this  particular,  that  we  represent  the  true 
interests  of  the  public. 

(6.)  That  the  locomotives  of  the  Denver 
and  Rio  Grande  Railway,  freight  and  pas- 
senger, are  giving  entire  satisfaction  both 
as  to  speed  and  power. 

RESULTS  ON    DENVER    &  EI0  GRANDE. 

A  17-ton  freight  locomotive  on  that  road 
has  hauled  a  train  of  24  cars  with  ease  up 
a  grade  seven  miles  long,  averaging  40  ft. 
to  the  mile  ;  four  miles  of  the  same  having 
a  grade  of  75  ft.  per  mile. 

Gross   Weight  of  Train. 

4  empty  8-wheeled  box  cars,  8, 000  lbs. 

each 32,660 

12  empty  8-wheeled    platform   cars, 

6,000  lbs.  each 72,000 

8    loaded   8-wheeled     platform     cars, 

6,000  lbs  each 48,000 

And  load  on  same,  16,000  lbs.  each.  ..    128,000 

176,000 

280,000 

pounds  or  140  tons ;  and  this  over  a  new 
track.  Add  the  weight  of  the  locomotive,  17 
tons,  and  we  have  a  total  gross  tonnage  of 
157  tons.  A  12-ton  passenger  locomotive 
has  hauled  the  following  load  up  the  same 
grades  on  schedule  time,  viz. :  15  miles  per 
hour. 

5  platform  cars,  6, 000  lbs  each 30, 000 

And  load  (rail)  on  same,  16,000  lbs.  each 80,000 

Total 110,000 

lbs.,  or  55  tons.  Add  weight  of  locomotive 
and  we  have  a  total  of  67  tons.  But  a  still 
more  remarkable  performance  was  that  of 
one  of  its  passenger  locomotives,  that  ran 
181  miles  with  only  2,340  lbs.  of  coal,  haul- 
ing the  usual  train  of  one  baggage  car  and 
two  coaches.  Of  this  distance,  102  miles 
were  run  up  an  average  grade  of  40  ft.  per 
mile,  and  8  miles  of  75  ft.  per  mile.  The 
passenger  trains  on  that  road  have  frequent- 
ly been  driven  at  a  speed  of  30  miles  per 


hour  with  entire  safety,  and  with  less  oscil- 
lating motion  than  is  observable  on  broad- 
gauge  roads  newly  constructed.  The  con- 
struction and  practical  operations  of  the 
Denver  and  Rio  Grande  Narrow-Gauge 
Railway  have  been  carefully  examined  by 
experts,  and  among  them  numerous  broad- 
gauge  advocates,  who  all  agree  that  it  is  a 
complete  success,  and  that  the  narrow- 
gauge  locomotive  has  "  sufficient  power  and 
speed  to  answer  the  general  requirements." 

VI. CAN    THE    PASSENGER     COACHES     BE     MADE 

SAFE,    COMFORTABLE,    AND    POPULAR   WITH 
THE    TRAVELLING    PUBLIC  ? 

The  passenger  coaches  of  the  European 
and  American  narrow-gauge  railways  are 
admirably  adapted  to  the  respective  gauges, 
of  varying  proportions  and  capacity  ;  all 
agreeing  in  the  most  important  point,  name- 
ly, that  the  proportion  of  dead  weight 
hauled  for  each  passenger  is  very  much  less 
than  the  broad-gauge. 

DETAILS    OF    PASSENGER    CARS. 

The  first-class  narrow-gauge  coaches  con- 
structed by  Messrs.  Jackson  &  Sharp,  Wil- 
mington, Del.,  and  in  use  on  the  Denver 
and  Rio  Grande  Railway,  are  40  ft.  long, 
over  all,  7  ft.  wide  inside ;  7  ft.  6  in.  high  ; 
with  two  4-wheeled  trucks,  wheels  24  in. 
in  diameter,  weight  12,000  lbs.,  and  carry 
36  passengers  each.  The  sills  are  only  27 
in.  above  the  rail,  making  the  centre  of 
gravity  very  low ;  hence  the  cars  ride  ex- 
ceedingly steady  and  with  less  lateral  or 
oscillating  motion  than  is  usually  observable 
upon  the  broad-gauge.  The  seats  are  ar- 
ranged, double  on  one  side,  and  single  on 
the  other,  one-half  the  length  of  the  car 
having  the  double  seats  on  the  right,  and 
the  other  half  having  them  on  the  left,  so 
as  to  distribute  the  weight  equally.  The 
single  seats  are  19  in.  wide  or  long ; 
the  double  36  in.  ;  the  aisle  17  in.  If 
found  desirable  there  can  be  no  serious  ob- 
jection to  increasing  the  Width  of  the  car  to 
8  ft.,  making  the  single  seat  22  in.,  the 
double  seat  39  in.,  and  the  aisle  23  in. 
These  cars  are  finished  in  the  best  style  ; 
the  wood- work,  the  upholstery,  decorations, 
and  the  whole  arrangements  being  strictly 
first-class. 

For  one  to  enter  these  cars  is  to  be  con- 
vinced that  the  traveller  need  have  no  appre- 
hension as  to  his  safety  or  comfort.  In  a 
word,  your  Committee  find  that  it  is  the  opin- 
ion of  those  best  informed,  that  they  furnish 
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every  requisite  called  for  by  the  first-class 
coach.  While  they  will  not  furnibh  four 
Beats  to  a  passenger  who  pays  for  only  one, 
they  will  furnish  more  passengers  with  a 
preference  of  seats  than  the  broad  gauge 
double  seats  do,  while  the  seats  are  in 
every  respect  as  comfortable.  The  cars 
being  smaller,  railway  officials  can  equalize 
the  seats  to  the  number  of  passengers  much 
better  than  with  the  broad-gauge,  thereby 
saving  largely  in  dead  weight,  wear  and 
tear,  and  the  consequent  cost  of  main- 
tenance. Sleeping  coaches  with  a  single 
berth  on  each  side,  can  be  constructed  so  as 
to  be  as  comfortable  as  those  now  in  use, 
and  at  the  same  time  have  the  ratio  of 
dead  weight  very  much  in  favor  of  the  nar- 
row-gauge. In  view  of  the  practical  facts 
enumerated,  your  Committee  unhesitatingly 
affirm  that  the  "narrow-gauge  passenger 
coach  "  is  as  "  safe  and  comfortable  "  as  the 
broad-gauge,  and  that  this  being  the  case, 
they  will  become  "  popular  with  the  travel- 
ling public  ;  "  especially  as  narrow-gauge 
railways  from  this  small  cost,  can  and  will 
furnish  lower  rates  of  fare  than  the  broad- 
gauge. 

VII. CAN"     FREIGHT   CARS    BE    CONSTRUCTED    OF 

CONVENIENT  SIZE  EOR  THE  TRANSPORTATION 
OF  COTTON,  LIVE  STOCK  AND  GENERAL 
FREIGHTS  ? 

The  Denver  and  Rio  Grande  Railway 
are  now  doing  a  general  freight  and 
passenger  business,  and  are  carrying 
live  stock,  wool,  lumber,  and  in  fact 
every  class  of  freight ;  and  their  officers 
give  it  as  their  unreserved  opinion, 
founded  upon  actual  experience,  and  which 
is  concurred  in  by  connecting  roads,  that 
they  gain  in  every  case  where  the  size  of 
the  car  comes  in  question,  and  that  in  no 
case  is  the  extra  room  of  the  broad-gauge 
car  equal  to  the  loss  in  dead  weight.  This 
applies  to  every  class  of  cars  on  the  roads 
with  which  the  Denver  and  Rio  Grande  con- 
nects. They  carry  9  of  the  largest  cattle  in  a 
car  weighing  less  than  8,000  lbs.,  while  the 
broad-gauge  carry  only  14  of  the  same 
class  in  a  car  weighing  from  18,000  to 
20,000  lbs.  The  stock  cars  have  4-wheeled 
trucks,  are  24  ft.  long,  the  door  being  at 
the  side,  but  near  the  end  instead  of  the 
centre,  and  on  the  opposite  side  of  the  other 
end.  For  heavy  and  valuable  cattle,  they 
have  two  gates  in  the  car  (which  when  not 
in  use  are  folded  back  against  the  side  of 
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the  car),  which  makes  three  rooms  0x8  ft., 
into  which  they  put  three  head  of  stock 
each,  giving  a  space  of  2x8  ft.  to  each  head. 
The  broad-gauge  puts  14  head  of  the 
same  cattle  into  a  28  ft.  car,  which  gives 
the  Denver  &  R  o  Grande  and  other  nar- 
row-gauge the  same  floor  room  that  the 
broad-gauge  has,  and  with  much  less  dead 
weight. 

Comparative  dead  weight   in    the  transportation  of 
cattle  by  the  two  gauges. 
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A  difference  of  397  lbs.  per  head,  3,573 
lbs.  per  car  load  of  9  head,  and  in  a  train 
of  20  cars  71,460  lbs.  or  35  tons  in  favor  of 
the  narrow  gauge.  Prominent  stock  men 
now  say  that  they  would  prefer  to  send  their 
stock  to  market  in  such  cars  as  the  Denver 
&  Rio  Grande  furnish,  because  it  does  not 
put  so  many  together,  and  that  the  danger 
of  cattle  getting  down  is  much  less,  while 
they  can  be  fed  and  attended  to  much  bet- 
ter. We  will  treat  of  the  transportation  of 
cotton  under  the  next  head. 

VIII. WHAT     SAVING    IN    DEAD     WEIGHT    WILL 

THE  NARROW  GAUGE  EFFECT  ? 

Under  this  head  your  Committee  desire 
to  call  attention  to  the  fact  as  set  forth  by 
Mr.  Fairlie,  namely,  that  the  East  India 
narrow-gauge  cotton  car,  weight  3,000  lbs., 
carries  10,800  lbs.  of  cotton  or  paying  freight, 
while  the  Southern  broad-gauge  box  car, 
weight  18,500  lbs.,  carries  only  8  tons,  or 
16,000  lbs.  Assuming  that  the  cotton  trains 
on  our  Southern  railways  average  25  cars 
per  train,  let  us  see  how  the  narrow  gauge 
will  compete  with  the  broad  gauge  in  the 
transportation  of  the  great  staple  of  that 
section  when  moved  in  the  standard  English 
cotton  car,  and  in  order  that  we  may  be  able 
to  load  the  broad-gauge  train  to  its  full  ca- 
pacity, we  will  assume  that  the  cotton  is 
compressed : 
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Cavnpwison  <f  cotton  trains. 
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A  difference  in  favor  of  the  narrow  gauge 
of  351,500  lbs.,  or  175  tons. 

We  will  now  see  how  they  compare 
when  loaded  with  uncompressed  cotton, 
which  is  the  condition  in  which  it  is 
usually  shipped.  The  common  broad- 
gauge  box  car  of  the  South  has  a  floor 
area  of  27  X  8  ft.  =  216  sq.  ft.,  weighs 
18,500  lbs.,  and  carries  24  bales,  weighing 


450  lbs.  each.  The  paying  freight  carried 
per  car  is  10,800  lbs.,  and  the  dead  weight 
18,500  lbs.  Or  for  each  bale  weighing  450 
lbs.,  we  have  770  lbs.  dead  weight.  The 
narrow-gauge  box  car  has  a  floor  area  of 
162  sq.  ft,  weighs  8,000  lbs.,  and  will  carry 
18  bales  cotton  weighing  8,100  lbs.,  or  444 
lbs.  dead  weight  per  bale,  against  770  lbs. 
by  the  broad  gauge. 


Comparison  of  trains  with  uncompressed  cotton. 
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190,000 

A  difference  in  favor  of  the  narrow  gauge 
of  190,500  lbs.  or  95  tons.  We  find  that 
the  narrow  gauge  has  largely  the  advantage 
in  all  cases,  and  that 

The  narrow-gaicge  eight-wheeled  box  car. 
— Weight  4  tons,  capacity  8  tons,  or  a  total 
of  12  tons,  weighs  when  loaded  only  2  tons 
more  than  the  heaviest  broad-gauge  box  car 
when  empty. 

The  narroio-gauge  eight-wheeled  stock 
car. — Weight  4  tons,  capacity  9  head  (larg- 
est cattle),  or  12,600  lbs.,  weighs  when 
loaded,  only  600  lbs.  more  than  the  heaviest 
broad-gauge  stock  car  when  empty. 

The  narrow-gauge  eight-wheeled  plat- 
form car. — Weight  3  tons,  capacity  8  tons, 
or  a  total  of  11  tons,  weighs  when  loaded, 
only  2  tons  more  than  the  heaviest  broad- 
gauge  platform  car  when  empty. 


The  narrow-gauge  eight-tvheeled  passen- 
ger coach. — Weight  6  tons,  capacity  36  pas- 
sengers, or  in  round  numbers  a  total  of  9 
tons,  weighs  6  tons  less  than  the  average  of 
broad-gauge  coaches  empty. 

Further  argument  on  this  point  would 
seem  unnecessary. 

IX. HOW  WILL  THE  SAVIXG  IS  FIRST  COST  AJJD 

DEAD     WEIGHT      AFFECT      THE      KATES      OF 
FKEIGHT  AND  PASSAGE  ? 

We  have,  at  this  time,  about  60,000 
miles  of  broad-gauge  railway  in  operation 
in  the  United  States. 

Cost  of  the  Present  System. — These  rail- 
ways have  cost  from  $20,000  to  $60,000  per 
mile.  Estimating  their  average  cost  at 
$40,000  per  mile,  they  represent  $2,400,- 
000,000.     Had  we  originally  adopted   the 
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narrow-gauge  at  one-half  the  cost  of  the 
broad,  the  expenditure  would  have  been 
$1,200,000,000,  leaving  an  equal  amount 
for  investment  in  manufactures  or  other 
means  of  development.  Or  with  the  $2,400- 
000,000  invested  in  the  narrow  gauge,  it 
would  have  given  us  240,000  miles  at 
$10,000  per  mile,  or  120,000  miles  at  $20,- 
000  per  mile;  in  active  operation  to-day. 
It  needs  no  argument  to  demonstrate  if  we 
had  double  the  number  of  miles  in  opera- 
tion that  we  now  have,  that  our  resources 
would  be  developed  much  more  rapidly 
than  is  now  being  done.  Neither  does  it 
need  any  argument  to  prove,  had  our  rail- 
ways cost  us  only  from  $10,000  to  $20,000 
per  mile,  that  it  wonld  have  cost  much  less 
to  have  operated  them ;  and  that  our 
general  interests  would  have  been  advan- 
ced in  a  corresponding  degree. 

The  cheaper  the  first  cost  of  the  road, 
machinery  and  rolling  stock,  provided  they 
be  ample  for  the  business  offering, — the 
lower  the  rates,  and  the  consequent  rapid 
development  of  all  interests.  ,  The  great 
want  of  the  age  is  cheaper  transportation, 
and  this  we  cannot  have  without  cheaper 
railways. 

Comparative  Cost  of  Transportation. — 
The  average  cost  of  transporting  freight  by 
the  broad  gauge,  may  be  estimated  at  1^ 
cents  per  ton  per  mile,  and  on  the  narrow 
gauge  one  cent.  One  ton  transported  200 
miles,  at  \\  cent  per  ton  per  mile,  will  cost 
$3,  and  at  1  cent,  $2,  a  saving  of  $1,  or  33  i 
per  cent,  in  favor  of  the  narrow  gauge. 
Estimating  the  cotton  crop  of  the  Southern 
States  at  4,000,000  bales  per  annum,  and 
the  average  cost  of  transportation  at  $3  per 
bale,  we  pay  $12,000,000  freight  per  annum 
on  this  one  product  alone.  Admitting  that 
the  cost  of  transportation  by  the  narrow 
gauge  would  be  one-third  less  than  by  the 
broad  gauge,  it  would  effect  a  saving  to  the 
producers  of  $4,000,000  per  annum  ;  or,  for 
a  period  of  25  years,  $100,000,000,  a  sum 
sufficient  to  build  10,000  miles  of  narrow- 
gauge  railway  at  $10,000  per  mile,  or  5,000 
miles  at  $20,000  per  mile.  The  East  India 
Company,  looking  to  the  extension  of  the 
cotton  culture  in  their  territory,  have  pro- 
jected 10,000  miles  of  narrow-gauge  rail- 
way ;  and  that  too,  in  a  country  far  more 
densely  populated  than  ours,  and  offering  a 
large  general  business.  In  addition  to  this, 
they  are  changing  some  of  their  broad  gauge 
to  narrow  gauge,  in  order  to  reduce  the  cost 
of  transportation  on  cotton,  so  as  to  be  able 


to  compete  with  us  in  the  production  of  that, 
staple.  The  East  India  cotton  planter 
commands  an  almost  unlimited  supply  of 
the  cheapest,  most  patient  and  easily  con- 
trolled labor  in  the  world.  This,  with  th.<  .:■ 
syst  m  of  cheap  narrow-gauge  railway-, 
with  its  low  rates  of  freight,  makes  them 
dangei'ous  competitors ;  and  it  is  a  serious 
question,  and  one  well  worthy  our  earnest 
consideration,  whether,  with  our  dear  labor 
and  high  broad-gauge  rates,  we  can  con- 
tinue to  maintain  our  supremacy  in  thi-j 
branch  of  industry  without  cheaper  trans- 
portation than  we  now  have. 

Tlie  Great  Want  of  the  West. — The 
great  West  and  Northwest,  with  their  va  t 
agricultural  productions,  demand  cheaper 
transportation  than  the  costly  broad  gauge 
railways  can  possible  furnish  them.  They 
demand  transportation  so  cheap  that  points 
now  so  far  distant  as  to  be  unable  to  ship 
their  corn,  and  hence  use  it  for  fuel,  wi:l 
be  able  to  enter  the  markets  of  the  world 
with  the  products  of  their  labor.  The  de- 
mand is  a  just  one,  and  should  be  complied 
with ;  it  is  a  want  that  the  great  masses  of 
the  people  are  deeply  interested  in — that  of 
cheap  food.  Your  Committee  might  with 
propriety  discuss  this  question  at  great 
length ;  but,  as  it  is  self-evident  that  rail- 
ways costing  only  from  $10,000  to  $20,00) 
per  mile,  can  work  comparatively  cheaper 
than  those  costing  fron  $20,000  to  $60,000 
per  mile,  there  can  be  no  question  of  their 
effecting  a  large  saving  in  both  the  "rates' 
of  freight  and  passage." 

X. BREAK  OF    CONSTECTIOXS. 

The  time  of  transferring  freight  need  be 
very  little,  if  any,  greater  than  is  now  neces- 
sarily consumed  in  the  inspection  and  repair 
of  cars  at  intermediate  points,  which  are 
sent  over  long  lines.  The  shipper  can  well 
afford  a  slight  delay,  if  thereby  he  saves 
largely  in  cost  of  shipment.  Experience 
has  demonstrated  the  cost  of  transferring 
freight  in  Great  Britain  to  be  about  2  penea 
per  ton.  The  cost  on  the  Canada  frontier 
has  been  found  to  be,  from  many  years,  ex- 
perience, 5  cents  per  ton.  Considering  it 
as  a  question  of  cost,  it  will  evidently  bear' 
heaviest  upon  through  freight,  which  has  to 
be  changed  at  each  end  of  a  line,  at  a  cost 
of  5  cents  per  ton,  or  a  charge  of  10  cents 
per  ton  total.  The  average  cost  of  trans- 
porting freight  may  be  taken  at  1^  cents  per 
ton  per  mile  on  the  broad  guage  ;  but  on 
the  narrow  gauge,  we  find  that  we  can  trans- 
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port  25  per  cent,  cheaper  in  actual  working 
expenses.  One  ton  transported  200  miles, 
at  1-^  cents,  would  cost  $3.00,  and  a  saving 
of  25  per  cent,  on  this  would  be  75  cents; 
80  that  an  expense  of  10  cents  per  ton  may 
be  incurred  in  transferring  freight,  and  still 
leave  a  balance  in  favor  of  the  narrow 
gauge,  or  shipper,  of  65  cents  per  ton,  $6.50 
per  car  load  of  10  tons,  or  $162.50  for  a 
train  of  25  cars.  Further  argument  is 
deemed  unnecessary  upon  this  point. 

XI. EXPERIENCE    AND     OPINIONS    OF     EXPERTS. 

Reference  has  been  already  made  to  the 
practical  workings  of  the  Denver  and  Rio 
Grande  Railway,  as  well  as  the  convictions 
and  opinions  of  its  officers ;  all  tending  to 
show  conclusively  that  the  narrow-gauge 
has  ample  capacity  for  the  business  of  any 
line  on  this  continent.  But  we  will  quote 
the  testimony  of  other  professional  authori- 
ties and  experts.  The  Annual  Report  of 
the  Festiniog  narrow  (1  ft.  11^  in.)  gauge 
Railway,  for  1869,  shows  that  it  transported 
136,132  tons  net,  and  97,000  passengers 
that  year.  Gross  tons  hauled,  exclusive  of 
engines,  242,000. 

The  total  receipts  for  the  year  1869,  were £23,676 

Expenditures 13,053 

Net  income £10,623 

or  nearly  50  per  cent. 

In  Norway,  railways  of  the  4  ft.  8|  in. 
and  of  the  3  ft.  6  in.  gauges  have  been  con- 
structed by  the  same  engineers,  and  worked 
by  the  same  manager  for  the  Government, 
and  the  following  statistics  are  taken  from 
the  Government  returns,  showing  the  aver- 
age from  six  years'  experience. 


Cost  of  construction 
per  mile 

Receipts  per  mile 
(alike) 

Maintenance  per  mile 

Locomotive  expenses 
per  mile 


Od 


26,343 

27,600 
7,173 

9,426 


17,143 

27,600 
6,565 

5,760 


9,200 

"  608 
3,666 


Mr.  Spooner,  Engineer  and  Sup't  of  the 
Festiniog  Road,  under  date  of  December 
1870,  gives  the  following  opinions : 

"  From  my  experience  in  working  the  1 
ft.  Hi  in.  gauge,  I  deduce  the  following,  to 


show  the  sufficiency  of  the  2  ft.  9  in.  gauge : 
(1.)  That  the  cost  in  construction,  in  earth- 
works, bridges,  tunnels,  etc.,  depends  on  the 
gauge.  (2.)  That  the  cost  of  maintenance  of 
rolling  stock  will  be  low,  consequent  upon 
the  small  weight  on  each  wheel.  (3.)  That 
a  speed  40  miles  per  hour  can  be  run  with 
ease  and  safety."  Mr.  Spooner's  opinions 
are  of  special  value,  as  the  study  of  this 
subject  has  been  his  occupation  during  ten 
years  ;  and,  as  his  experience  has  been  more 
full  than  that  of  any  other  person,  so  is  his 
knowledge  of  the  matter  more  profound. 
In  June,  1869,  the  British  Government  ap- 
pointed a  commission  of  engineers  and  rail- 
way experts  to  consider  what  gauge  should 
be  adopted  for  the  Indus  Valley  and  other 
projected  railways  in  India.  We  quote 
from  the  majority  report:  "It  is  manifest 
that  lines  on  this  gauge  (3  ft.  6  in.)  are 
worked  with  as  much  convenience  to  the 
traffic  as  on  any  broader  gauge,  and  vehicles 
may  be  used  on  this  gauge  which  will  afford 
complete  accommodations  for  all  classes  of 
passengers  and  goods  traffic. 

XII. THE  NARROW  GAUGE  AS    COMPARED    WITH 

THE    BROAD    GAUGE    AS  THE    MEANS  OP  DE- 
VELOPMENT. 

This  is  a  question  of  vital  importance, 
and  one  that  affects  all  interests  alike.  This 
being  the  case,  any  system  that  will  afford 
ample  facilities  for  transportation  at  reduced 
rates,  is  a  public  blessing.  The  necessarily 
high  rates  entailed  by  the  excessive  cost  of 
the  broad  gauge,  might  have  been  avoided 
by  the  adoption  of  the  narrow  gauge  with 
its  small  cost,  light  operating  expenses,  and 
low  rates.  A  most  striking  instance  is  that 
of  the  Southern  States,  with  their  vast  and 
inexhaustible  supplies  of  coal  and  iron,  un- 
surpassed for  their  purity  and  richness,  and 
the  ease  and  cheapness  with  which  they  can 
be  mined  and  worked'  but  which,  from  the 
high  broad  gauge  rates  of  transportation, 
remain  locked  up  in  their  hills  and  moun- 
tains. A  cheap  system  of  railways,  with 
its  low  rates  of  freight,  would  have  long 
since  developed  those  interests,  enriching 
that  section,  and  adding  vastly  to  the  gen- 
eral wealth  of  the  country.  The  great 
West,  and  Northwest,  with  their  broad 
prairies  and  vast  plains,  unequalled  for  their 
general  productiveness  and  the  ease  with 
which  they  can  be  tilled,  also  feel  the  incu- 
bus of  high  rates  of  transportation  entailed 
upon  the  products  of  their  labor  from  the 
same  cause. 
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The  reduction  of  rates  which  would  fol- 
low the  general  introduction  of  the  nar- 
row-gauge system,  would  add  millions  of 
dollars  per  annum  to  their  incomes,  and  at 
the  same  time  largely  benefit  the  consumer. 
General  development  can  only  be  accom- 
plished by  an  extended  system  of  railways  ; 
quick  development  can  only  be  attained  by 
cheap  transportation.  We  may  therefore 
conclude  that  the  narrow-gauge  railway  is 
by  far  the  best  means  for  a  general  and 
quick  development  of  our  resources,  for  the 
following  reasons : 

(1.)  Costing  only  about  one-half  &§  much 
as  the  broad  gauge,  it  is  within  the  means 
of  all  sections  to  build  them ;  hence  will 
enable  them  to  avail  themselves  of  railway 
facilities,  where  otherwise  they  will  be  com- 
pelled to  dispense  with  them. 

(2.)  From  their  small  cost,  light  operating 
expenses  and  small  interest  account,  they 
will  prove  to  be  paying  investments. 

(3.)  They  will  supply  the  great  want  of 
the  age,  cheap  transportation. 

(4.)  Cheapening  transportation,  they  will 
develop  dormant  interests  more  rapidly  than 
our  present  costly  structures,  with  their  high 
rates,  can  possibly  do. 

(5.)  Their  general  adoption  in  sections 
without  railway  facilities,  will  enhance  the 
value  of  properties  largely  in  excess  of  their 
cost. 

(6.)  Penetrating  those  sections,  and 
rapidly  developing  their  resources  by  low 
rates,  they  will  bring  a  large  new  business 


to  the  broad-gauge  roads,  enabling  them  to 
reduce  their  rates,  and  thereby  stimulate 
old,  and  develop  new  interests. 

(7.)  A  failure  to  adopt  the  narrow  gangs 
in  the  sections  referred  to  will  necessarily 
defer  the  construction  of  railways  until 
such  time  as  their  means  will  admit  of  the 
more  costly  broad  gauge,  with  its  conse- 
quent high  rates. 

COMMITTEE. 

W.  H.  Greenwood,  Manager  Denver  &  Rio 
Grande  Railway,  Denver,  Col.,  Chairman. 

E.  Wragge,  Chief  Engineer  Toronto, 
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Nipissing  Railway,  Toronto,  Canada. 

T.  H.  Millington,  Chief  Eng.  Mo.  & 
Kansas  Railway  Co.,  Bolivar,  Tenn. 

A.  W.  Bell,  of  Porter,  Bell  &  Co.,  Loco- 
motive Builders,  Pittsburgh,  Penn. 

D.  E.  Small,  of  Billmeyer  &  Small,  Car 
Builders,  York,  Penn. 
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Jackson  &  Sharp  Company,  Car  Builders, 
Wilmington,  Del. 

Lucient  Scott,  Vice-President,  Kansas 
Central  Railway  Co.,  Leavenworth,  Kansas. 

Chas.  H.  Howland,  Cairo  &  St.  Louis 
Railway  Co.,  St.  Louis,  Mo. 

W.  M.  Kasson,  Chief  Eng.  St.  Louis  & 
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Louis  Railway  Co.,  Luray,  Va. 
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Captain  H.  W.  Tyler  had  been  accus- 
tomed for  many  years  past  to  hear  con- 
stant complaints  against  the  manufacture 
of  rails.  It  had  been  said  that  the  manu- 
facturers had  lost  the  art  of  making 
rails — that  the  introduction  of  the  hot-blast 
had  enabled  them  to  work  up  inferior  ores 
— that  it  was  impossible  to  obtain  either 
good  material  or  good  workmanship — and 
that,  in  fine,  good  durable  rails,  such  as 
were  formerly  supplied,  were  not  to  be  got 
at  any  price.  It  was  also  said  that  rails 
were  wearing  out  in  this  country  in  six 
months,  in  situations  where  they  formerly 
lasted  for  years  ;  and  that  those  sent  out  of 
this  country  for  foreign  consumption  were 
worse  than  those  manufactured   for   home 


consumption.  He  had  quite  recently  real 
a  letter,  from  the  other  side  of  the  Atlantic, 
from  a  gentleman  of  great  experience,  who 
did  not  believe  that  English  manufacturers 
could  now  make  durable  rails,  and  who 
thought  that  there  was  no  remedy  but  the 
employment  of  steel.  Last  summer  he  saw 
steel  rails  being  laid  down  on  fines  in  the 
United  States,  which  cost,  including  trans- 
port and  a  very  heavy  duty,  about  £25  per 
ton.  Only  a  few  weeks  ago,  he  had  inquired 
into  an  accident  in  the  Penge  tunnel  of  the 
London,  Chatham  and  Dover  Railway, 
which  was  occasioned  by  the  failure  af  a 
rail,  certainly  very  badly  made,  the  top  of 
which  had  fallen  away  in  six  pieces,  and 
he  saw   many   near   it  failing  in  a  similar 
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manner.  During  a  recent  inspection  of  the 
Grand  Trunk  Railway  of  Canada,  he  found 
that  rails  laid  down  within  the  last  few 
years  had  been  failing  to  an  extraordinary 
extent,  and  that  portions  of  the  line  relaid 
with  new  rails  were  obliged  to  be  again 
•  renewed  in  from  three  to  five  years,  while 
the  older  rails  were  still  necessarily  kept  in 
the  track. 

Now  he  had  been  carefully  considering 
this  question,  both  in  England  and  in  Ame- 
rica ;  and  particularly  with  reference  to 
Canada — where,  in  consequence  of'  the 
severity  of  the  climate,  rails  of  good  quality 
were  still  more  required  than  in  England. 
The  road  was  there  in  a  perfectly  rigid  con- 
dition, for,  say  five  months  in  the  year,  and 
the  thermometer  sometimes — 40  deg.,  with 
the  frost  penetrating  5  ft.  into  the  ground. 
But  under  those  circumstances  the  dura- 
bility of  the  rails  was  very  various ;  some  of 
them  lasting  six  times  as  long  as  others, 
under  the  same  description  of  traffic.  He 
found  this  was  not  a  question  of  price ;  for, 
strangely  enough,  the  cheaper  rails  had 
lasted  longer  than  those  for  which  a  higher 
price  had  been  paid,  in  some  cases  at  the 
feuggestion  of  manufacturers,  to  insure 
greater  durability.  The  failures  appeared 
to  be  irrespective  of  the  specification,  and 
of  tests  applied.  The  principal  defect  was 
undoubtedly  imperfect  welding;  and  those 
rails  which  had  worn  best  were  generally 
those  which  showed  on  their  fractured  sec- 
tions coarse  crystals,  and  what  would  be 
called  inferior  quality.  He  did  not  be- 
lieve that  all  the  defects  of  manufacture 
which  had  been  witnessed  or  experien- 
ced were  due  to  faulty  specifications.  In 
truth,  the  engineers  had  generally  consult- 
ed the  manufacturers  in  drawing  up  those 
specifications.  The  difficulty  had  been  to 
obtain  durable  rails  under  any  specifica- 
tion. And  when  the  number  of  specifica- 
tions was  complained  of,  for  he  had  heard 
a  manufacturer  saying  the  other  day  that 
he  possessed  copies  of  two  hundred  and  fifty 
different  specifications,  it  must  be  remem- 
bered that  a  different  specification  was  ne- 
cessary in  the  case  of  each  manufacturer, 
and  of  each  section  of  rail,  and  was  allow- 
able in  the  case  of  each  engineer. 

In  regard  to  tests,  he  believed  that  harm 
had  been  done  by  requiring  manufacturers 
to  make  rails  subject  to  the  test  of  too  heavy 
a  falling  weight.  He  had  heard  rails 
spoken  of  as  being  extra  good  because  they 
■would  stand   17   cwt.  falhne:  25  ft.     Such 


rails  were  no  doubt  defective  in  other  essen- 
tial qualities. 

In  answering  the  question  how  to  get  a 
durable  rail,  it  must  be  first  determined 
what  was  required  in  a  rail.  A  rail  had 
often  enough  been  compared  to  a  continuous 
girder  ;  but  it  was  much  more  ;  for  while 
it  was  required,  like  a  girder,  to  resist  com- 
pression principally  in  its  upper,  and  tension 
chiefly  in  its  lower  chord,  it  was  further 
required  while  deflecting  very  slightly,  to 
wear  gradually  away  under  traffic  on  its 
upper  flange,  and  to  resist  such  wear  and 
tear  to  the  utmost.  He  by  no  means  agreed 
in  comparing  the  action  of  the  wheel  and 
the  rail  to  a  hammer  and  anvil,  because, 
when  the  rolling  weights  inflicted  a  blow, 
they  did  so  with  the  intervention  of  springs. 
When  the  rails  were  shallow,  or  wanting  in 
depth,  the  blows  became  more  serious,  and 
failures  by  crushing  at  the  ends,  even  when 
the  joints  were  fished,  were  more  apt  to 
occur;  but  when  the  section  was  deep, 
and  deflection  was  immaterial,  the  fish  was 
more  perfect,  and  a  rolling  crushing  action 
was  the  principal  effect  to  be  encountered. 

In  regard  to  the  best  form  of  rail,  what- 
ever the  reason  might  be,  it  was  certain 
that  the  double-headed  section  of  rail  was 
mostly  adopted  in  England  ;  while  on  the 
continnent  of  Europe  and  America,  such  a 
section  was  only  exceptionally  seen.  There 
were  two  principal  reasons  for  the  adoption 
of  the  double-headed  section  :  rails  of  that 
section  had  a  broader  base  by  means  of 
chairs,  and  they  might  be  turned  so  as  to 
wear  out  four  instead  of  two  edges.  But, 
on  the  other  hand,  there  were  strong  rea- 
sons against  their  adoption.  They  were 
raised  higher  over  the  sleepers,  having  the 
chairs  below  them  ;  an  amount  of  metal 
was  put  into  the  chairs  which  might  with 
greater  advantage  be  put  into  the  rails ; 
they  could  not,  as  a  matter  of  manufacture, 
be  made  equally  durable  and  serviceable 
in  both  heads  ;  and  when  turned,  they  were 
more  or  less  defective,  and  unserviceable. 

With  the  Vignoles  rail,  on  the  other 
hand,  the  engineer  and  the  manufacturer 
might  combine  to  make  a  hard  durable  head 
without  fear  of  a  rail  that  would  break  in 
the  track,  because  they  could  at  the  same 
time  use  fibrous  material  in  the  lower 
flange ;  and  with  this  section  all  risk  of 
loose  keys  was  avoided,  and  there  was  also 
the  advantage  of  fewer  parts. 

It  was  a  prevalent  idea  that  the  Vig- 
noles rail  was  not  a  good  form  of  rail  for 
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traffic  at  high  speed,  but  he  couldnot  himself 
see  the  objection.  He  believed,  on  the  con- 
trary, that  when  deep  in  section,  with  a 
good  broad  base,  and  laid  on  square  cross- 
sleepers  at  a  proper  distance  apart,  it  form- 
ed the  safest  permanent  way  that  could 
be  constructed  for  any  speed. 

In  regard  to  quality,  that  to  some  extent 
depended  upon  the  form.  As  he  had 
already  said,  a  harder  and  more  brittle  head 
could  be  used  with  the  Vignoles  than  with 
the  double-headed  section.  Any  rail,  what- 
ever might  be  the  quality,  which  would  not 
crush  from  bad  welding,  would  last  for  a 
considerable  time.  He  had  an  aversion  to 
steel-topped  rails,  knowing  that  the  steel 
and  the  iron  welded  at  different  heats,  and 
believing  that  under  the  most  careful  system 
of  manufacture,  a  large  proportion  of  steel- 
topped  rails  must,  sooner  or  later,  fail  from 
the  separation  of  the  steel  from  the  iron. 
He  had  seen  numerous  cases,  in  different 
situations,  where  the  steel  had  come  off 
bodily,  aud  he  conceived  that  even  the  steel 
tops,  which  were  originally  well  united, 
must  be  liable,  in  consequence  of  being 
rolled  out  under  the  traffic,  sooner  or  later, 
to  separate.  He  therefore  thought  that  the 
statement  in  the  Table  was  deceptive.  The 
general  question  of  the  relative  advantages 
of  steel,  as  compared  with  iron,  granting 
that  the  manufacturers  would  still  make 
good  iron,  was  simply  one  of  price.  Every 
one  must  admit  the  advantage  of  a  homo- 
geneous rail,  the  structure  of  which  ren- 
dered lamination  impossible ;  but  it  was  not 
every  Railway  Company  that  could  afford 
to  pay  a  high  price  for  steel  rails  for  other 
than  exceptional  parts  of  their  line. 

He  believed  that,  while  guarantees  were 
good  in  their  way,  and  particularly  in  Eng- 
land, when  rails  could  easily  be  returned  to 
the  makers,  there  was  one  method  which 
would  be  better  in  the  end  than  specifica- 
tions or  tests,  and  that  was  the  unreserved 
publication  of  the  results.  If  all  engineers 
would  combine  to  collect  and  record  the 
price,  the  wear  and  tear,  and  the  durability 
of  each  sample  of  rails  from  the  various 
makers,  and  to  publish  their  records  annu- 
ally with  the  reports  of  the  companies,  the 
manufacturers  would  be  subjected  to  a 
wholesome  competition  with  each  other, 
which  could  not  but  be  attended  with  the 
best  effects. 

Mr.  J.  A.  Longridge  said  that  the  first 
malleable  iron  rails  were  made  by  his  father 
at  the  Bedlington  Iron  Works.     There  was 


a  strong  contest  in  those  days  as  to  the 
comparative  merits  of  malleable-iron  rails 
and  caet-iron  rails  ;  and  the  principal  objec- 
tion against  the  malleable-iron  rails  was 
that  they  laminated  and  exfoliated.  Engi- 
neers were  then  in  favor  of  cast-iron  rails 
in  preference  to  wrought-iron,  and  among 
them  was  George  Stephenson.  The  first 
wrought-iron  rails  were  laid  on  a  private 
railway  for  eoveying  coals  to  the  Bedling- 
ton Hon  Works ;  and  to  George  Stephen- 
son's credit  it  must  be  said,  that  when  he 
saw  that  although  they  did  bend  they  re- 
covered their  form  again,  he  at  once  re- 
commended their  adoption,  instead  of  cast- 
iron  rails,  although  he  had  a  pecuniary  in- 
terest in  the  latter.  The  manufacturers 
could  still  make  as  good  or  better  malleable- 
iron  rails  than  were  produced  at  that  time, 
or  when  the  London  and  Birmingham  Rail- 
way was  in  course  of  construction ;  and  if 
the  manufacturer  was  not  bound  by  absurd 
tests  on  the  one  side,  and  by  a  specification 
which  might  suit  one  iron  but  would  not 
suit  another,  and  the  sort  of  rail  that  was 
wanted  was  clearly  stated,  an  excellent  rail 
could  now  be  produced  for  a  fair  price.  A 
weight  of  3  cwt.  falling  from  a  height  of  20 
ft.  on  the  rails  was  equal  to  an  accumula- 
ted shock  on  the  rails  of  3  tons.  Suppos- 
ing the  weight  on  a  driving-wheel  of  a  loco- 
motive engine  to  be  7  tons,  and  that  at  a 
joint  in  the  permanent  way  one  rail  stood  £ 
of  an  inch  above  the  adjoining  one,  then  the 
velocity  with  which  that  would  fall  would 
accumulate  a  shock  on  the  rail  of  -i-th  of  a 
ton,  instead  of  3  tons,  as  in  the  case  of  the 
falling  weight.  He  thought,  therefore, 
that  such  a  falling  weight  was  an  absurd 
test.  He  did  not  deny  t'aat  the  dead- weight 
test  would  give  a  certain  result ;  but  he 
was  sure  that  almost  any  rail  woiild  amply 
support  whatever  weight  might  come  on  it 
as  a  dead  weight.  He  did  not  agree  with 
Captain  Tyler  that  the  form  of  the  Yigno- 
les  rail  was  advantageous,  because  crystal- 
line iron  could  be  put  where  it  was  in  com- 
pression, and  fibrous  iron  where  it  was  in 
tension.  That  was  very  true  if  a  rail  was 
supported  simply  between  two  joints,  but 
inasmuch  as  a  rail  was  a  continous  girder, 
in  a  certain  position  of  the  load  the  top  of 
the  rail  was  in  tension  and  the  bottom  of 
the  rail  in  compression  ;  therefore  if  fibrous 
iron  was  required  in  one  part  it  was  re- 
quired also  in  another.  Yet  rails  were  all 
so  amply  strong,  that  it  was  not  a  question 
of  the  strength  of  a  rail,  but  of  its  dura- 
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bility.  Iron  rails  should  not  be  condemned 
because  they  wore  out,  but  an  attempt 
should  be  made  to  reform  the  rolling  stock. 
The  enormous  weight  put  on  the  driving- 
wheels  crushed  the  rails ;  and  he  thought  coni- 
cal wheels  fixed  to  the  axles  should  be  discard- 
ed, as  being  very  injui'ious  to  the  rails  ; 
the  better  system  would  be  to  have  every 
wheel  revolving  independently.  Mr.  Cross 
had  tried  this  plan  on  the  St.  Helen's  fine 
with  perfect  success.  He  did  not  approve 
of  the  conical  wheel,  because,  even  if  the 
wheels  were  revolving  independently,  one 
portion  of  the  wheel-tyre  must  be  sliding. 
Take  the  ordinary  cone  of  the  wheel,  and 
theordinary  width  of  itsbearing  on  the  rail  as 
only  |  of  an  inch ;  then  with  a  train  of  100 
tons  moving  at  the  rate  of  20  miles  an  hour, 
there  would  be  a  grinding  action  equal  to 
lfd  horsepower;  and  if  the  train  moved 
at  the  rate  of  60  miles  an  hour,  it  would  be 
equal  to  a  grinding  action  of  5  horse  power.* 
This  must  have  a  prejudical  effect  on  the 
wear  of  the  rails.  If  they  were  simply  sub- 
jected to  a  rolling  motion,  they  would  last 
for  an  indefinite  period  ;  and  he  was  sui'e  it 
was  mainly  due  to  the  conical  form  of  the 
wheels  that  the  grinding  and  wearing  mo- 
tion took  place  ;  and  this  was  increased  by 
putting  gravel  and  sand  on  the  rails  when 
they  were  at  all  greasy.  He  thought  that 
steel  tyres,  which  were  now  being  adopted, 
working  on  steel  rails  lessened  the  adhesion, 
and  that  the  weight  on  the  driving-wheels 
would  have  to  be  increased.  Therefore  he 
maintained  that  wrought-iron  rails  should 
not  be  discarded.  The  proper  course  to 
pursue  was  to  reform  the  rolling  stock,  to 
distribute  the  weight  on  a  greater  number 
of  driving-wheels,  to  have  wheels  revolving 
independently,  and  to  abolish  the  conical 
wheel. 

Captain  H.  W.  Tyler  observed  that  Mr. 
Longridge  had  stated  that  it  was  necessary 
to  provide  for  tensile  strain  in  the  top  flange 
as  well  as  the  bottom  flange  of  a  rad.  Now, 
in  any  case  in  which  a  weight  was  applied 
on  each  side  of  a  sleeper,  the  top  flange  of 
the  rail  no  doubt  would  be  more  or  less  in 


*  The  formula  for  this  was — 

TI  w  v  b 

Horsepower  = 


3S,UUU/.  n  U. 
When  w  =  total  weight  of  train  in  lbs. 

"      v  =  velocity  of  train  in  feet  per  minute. 
'•      6  =  breadth  of  surface   of  tyres  in  contact  with 
the  rail. 

"    —^  =  coefficient  of  friction. 

"     —  =  degree  of  conicity  of  tyres. 

n 
"     D  —  diameter  of  wheel  in  feet. 


tension ;  but  in  reality  and  in  practice  the 
distance  between  the  engine-wheels,  and 
especially  the  driving-wheels,  was  at  least 
5  or  6  ft.,  while  it  was  commonly  more  ; 
whereas  the  distance  between  the  sleepers 
was  only  2|  ft.  or  3  ft.  ;  therefore  there 
could  never  be  a  weight  supported  on  both 
sides  of  any  sleeper  at  the  same  time.  When 
the  rails  were  sufficiently  deep,  and  when 
the  sleepers  were  sufficiently  near  together, 
the  deflection  of  a  rafl  under  passing  loads 
was  imperceptible  ;  and  any  strains  which 
could  be  produced  in  tension  on  the  upper 
flanges  of  the  rails  over  the  sleepers  were 
practically  immaterial,  and  were  not  to  be 
compared  to  the  strains  in  tension  on  the 
lower  flanges  between  the  sleepers. 

Mr.  John  Boyd  thought  that  if  engineers 
abolished  tests  they  would  not  get  rails  as 
good  as  those  now  obtained  ;  although  the 
falling- weight  test  was  perhaps  excessive  at 
the  present  time.  He  did  not  think  the 
mode  of  manufacturing  rails  had  been  suffi- 
ciently considered.  It  was  certain,  that  by 
a  proper  mixture  of  iron  in  the  puddling 
furnace  a  better  rail  could  be  obtained  than 
by  making  use  of  any  one  quality  of  iron ; 
for  instance,  by  a  mixture  of  Cumberland 
"  red  short "  haematite  iron  with  Welsh  iron, 
and  also  with  Cleveland  iron,  both  of  which 
were  "  cold  short."  Sir  Charles  Fox  once 
told  him  that  he  saw  rails  from  England 
being  delivered  in  America,  and  several  of 
them  broke  when  they  were  thrown  down. 
He  had  formerly  known  the  Scotch  fore- 
man who  was  superintendending  the  deliv- 
ery, and  he  said  to  him,  "  What  a  pity  it 
is  your  Railway  Companies  don't  give  £1  a 
ton  more,  and  get  better  rails  than  these." 
The  reply  was,  "  Weel,  Sir  Charles,  they  are 
just  as  guid  as  the  bonds  we  gie  for  them." 
Before  giving  a  judgment  on  the  wear 
of  the  rails,  it  should  be  known  how  these 
rails  which  only  lasted  three  or  four  years 
were  paid  for.  If  engineers  did  not  specify 
the  mode  of  manufacture,  they  should 
at  least  specify  the  description  of  iron  of 
which  the  pile  should  be  formed ;  and  he 
would  suggest  that  the  top  and  bottom 
slab  of  the  whole  length  and  breadth  of  the 
pile  should  be  formed  of  No.  2  hammered 
"all  mine-refined"  iron,  and  the  intermediate 
slabs  of  the  whole  length  of  the  pile  laid 
so  as  to  break  joint,  of  puddled  bars,  and 
that  the  quantity  of  cinder  in  them  should 
never  exceed  one-sixth  of  the  whole  burden 
on  the  furnace,  and  that  no  crop  ends 
should  be  used,  and  the  thickness  of  the 
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slabs  be  so  arranged  that  all  parts  of  the 
pile  should  be  reheated  simultaneously. 

He  was  of  opinion  that  moderate,  and 
particularly  falling  tests  should  not  be  dis- 
continued ;  and  that  care  should  be  taken 
that  the  bulk  of  all  the  rails  really  were 
equal  to  the  quality  of  the  tested  rails ;  as 
it  was  notorious  that  rails  said  to  have  stood 
the  test  stipulated  for  by  the  East  Indian 
Railway  Company's  Engineer  at  the  maker's 
works  had  not  borne  the  same  tests  at 
Eotherhithe;  and  in  his  opinion  the  reputa- 
tion of  engineers  and  the  safety  of  the  pub- 
He  required  that  tests  should  not  altogether 
be  abolished. 

He  submitted  the  analysis  of  West  Cum- 
berland haematite  Bessemer  pig  iron,  which 
was  extensively  tTsed  by  the  makers  of 
Bessemer  steel  throughout  the  kingdom  for 
rails  and  other  purposes.  He  advocated 
the  use  of  a  mild  steel  rail,  as  having  most 
adhesion. 

"  report  upon'  the  west   cumberland  '  bes- 
semer '  pig  iron,  bt  dr.  n0ad,  f.  r.  s. 

"  Laboratory,  Kinnerton  Street, 
"  Dec.  mh,  1867. 
"  Dear  Sirs, — I  now  have  the  pleasure 
of  reporting  on  the  last  sample  of  Bessemer 
Iron  which  you  sent  me  for  analysis.  I 
consider  it  to  be  first-rate  iron  ;  the  quantity 
of  silicon  being  by  no  means  excessive,  and 
sulphur  and  phosphorus  wholly  unimpor- 
tant. 

"  I  am,  dear  Sirs, 

"  Yours  very  faithfully, 
"  (Signed)         Henry  M.  Noad. 
"  Messrs.  West  Cumberland  Hematite 
"Iron  Co.,  Workington" 

Analysis. 

per  cent. 

Graphite 3.850 

Silicon 1  728 

Sulphur 0  030 

Phusphorus   0.044 

Manganese 0 .  072 

Titanic  acid 0  152 

Iron 94  124 

100.000 

"report  upon  the  same  by  dr.  tosh. 

"  Chemical  Laboratory,  Mabyport, 
"  Dec.  9th,  1867. 
"  The  specimen  of  pig  iron  received  on 
the  27  th  ult.  has  been  found  to  have  the 
following  composition  : — 

per  cent. 

Carbon  |M  ^»Phite 3^9l    4  485 

(combined 496J     ^•^°° 

Silicon . .     1 .  707 


Sulphur 008 

Vhosph  'jrus 025 

Titanium trace. 

Manganese 219 

Iron 93. 724 

100  228 

"  From  the  above  results  I  have  no  hesi- 
tation in  saying  that  this  iron  is  of  excellent 
quality. 

"  Considered  with  regard  to  its  adapt- 
ability for  Bessemer  steel  making,  it  is  in 
every  respect  one  of  the  best  irons  which  I 
have  examined. 

"  (Signed)       Edmund  G.  Tosh,  Ph.  D. 
"  Messrs.  West  Cumberland  Haematite 
"  Iron  Co.,  Workington." 

Mr.  F.  D.  Banister  gave  some  details  of 
the  wear  of  rads  on  the  Brighton  Railway, 
and  illustrated  his  remarks  by  a  tabular 
statement.  On  the  first  12  f  miles  of  the 
line  from  the  London  end  towards  Brighton, 
which  carried  the  South  Eastern  and  the 
Brighton  main  and  local  traffic,  a  length  of 
seven  miles  being  a  quadruple,  and  the  re- 
mainder a  double  line,  the  total  expenditure 
in  rails  for  ten  years,  from  1856  to  1866, 
had  been  £20,865,  or  £1591  3s.  lOd.  per  mile 
per  annum ;  giving  a  percentage  on  the 
original  cost  of  £12.11,  and  showing  a  life 
of  8.10  years.  In  the  suburban  district, 
from  Victoria  to  Norwood,  on  the  West 
End  and  Crystal  Palace  line,  the  expendi- 
ture per  mile  per  annum  was  £77  ;  the 
total  expenditure  in  ten  years,  £8,097  ;  the 
percentage  of  these  on  the  original  cost  per 
mile  per  annum,  £9.31,  and  the  life  of  the 
rails,  10.73  years.  On  the  remainder  of  the 
main  line,  from  Red  Hill  to  Brighton,  the 
expenditure  per  mile  per  annum  was  £52 
7s.  4d.;  in  ten  years,  £21,712;  giving  a  per- 
centage of  wear  of  £8.53  per  mile  per  an- 
num, and  a  life  of  11.71  years.  On  the 
coast  lines,  Brighton  to  St  Leonards,  and 
Brighton  to  Portsmouth,  the  results  were 
nearly  the  same — expenditure,  £10  per 
mile  per  annum  ;  total  expenditure,  £15,000  ; 
and  a  percentage  of  £1.91  per  mile  per  an- 
num on  the  original  cost.  There  were  some 
curious  results  on  local  lines.  On  the  line 
between  Wimbledon  and  Croydon  the  ex- 
penditure in  rails  in  ten  years  has  been 
£11  6s.  8d.  per  mile  ;  total  expenditure, 
£511.  On  the  coast  hue,  from  Lewes  to 
Newhaven,  which  had  been  in  use  for 
twenty  years,  the  expenditure  for  the  last 
ten  years  had  been  only  14s.  lOd.  per 
mile  per  annum  for  rails.  That  showed 
that  those   rails    were   remarkably   hard  ; 
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they  had  worn  very  well,  but  more  broken 
rails  had  been  found  there  than  on  any 
other  part  of  the  system.  The  general  result 
of  the.  ten  years'  wear  was  an  expenditure 
for  rails  of  £78  4s.  lid.  per  mile  per  annum, 
and  a  percentage  on  the  original  cost  of 
£8.07  ;  the  average  maintenance  of  works 
over  that  portion  was  about  £892  lis.  lOd. 
per  mile  ;  so  that  the  percentage  for  wear 
of  rails  upon  the  £392  lis.  lOd.  was  nearly 
20,  and  the  average  life  had  been  14  years. 
He  mio-ht  mention  that  between  the  bridge 
over  the  Thames  and  the  Victoria  Station 
the  rails  originally  laid  by  Mr.  Fowler  were 
of  iron  ;  they  lasted  two  years,  and  had 
been  twice  renewed ;  but  they  had  now 
been  replaced  by  rails  of  steel.  On  a  por- 
tion of  the  line  near  Bricklayers'  Arms 
Station,  in  the  summer  of  1864,  he  had  laid 
down  400  yards  of  steel  rails,  manufactured 
by  Sir  John  Brown  &  Co.  Over  that  por- 
tion on  the  down  line  the  whole  of  the 
South  Eastern  and  Brighton  traffic  had 
passed,  being  16,500,000  tons,  in  3  years 
and  8  months.  Those  rails  had  been  care- 
fully measured,  and  he  found  that  the  wear 
had  been  a  little  more  than  ygth  of  an  inch. 
The  iron  rails  adjoining  were  worn  out  in 
about  16  months,  with  a  traffic  of  about 
6,000,000  tons,  the  speed  in  both  cases 
being  30  miles  an  hour. 

Mr.  W.  Bridges  Adams  observed  that  in 
the  question  of  rail  manufacture,  the  engi- 
neer was  the  designer  of  the  form,  strength, 
and  quality  required,  if  he  were  a  veritable 
constructive  engineer,  while  the  manufac- 
turer was  the  producer  of  what  would  sell 
and  make  most  profit.  The  ironmaster 
preferred  pigs,  "  the  sow  and  pigs,"  in  cast 
iron  ;  next,  heavy  round  bars,  then  square 
bars,  then  the  section  of  a  parallelogram, 
then  the  parallelogram  channelled  to  make 
a  rail ;  but  improved  forms  he  called  fancy 
iron,  and  eschewed  them,  if  he  could,  till  a 
sufficient  pressure  was  put  upon  him  by  the 
fear  of  losing  trade.  The  quality  prized  in 
Bessemer  rails  was  homogeneity.  Whether 
they  were  steel  or  iron  was  not  a  settled 
point.  Mr.  Bessemer  himself  did  not  de- 
cide whether  they  were  steel  or  iron. 
Probably  they  were  steel,  from  the  fact  of 
their  breaking  uncertainly,  and,  as  shown 
by  a  sample  on  the  table,  the  same  bar 
breaking  within  a  foot  of  the  upper  edge, 
where  it  was  turned  down  under  the  engine- 
wheel  as  though  it  were  a  piece  of  lead. 
A  good  rough  test  for  steel  would  be  hard- 
ening and  tempering  a  portion  for  a  spring. 


Steel  must  be  used  either  hardened  and 
tempered  equally,  or  annealed  throughout 
If  neither  of  these  processes  were  resorted 
to,  it  would  be  irregularly  hard  and  soft, 
and  would  infallibly  break.  This  was 
probably  the  reason  why  the  maxim  had 
grown  up — "  keep  them  soft."  Bessemer 
rails  in  their  best  form  were  homogeneous 
iron,  and  would  of  course  rub  away  under 
heavy  friction,  like  any  other  homogeneous 
iron  equally  soft ;  but  they  would  not  lami- 
nate, as  iron — not  being  homogeneous — was 
liable  to  do.  Iron  rails  were  made  by  what 
was  called  piling,  *.  e.  iron  in  short  lengths 
of  differing  quality,  covered  over  with  scale, 
everywhere  except  at  the  ends,  where  they 
were  not  intended  to  be  united.  These  piles 
were  full  of  hollow  scale-cells,  to  which  the 
air  got  access  while  in  the  furnace,  and  when 
rolled  out  they  were  a  mere  series  of  fibres 
and  ribands,  separated  by  scale,  in  straight 
lines  ;  and  if  farther  rolled  out,  they  would 
still  be  straight  fibres,  and  not  gnarled  in 
curves  like  the  grain  of  oak  or  elm,  or  like 
tinplate  or  sinuous  iron,  or  like  double  thin 
steel,  piled  and  curved  and  re-piled,  or  Da- 
mascus sword  blades,  or  the  original  puddle 
bloom  from  the  furnace.  It  seemed  desir- 
able with  siugle-headed  rails  to  obtain  a 
hard  granular  top  and  a  fibrous  bottom  to 
the  rail,  and  it  was  possible  to  obtain  blooms 
of  those  opposite  qualities  at  the  pleasure 
of  the  puddler.  There  was  a  process  of 
uniting  two  such  blooms  without  any  scale 
between  them,  and  therefore  of  rendering 
them  homogeneous.  They  required  to  be 
flattened  under  the  hammer  into  oblong 
slabs,  with  good  surfaces  and  squared  edges, 
and  then  to  plane  the  two  surfaces  which 
were  to  be  united  to  a  close  fit.  Placed  to- 
gether, and  heated  in  the  furnace  to  a  weld- 
ing heat,  they  would  roll  out  homogeneously. 
But  when  the  best  rails  were  produced,  the 
question  arose  as  to  the  most  judicious  mode 
of  applying  them  in  fine.  A  sample  rail  of 
the  bridge  form  from  the  South  "Wales  line, 
after  being  down  for  many  years,  appeared 
as  good  as  ever.  But  it  had  been  laid  on  a 
continuous  longitudinal  timber,  and  was 
boarded  on  the  top,  to  make  the  iron  cross 
the  fibres  of  the  wood ;  for  it  had  been 
found  in  practice  that  with  the  rails  parallel 
to  the  fibres  the  longitudinal  logs  split. 
The  rail  was  perfectly  granular,  and  had  it 
been  used  with  intermediate  chairs,  it  would 
probably  have  broken.  Chairs  formed  an- 
vils to  rails,  and  notohed  them  below  while 
they  were   bruised   above   by  the   wheels. 
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Neither  had  fish-joints  yet  been  perfected. 
Some  elasticity  must  be  given,  not  positive 
play,  but  a  vibratory  elasticity,  and  a  true 
joint  connection. 

Increased  speeds  had  to  be  provided  for, 
multiplied  threefold  for   7  and  8  tons  load 
on  each  driving-wheel,  instead  of  two,  and 
for  increased  length  of  wheel-base  growing 
from  7  ft.  and  8  ft.  to  16  ft.  and  30  ft.,  and 
constantly  increasing  curves  on  the  fines  of 
rails.     In  sfiort,  long  rigid  parallelograms 
were  being  driven  round  very  sharp  curves, 
the  wheels   at   a   tangent   with   the   rails. 
What  the  amount  of  grinding  was  might  be 
gathered  from  the  reversal  of  a  double-head- 
ed rail.     It  at   first   presented    a  series    of 
square-edged  notches,  \  in.  deep ;  at  the  end 
of  a,  week  the  edges  were  taken  off;  in  anoth- 
er week  the  metals  became  small  curves,  then 
large  curves,  and  gradually  the  rail  became  a 
level  plane.     If  the  wheels  rolled  instead  of 
sliding,  they  would  simply  roll  over  the  curv- 
ed surfaces  ;  but  as  they  slid,  they  became  a 
planing-machine,  and  cut  off  the  projecting 
metal.     To  get  rid  of  the  friction,  it  was 
necessary  first  to  radiate  the  axles  so  that 
the   wheels    would  always   be   in   parallel 
planes  to  the  rails,  whether  on  straight  lines 
or  on  curves,  or  double  reverse  curves.    Then 
to  form  the  carriages  with  curved   spring- 
ends  instead  of  side-buffer  rods,  to  use  short 
openings  between  the  vehicles,  closing  the 
trains  to  lessen  resistance,  and  prevent  the 
vehicles  riding  on  each  other's  backs  in  col- 
lision, to  use  continuous  breaks,  self-acting 
by  gravitation,   like    steelyard   levers — the 
normal  condition  to  be  pressing  against  the 
wheels,  lifted  by  guard  or  driver,  and  in- 
stantaneously in  action  on  inclines,  in  case 
of  a  coupling  breaking.     When  these  things 
were  done,  the  engine-power  might  be  re- 
duced, and  the  weight  of  the  engines  or  the 
load  of  the  train  might  be  increased.     Tank 
engines  were  used,  because  they  could  run 
with  either  end  forward.     Tender  engines, 
if  properly  coupled,  making  one  bending 
machine  of  engine  and  tender,  would  do  the 
same.     At   present,  in  order  to  obviate  a 
vicious   design,  the  driver  screwed  up  the 
engine  and  tender  rigidly  together ;  and  a 
long  stiff  body  was  thus  formed,  which  was 
apt  to  get  off  the  fine,  and  which  indeed 
would  not  keep  on  at  all  but  for  its  weight. 
The  question  of  light  engines  and  vehicles 
was  important ;    but  when  the  surplus  re- 
sistance was  removed  the  trains  might  be 
lightened.     Light  trains  should  be  used  for 
light  branch  traffic ;  but  with  traffic  unlim- 


ited, the  loads  on  the  engine  driving-wheels 
should  be  what  the  rails  and  lines  would 
bear  without  being  crushed,  and  the  train 
capacity  should  be  in  conformity.  If  tank- 
engines  were  used  for  long  journeys,  the 
load  of  water,  which  was  a  diminishing  load, 
should  not  be  placed  near  the  driving- 
wheels,  but  as  far  away  as  possible.  Any 
tender-engines  could  be  altered  to  run  ten- 
der foremost  as  steadily  as  a  tank-engine  ; 
and  two  engines  could  be  efficiently  coupled 
together  to  work  as  twins,  with  water-tanks 
for  short  distances,  without  injuring  lines 
or  rails.* 

Mr.  E.  A.  Cowper  had  prepared  a  Table 
showing  roughly  the  different  modes  of 
manufacturing  steel  and  iron,  simply  for 
quick  comparison  of  the  number  of  opera- 
tions in  each  of  the  processes.  In  the  old 
practice  the  iron  used  always  to  be  refined 
before  being  puddled,  but  that  process  was 
now  generally  omitted,  from  economical 
motives,  though  he  was  afraid  in  some  cases 
it  was  but  false  economy,  and  that  the  fre- 
quent very  short  fife  of  a  rail  was  partly 
due  to  it. 

According  to  the  old  process  for  making 
steel  there  was  of  course  the  cementing,  the 
melting  in  pots,  the  hammering  the  ingots, 
and  the  rolling,  in  addition  to  the  refining 
and  puddling.  The  melting  of  steel  in 
quantities  of  about  40  lbs.  each  in  separate 
pots  was  a  most  expensive  process,  the  wear 
and  tear  of  the  furnace  on  such  small  quan- 
tities was  very  great,  and  it  was  therefore 
impossible  to  make  cheap  steel  rails  on  that 
plaa,  though  it  was  admirable  for  tool-steel 
and  other  expensive  kinds.  He  had  put 
Lowmoor  as  the  name  of  a  process,  although 
it  was  practised  at  other  places. 

The  pigs  were  first  taken  and  puddled  to 
produce  hard  iron — iron  with  about  .15  per 
cent,  of  carbon  in  it;  the  ball  was  then 
hammered  thoroughly  into  a  thick  flat 
cake ;  it  was  not  rolled  at  the  same  heat, 
but  it  was  thrown  on  one  side  to  cool.  It 
was  then  broken  up  and  selected,  and  he 
believed  that  the  process  of  examining  each 
piece  and  selecting  the  iron  was  one  of  the 
causes  why  it  had  won  such  an  excellent 
name  for  tyres  and  for  other  things  where 
iron  was  required  to  be  hard.  By  these 
means  it  was  known  that  every  part  was 
hard ;  there  was  no  question  of  one  puddler 
bringing  out  a  soft  ball  and  another  a  hard 


*  Vide  "Railway  Practice  and  Railway  Possibilities,"  by  W. 
Bridges  Adams,  London,  1868, 
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one,    and    the    iron    being   all   mixed   or 
"  piebald." 

Then  came  what  was  commonly  called 
the  "  Marshall "  process.  In  this  there 
was  the  smelting,  the  refining,  the  puddling, 
the  hammering  the  balls,  and  the  rolling 
the  puddled-bars  ;  then  the  "cleaning"  of 
the  iron,  which  was  a  species  of  "  milling,"  j 


and  consisted  in  putting  the  small  pieces  of 
iron,  cut  into  short  lengths,  into  a  cylinder, 
with  a  quantity  of  sand  and  water,  and 
turning  them  round  and  round  until  they 
were  thoroughly  cleansed  from  all  black 
scale  ;  afterwards  this  bright  iron  -was  piled 
and  rolled,  and  "  blacks  "  in  the  iron  were 
thus  avoided. 


Table  showing  the  number  of  operations  in  each  of  the  various  processes  for  making  ircn  and  steel. 


Siemens". 

Old 
Practice. 

Mo  lern 
Pac-ice. 

Lowmoor. 

Marshall. 

Krupp. 

Bessemer. 

Scrap . 

Ore. 

Smelting. 

Smelting. 

Smelting. 

Smelting. 

Smelting. 

Smelting. 

Melting 

Refining. 

Refining. 

Melting 

in  air 

Furnuce. 

Blowing  in 

Converter. 

in  open 
Hearth. 

Puddling. 

Puddling. 

Puddling 

H.  I. 

Hammering. 

Puddling 

Puddling. 

Hammering 

Hammering 

Hammering 

Hammering 

Hammering 

Balls. 

or 

Breaking 

Balls. 

Ingots. 

Balls. 

o 

Squeezing 

and 

Balls. 

Selecting. 

« 

Rolling 

Rolling 

Rolling 

Rolling 

P.  B. 

Piling. 

P.  B. 

riling. 

*     Piling. 
Hammering 

P   B. 

Cleaning. 
Piling. 

P.  B. 

Rolling. 

Rolling. 

Rolling. 

Rolling. 

Rolling 

Melting 
in  open 
Hearth. 

Examining. 

Hammering 
Ingots. 
Rolling. 

Eximining. 
Hammering 

Insrots. 

Rolling. 

Smelting. 

Same  as 

Same  as 

Same  as 

Cementing. 

Puddling. 

Kolling. 
Hardening. 

Breaking 
and 

above. 

above. 

above. 

J 

Selecting. 

w 

Melting 

in  Pots. 

Melting  in 

Melting 

Pots. 

Cast  and 

Wrought 

Iron  in 

Pots.# 

Hammering 

Hammering 

Hammering. 

Ingots . 

Ingots. 

Insrots. 

Rolling. 

Rolling. 

Rolling. 

In  Krupp' s  process  of  making  steel,  the 
metal  was  first  puddled,  then  rolled  into 
bars  about  0.9  in.  or  1.0  in.  sq.,  and  thrown 
into  cold  water,  which,  of  course,  hardened 
the  steel  from  end  to  end.  It  was  then 
broken  up  into  short  lengths,  so  that  every 
piece  of  3  cubic  in.  was  examined  at  both 
ends,  and  it  was  examined  and  selected  ac- 


cording to  quality.  The  pieces  were  then  put, 
like  the  cemented  steel,  into  pots,  melted, 
cast  into  ingots,  hammered,  and  rolled.  A 
sort  of  military  discipline  was  exercised  in 
bringing  the  men  with  the  melted  steel  in  the 
pots  up  to  the  bath,  or  pond  of  metal,  by 
the  sound  of  a  bugle  ;  and  sometimes  more 
than  a  hundred  pots  full  of  steel  were  got 
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together  for  one  cast.  Krupp,  however, 
now  used  Bessemer  steel  largely ;  and  he 
had  many  Bessemer  converters  at  woi'k, 
although  he  did  not  exhibit  any  steel  at  the 
Paris  Exhibition  by  the  name  of  Bessemer 
eteel.  Much  depended  upon  the  manganese 
and  other  ingredients  put  into  the  pots  with 
the  steel  in  this  as  well  as  in  other  places. 

In  the  Bessemer  process  there  was  the 
smelting  the  pigs,  the  melting,  the  blowing, 
the  casting,  the  hammering  and  the  rolling. 
The  blowing  was  the  chief  process,  and  by 
it  either  wrought  iron  or  steel  of  various 
degrees  of  hardness  could  be  produced. 
The  use  of  a  certain  quantity  of  spiegeleisen 
was  of  great  importance. 

Last  on  the  table  were  Mr.  Siemens'  two 
processes.  In  the  first  plan  for  making 
steel,  from  puddled  bars  or  scrap  iron  and 
cast  iron,  the  wrought  iron,  having  of 
course  being  smelted,  puddled,  hammered, 
and  rolled,  was  simply  melted  down  in  a 
bath  of  melted  cast  iron,  in  the  hearth  of  a 
furnace  having  an  intense  heat,  but  no 
oxidizing  flame,  and  the  ingots  were  cast 
from  this  large  bath  of  melted  metal. 

In  Mr.  Siemens'  second  plan  the  iron  ore 
was  brought  into  a  state  of  "  sponge  of 
iron  "  by  the  heat  to  which  it  was  subjected 
in  a  non-oxidizing  atmosphere,  or  one  in 
which  some  carbon  was  present,  though  not 
enough  to  convert  it  into  cast  iron  ;  the  iron 
was  not  in  any  way  exposed  to  a"  cutting 
flame  "  or  "  burnt,"  but  the  drops  of  metal 
were  absorbed,  or,  so  to  speak,  dissolved  out 
of  the  "  sponge  of  iron "  by  the  small 
quantity  of  melted  cast  iron  at  the  bottom 
of  the  hearth.  There  was,  therefore,  in 
this  process  only  the  melting,  examining, 
the  hammering  into  ingots,  and  the  rolling  ; 
thus  by  either  the  first  or  second  process 
there  was  obtained  a  perfectly  homogene- 
ous cast  steel,  or  wrought  iron,  without  any 
blacks  or  bad  welds  caused  by  piling  or  lap- 
ping up  of  cinder  in  the  ball,  as  in  pud- 
dling. 

He  thought  Mr.  Bessemer  was  quite  right 
when  he,  some  years  ago,  said  that  no  per- 
fect metal  could  be  produced  without  its 
being  melted ;  and  now  there  was  a  furnace 
that  produced  such  an  intense  heat,  that 
tons  of  steel  or  wrought  iron  could  be  as 
perfectly  melted  as  the  little  drops  of  steel 
of  40  lbs.  weight  were  in  the  steel  pot-fur- 
nace of  former  days,  and  yet  without  any 
burning  of  the  iron  or  steel.  He  thought 
each  of  the  processes  named  in  the  table 
defended  greatly  for  its  success  on   some 


one  point  being  attended  to.  Thus,  in  the 
old  process,  "  refining"  was  of  great  use  in 
preparing  pure  "  plate-metal  "  before  pud- 
dling ;  while  the  practice  of  "  breaking  and 
selecting  "  in  the  Lowmoor  and  Krupp  pro- 
cesses was  admirable.  The  old  plan  of 
melting  in  pots  was,  and  still  continued  to 
be,  a  very  expensive  process  ;  whereas  tho 
Bessemer  plan  not  only  made  steel  and 
wrought  iron  very  direct  from  cast  iron,  but 
gave  the  power  of  casting  large  ingots 
cheaply,  though  without  the  means  of  ex- 
amining the  metal  in  the  process.  In  Mr. 
Siemens'  plan  there  was  certainly  the  ad- 
vantage of  being  able  to  examine  and  test 
the  metal  under  operation,  and  either  to  in- 
crease or  diminish  the  quantity  of  carbon, 
so  as  to  make  "high"  or  "low"  steel  or 
wrought  iron  at  pleasure;  and  from  the 
casting  of  such  large  quantities  of  metal  at 
a  time,  and  the  economy  of  fuel  in  the  fur- 
nace, excellent  metal  could  be  turned  out 
very  cheaply. 

Mr.  F.  Stileman  stated,  through  the 
Secretary,  that  the  total  annual  cost  for 
maintenance  and  renewal  of  the  permanent 
way  of  railways  was  above  9  per  cent, 
of  their  gross  receipts,  and  in  the  year  1866 
amounted  to  £3,466,668.  This  expenditure 
showed  an  increase  of  £507,709,  or  21.6 
per  cent,  over  the  expenditure  of  the  year 
1863,  the  increased  mileage  for  the  same 
period  being  13.22  per  cent. 

The  estimated  tonnage  of  rails  laid  in 
main  lines  was  2,438,520  tons ;  taking  the 
life  of  iron  at  ten  years,  it  would  require 
243,852  tons,  at  a  cost  of  £7  per  ton,  equal 
to  £1,706,964  to  be  expended  annually  ;  if 
renewed  with  steel  rails,  lasting  double  the 
time,  121,926  tons  would  be  required  at  £11 
per  ton,  equal  to  £1,341,186,  showing  a 
saving  of  £366,778  per  annum,  or  nearly  1 
per  cent,  of  the  gross  railway  receipts. 

Mr  Brunlees  observed,  through  the  Sec- 
retary, that  the  rails  on  main  lines  were, 
generally  speaking,  more  deficient  in  bear- 
ing surface  than  in  quality.  Their  tops 
were  too  narrow  for  the  weight  of  engines 
now  employed,  hence  they  became  lamina- 
ted, and  were  crashed  long  before  they  were 
worn  out.  If  rails  were  made  with  a  top 
double  the  present  width,  or  of  the  same 
width  as  the  tyres  of  the  wheels,  the  crush- 
ing power  of  the  wheel  thus  diffused  would 
be  reduced  to  one-half,  consequently  the 
life  of  a  rail  would  be  doubled.  To  make 
such  a  rail,  a  weight  of  about  30  lbs.  per 
yard  would  have  to  be  added  to  the  80  lb. 
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rail;  but  the  additional  cost  would  only- 
amount  to  one-third  of  the  additional  cost 
of  laying  down  steel  rails  at  80  lbs.  per 
yard.  He  had,  therefore,  no  hesitation  in 
saying  that  the  saving  which  a  wider  top- 
ped rail  would  effect  in  the  wear  of  tyres 
would  alone  very  shortly  pay  for  the  addi- 
tional weight  of  metal ;  whereas,  if  steel 
rails  with  only  the  ordinary  width  of  head 
were  used,  the  wear  of  tyres  would  be  con- 
siderably accelerated.  To  maintain  a  good 
line,  and  a  fair  top  on  the  rails,  more  lateral 
strength  was  required,  and  this  would  be 
gained  in  the  wider  rails.  There  would  also 
be  a  considerable  saving  in  maintenance, 
and  that  sometimes  oscillating,  sometimes 
trembling  motion,  due  to  the  weakness  of 
the  road  and  the  wear  of  the  tyres,  would 
be  completely  done  away  with.  No  doubt 
there  were  special  places  where  steel  rails 
might  be  used  with  advantage,  but,  gener- 
ally speaking,  iron  rails  of  good  quality  and 
of  greater  section,  combined  with  a  judicious 
distribution  of  the  weight  on  the  locomotive 
wheels,  would  meet  a  greater  number  of 
present  desiderata  than  could  be  supplied 
by  the  use  of  steel. 

Mr.  Joseph  Mitchell  expressed  his  opinion, 
through  the  President,  that  the  flat-bottom- 
ed form  of  rail  might  be  the  best,  if  of 
steel,  laid  irrespective  of  expense,  on  a  con- 
tinuous bearing  ;  but  he  doubted  the 
superiority  of  that  form  of  rail  when  laid 
on  cross-sleepers,  for  it  thus  became,  in  fact, 
a  girder  between  two  points  3  ft.  apart. 

It  was  inferior  as  such  to  the  double- 
headed  rail,  as  it  had  less  depth,  being  for 
a  rail  weighing  75  lbs.  per  yard  about  5^-  in. 
in  depth ;  whereas  the  double-headed  rail 
was  generally  5^-  in.  deep,  and  was  formed 
like  a  girder,  with  its  effective  strength  on 
the  upper  and  lower  sides  ;  the  cross-bear- 
ing also  was  only  5  in.,  as  compared  with 
the  bearing  of  the  chair,  which  was  10  in. 

If  the  flat-bottomed  rail  was  made  higher 
than  41  in.,  it  was  apt  to  deflect  -with  the 
weight  of  the  trains.  No  doubt  it  was  the 
cheapest,  but  not  much,  the  saving  not  ex- 
ceeding £70  per  mile. 

Although  the  double-headed  rail,  with 
its  numerous  fastenings,  still  required  im- 
provement, yet,  in  practice,  it  had  been 
found  to  be  the  best,  or  it  would  not  have 
been  continuously  relaid,  and  otherwise  so 
universally  adopted  by  all  the  principal  en- 
gineers throughout  the  kingdom  up  to  this 
time. 

Again,  good  ballast   was    an   important 


element  in  securing  a  sound  and  cheap  per- 
manent way.  If  a  line  was  not  well  bal- 
lasted and  the  ballast  of  good  material,  th<- 
rails  would  never  wear  equally,  however 
superior  might  be  the  quality  of  the  iron, 
If  the  ballast  was  soft  or  clayey,  the  pres- 
sure of  the  trains  would  make  the  rails  sink 
in  wet  weather,  and  thus  create  irreg!1 
ties  which,  with  the  repeated  concussion  of 
the  engines,  tended  much  to  destroy  and 
damage  them.  Now,  on  a  large  portion  of 
the  railways  he  had  made  in  Scotland,  ex- 
tending over  280  miles,  not  only  was  there 
good  gravel  ballast,  but  the  embankments 
and  cuttings  were  mostly  graved.  The 
consequence  was  that  the  motion  of  the 
trains  was  so  smooth  and  easy  as  to  be  a 
matter  of  general  remark.  The  rails  on  the 
first  section  opened,  which  were  double- 
headed,  had  been  down  thirteen  years,  and 
he  had  no  doubt  they  would  last  six  years 
longer. 

He  thought  sufficient  data  had  not  been 
obtained  to  afford  a  satisfactory  conclusion 
on  this  subject,  and  he  suggested  that  per- 
manent-way engineers  might  be  asked  to 
divide  the  lines  under  their  charge  into  sec- 
tions of  10,  20,  or  30  miles,  or  such  other  dis- 
tances as  were  subject  to  similar  traffic  ; 
and  to  report  on  the  nature  of  the  ballast, 
the  size  of  the  sleepers,  the  form  and  weight 
of  the  rails — and,  if  possible,  the  makers' 
names,  the  average  number  of  trains,  and 
the  average  tonnage  passing  over  those 
sections  per  annum ;  also  the  quantity  and 
cost  of  ballast  per  mile,  the  cost  of  wages 
per  mile,  and  the  number  of  sleepers  and 
rails  renewed  in  each  year. 

By  a  return  of  this  nature,  an  accurate 
estimate  of  the  cost  of  the  maintenance  of 
permanent  way  under  every  variety  of  cir- 
cumstances, might  be  obtained,  and  thus 
proprietors  of  railways  might  know,  by 
comparing  the  maintenance  of  one  railway 
with  another,  whether  those  they  were  inter- 
ested in  were  maintained  in  the  condition 
and  at  the  expense  they  ought  to  be. 

Mr.  J.  M.  Heppel  suggested,  through 
the  President,  that  rails  should  be  tested 
directly  for  durability.  Suppose,  for  ex- 
ample, a  pair  of  rails  10  ft.  long  to  be  laid 
down,  and  a  pair  of  wheels  carrying  10  t>  ras 
to  be  kept,  by  a  small  fixed  engine  with  a 
crank  motion,  continually  rolling  backwards 
and  forwards  over  them  till  they  exhibited 
symptoms  of  failure.  It  seemed  to  him 
that  this  would  nearly  represent  the  actual 
condition  under  which  the  wear-  and  tear 
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took  place ;  and  at  any  rate,  as  a  compara- 
tive test  between  different  specimens, 
would  give  very  useful  information.  In 
this  way  in  about  a  month  an  amount  of 
tonnage  might  be  passed  over  equal  to 
that  by  which  the  best  rails  were  worn  out. 
No  doubt  the  tendency  of  such  a  test  would 
be  to  stimulate  the  production  of  hardness 
at  the  expense  of  ductility  ;  and  to  counteract 
this,  some  test  for  the  latter,  such  as  a 
blow  from  a  falling  weight,  would  have  to 
be  added. 

He  thought  that  if  manufacturers  were 
requested  to  tender  on  their  own  specifica- 
tions, but  guaranteeing  a  certain  resistance 
to  impact,  and  a  certain  tonnage  passed 
over  at  a  given  speed,  in  the  way  just  men- 
tioned, a  1  their  special  experience  would 
be  utilized,  and  there  would  be  a  consider- 
able amount  of  security  for  the  result. 

He  was  aware  that  some  difficulty  would 
arise  in  submitting  to  test  a  sufficient  num- 
ber of  specimens  without  undue  expendi- 
ture of  time  and  money.  Still  it  might  be 
managed  ;  and  if  the  results  to  be  expected 
were  as  valuable  as  they  appeared  to  him 
likely  to  be,  a  considerable  outlay  in  ob- 
taining them  would  be  well  repaid. 

Mr.  W.  M.  Neilson  suggested,  through 
the  President,  that  rails  should  not  be  tested 
at  the  works  of  the  makers,  but  at  a  public 
testing-machine,  under  responsible  manage- 
ment, to  which  rails  might  be  sent  for  un- 
dergoing the  test  process.  Experience 
would  give  those  who  managed  this  ma- 
chine facilities  for  discovering  the  different 
qualities  of  rail  submitted  to  them.  Sup- 
pose four  rails  to  be  tested  together,  by 
four  wheels  hooped  with  ordinary  tyres, 
suspended  by  a  lever  pendulum  frame,  the 
wheels  to  be  loaded  to  the  required  weight, 
and  so  carried  by  a  spring  as  to  give  such  a 
shock  to  the  rails  as  might  be  found  desir- 
able. The  lower  end  of  the  lever,  by  touch- 
ing projections  in  its  motion,  would 
cause  the  side  oscillating  motion  ;  and  the 
amount  of  adhesion  might  be  measured  by 
buffer  springs  at  the  ends  of  each  of  the 
rails.  A  simple  attachment  to  a  small  steam 
engine  would  give  the  requisite  motion  to 
the  machine,  which  would,  of  course,  be 
kept  constantly  at  work;  the  number  of 
oscillations  and.  pressures  on  the  buffer 
springs  being  recorded  by  a  tell-tale. 

The  motion  of  the  wheels  round  the  axis 
might  be  regulated  by  springs  or  weights, 
suspended  by  chains  leading  from  pulleys 
over  the  centre   of  the  pendulum    frame ; 


but  the  reverse  motion  of  the  wheels  might 
not  be  a  too  severe  element  in  the  test. 

Mr.  Sandberg  said  the  discussion  had 
been  such  as  to  render  any  reply  on  his  part 
almost  unnecessary.  However,  he  should  like 
to  direct  attention,  first  to  the  steel-headed 
rails,  and  next  to  the  Annuity  Tables.  His 
object  in  alluding  to  the  steel-headed  rails 
arose  from  the  difficulty  which  existed  in 
foreign  countries  in  usefully  employing  the 
worn-out  iron  rails.  In  countries  round  the 
Baltic  and  the  Mediterranean,  they  had 
been  re-rolled  with  iron  slabs,  but  of  late 
Bessemer  steel  had  been  applied  for  the 
heads.  He  never  expected  to  obtain  per- 
fect homogeneity,  nor  to  get  the  same  wear 
out  of  the  steel-headed  as  out  of  the  solid 
steel  rails  ;  and,  therefore,  in  the  annuity 
tables  the  former  were  represented  as  last- 
ing only  half  as  long  as  the  latter.  If  the 
worn-out  iron  rails  could  be  converted  into 
solid  steel  rails  by  Mr.  Siemens'  plan,  it  would 
certainly  be  a  great  advantage  for  railways, 
not  only  in  this  country,  but  in  the  colonies, 
and  indeed  wherever  far  removed  from  the 
seat  of  manufacture.  These  steel  rails 
would,  of  course,  have  to  be  equal  to  the 
Bessemer  rails  in  quality  and  price,  and  if 
Mr.  Siemens  could  succeed  in  making  them 
as  cheap  and  of  equally  good  quality,  he 
would  not  for  a  moment  continue  to  defend 
steel-headed  rails. 

As  to  the  annuity  tables,  some  objection, 
had  been  made  to  the  80  years  taken  as 
the  life  of  solid  steel  rails.  According  to 
his  view,  compound  interest  was  an  impor- 
tant feature  in  arriving  at  a  just  comparison 
between  the  values  of  the  three  descriptions 
of  rail,  and  he  had  no  other  means  of  ex- 
pressing their  relative  capacities  of  enduring 
wear  than  by  giving  their  life  in  years.  He 
thought  that  sufficient  experience  had  been 
adduced  in  this  discussion  from  different 
railways,  to  prove  that  solid  steel  rails  last- 
ed on  an  average  six  times  as  long  as  com- 
mon iron  rails,  though  he  admitted  that 
iron  rails  could  be  made  of  a  quaHty  far 
superior  to  that  usually  employed ;  but  in 
such  a  case  they  might  cost  more  than  steel 
rails ;  and  therefore  in  the  comparison  he 
had  made  he  had  taken  common  iron  rails, 
without  extra  price,  or  any  guarantee,  or 
extra  specification.  There  had  been  fifty 
instances  mentioned  on  the  London  and 
North  Western  Railway,  where  solid  steel 
rails  had  lasted  six  times  as  long  as  iron 
rails ;  instances  of  the  same  kind  had  been 
stated  on  the  London,  Chatham,  and  Dover 
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Railway;  and  on  the  North  London,  in 
about  40  instances,  as  far  as  their  experi- 
ence had  extended  up  to  the  present  time, 
steel  rails  had  lasted  four  or  five  times  as 
long  as  iron  rails.  All  these  steel  rails  were 
still  in  use,  and  in  good  condition.  As  re- 
garded steel-headed  rails,  he  had  received 
a  favorable  statement  from  the  North  Brit- 
ish Railway,  and  that  day  he  had  heard  from 
Mr.  Ashcroft  that  some  of  those  rails  made 
for  the  Swedish  Government,  referred  to  in 
the  paper  (Plan  B,  Plate  14),  and  described 
in  the  discussion  by  Mr.  Menelaus,  had 
been  laid  a  few  months  on  the  South  East- 
ern Eailway,  at  London  Bridge  Station. 
Mr.  Ashcroft  had  given  a  very  favorable 
report  concerning  them.  However,  more 
experience  was  needed  to  prove  that  they 
would  last  three  times  as  long  as  common 
iron  rails.* 

Mr.  Bell  had  expressed  a  fear  as  to  the 
supply  of  pig  iron  for  the  future  make  of 
Bessemer  rails.  The  same  opinion  was 
entertained  by  the  Swedes  five  or  six  years 
ago,  when  the  Bessemer  process  was  intro- 
duced. They  had  actually  tried  to  prove 
that  nothing  could  be  done  without  Swedish 
ore.  ^  However,  very  little  of  the  Swedish 
pig-iron  which  had  come  over  to  this  country 
had  been  employed  for  Bessemer  steel  rails, 
and  there  was  no  doubt  that  the  English 
haematite  would  be  sufficient  for  some  time 
to  come 

With  regard  to  the  statement  that  the 
pig  iron  made  from  Norwegian  ore  at  New- 
castle contained  0.5  per  cent,  of  phosphorus, 
Mr.  Bell  had  admitted  that  the  statement 
applied  to  ore  from  a  lately  opened  mine, 
and  that  it  was  not  applicable  to  the  great 
bulk  of  Norwegian  ore.  His  own  opinion 
was,  that  if  the  English  haematite  ore  should 
not  prove  plentiful  enough,  the  ores  from 
Sweden,  Norway,  Bilboa,  Elba,  and  Amer- 
ica, were  sufficient  to  provide  for  any  future 
want  of  pig  iron  for  the  Bessemer  process. 

As  to  the  tests  of  iron  rails,  very  few 
railway  companies  had  adopted  any  more 
severe  than  those  governments  with  which 

*  Mr.  Ashcroft  has  stated  in  a  letter  to  the  author,  dated  May 
18th,  1869,  that  trains  computed  to  have  weighed  upwards  of 
15,000,000  tons  had  passed  over  the  steel-headed  rails  between 
March,  1868,  and  May,  1869.  These  rails  were  laid  in  the  Lon- 
don Brid/e  yard  of  the  South  Eastern  Railway,  and  he  had 
bean  surprised  to  find  that  they  had  resisted  so  perfectly  (there 
being  no  apparent  failure  whatever  in  them),  when  it  was  con- 
sidered that  they  weighed  only  66  lbs.  per  yard.  Opposite  to 
these  rails  there  had  been  laid  some  iron  rails,  weighing  82  lbs. 
per  yard,  manufactured  by  an  eminent  firm;  the  latter  exhibited 
evident  signs  of  early  failure.  It  should  be  noted  that  all  these 
rails  were  laid  on  a  curve  and  on  a  gradient  of  1  in  100.  and 
where  the  brakes  of  every  train  were  applied  to  stop  at  the 
platform. 
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he  was  connected  ;  that  had  arisen  from  the 
severe  climate  in  the  Scandinavian  coun- 
tries, the  ground  being  often  frozen  3  to  4 
ft.  deep,  and  offering  in  winter  little  or  no 
elasticity.  The  speed  had  to  be  reduced 
considerably  in  the  winter,  to  save  both  tho 
road  and  the  rolling  stock.  Although  it 
was  well  known  that  greater  wear  could  be 
obtained  from  rails  containing  a  large  per- 
centage of  phosphorus,  such  as  those  from 
the  Cleveland  district,  yet  the  greater 
strength,  and  consequent  safety,  of  the 
Welsh  iron  had  been  taken  into  consider- 
ation, and  most  of  the  supply  for  Scandi- 
navia had  been  procured  from  the  Welsh, 
districts.  There  had  been  no  breakages  or 
rails  on  the  Swedish  lines,  but  the  Russians 
had,  during  the  severe  frost  of  1866,  a  great 
number  of  rails  broken ;  the  number 
amounting  to  200  a  week  during  the  mobt 
severe  part  of  the  winter.  These  Russian 
rails  had  been  made  in  this  country,  nearly 
of  the  same  section  (Vignoles)  and  weight 
as  the  Swedish  rails  ;  but  the  test  for  tho 
rails  destined  for  Russia  was  only  half  as 
severe  as  that  for  the  rails  for  Sweden,  the 
latter  being  a  15-cwt.  ball  falling  7  ft.  on 
the  rail,  supported  on  bearings  4  ft.  apart. 

The  statement  that  steel  rails  in  Canada; 
were  not  injuriously  affected  by  cold  so 
much  as  iron  rails,  was  what  might  have 
been  expected.  Steel  was  less  subject  to 
the  influence  of  cold  than  iron,  especially 
when  phosphorus  was  present  in  the  iron. 
But  steel  rails  had  broken  when  the  weather 
was  temperate,  in  ordinary  wear,  and  even' 
in  unloading  from  the  trucks,  as  had  been' 
remarked  by  several  speakers.  These  rails' 
had  been  examined,  and  in  the  generality 
of  cases  they  had  been  found  to  contain  too 
much  carbon.  Still  there  had  been  several 
cases  in  which  steel  rails  had  been  broken, 
without  being  too  hard,  or  containing  too 
much  carbon,  but  from  excess  of  silicon. 
Formerly  it  was  believed  that  the  silicon 
was  eliminated  in  the  Bessemer  process  be- 
fore the  carbon  was  carried  off,  forming  a 
cinder,  which  acted  on  the  carbon  in  the  same 
way  as  in  the  puddling  furnace.  There  was 
now  reason  to  believe  that,  where  there  was 
much  silicon  present,  and  very  little  carbon, 
the  latter  disappeared  before  the  silicon, 
and  some  silicon  was  left  which  rendered 
the  steel  brittle.  Steel  rails  had  been 
broken  on  the  Belgian  State  Railway,  and, 
when  they  were  analyzed,  there  was  found 
to  be  no  excess  of  carbon,  but  so  large  an 
amount  of  silicon  as  0.6  per  cent.      In  an- 


290 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


other  instance  as  much,  silicon  as  carbon 
had  been  found  in  the  metal.  These  facts 
had  been  confirmed  by  Director  P.  Tunner, 
of  Vienna,  who  had  communicated  the  fact 
to  Dr.  Percy  in  a  letter,  from  which  he  had 
the  privilege  of  reading  the  following  ex- 
tract: 

"At  the  iron  works  at  Neuberg,  in 
Styria,  the  Bessemer  metal  is  carefully 
assorted  after  every  cast,  and  is  separated 
into  seven  series,  or  different  degrees  of 
hardness.  The  brands  to  be  marked  are 
ascertained  on  the  one  hand  mechanically, 
by  welding,  working,  and  hardening,  by 
the  tensile  strength  and  elasticity ;  and,  on 
the  other  hand,  chemically,  by  the  Eggertz 
carburation  process ;  it  is  only  when  the 
same  result  is  obtained  by  these  two  meth- 
ods that  the  numbers  denoting  the  degree 
of  hardness  are  marked.  A  very  great  dif- 
ference has  been  ascertained  between  the 
results  of  the  mechanical  and  those  of  the 
chemical  methods,  in  the  quality  of  some 
Bessemer  steel,  which  was  made  about 
eight  days  ago  from  pig-iron  made  by  char- 
coal with  ^-th  its  weight  of  coke.  By  the  first 
method  No.  3  was  indicated,  that  is  to  say, 
a  very  hard  steel  difficult  to  weld,  but 
otherwise  of  good  quality.  By  the  other 
test  it  proved  to  be  No.  6,  that  is  to  say,  it 
had  a  hardness  next  to  that  of  wrought 
iron.  In  consequence  of  this  very  remark- 
able difference  a  chemical  analysis  became 
necessary,  which  showed  that  the  steel  in 
question  contained  only  0.3  per  cent,  of  car- 
bon, but  1.0  per  cent,  of  silicon.  It  there- 
fore appeared  that  silicon  might  occur  in 
steel  as  a  substitute  for  carbon,  and  it  is 


particularly  remarkable,  that  it  was  found 
in  a  hard  steel.  This  fact  further  proves 
that  it  is  not  always  true  that  by  the  Besse- 
mer process  the  silicon  is  first  eliminated, 
and  then  the  carbon.  That  some  propor- 
tion of  silicon  may  exist  in  steel  has  been 
long  known ;  and  Schaf  heutl  maintains 
that  some  silicon  is  a  necessary  constituent 
of  steel.  But  that  with  1.0  per  cent,  of 
silicon  and  only  0.3  per  cent,  of  carbon,  it 
is  possible  to  obtain  a  hard  steel,  seems  to 
be  a  new  observation  worthy  of  atten- 
tion." 

This  confirmed  what  had  been  lately 
found  in  this  country,  namely,  that  the 
silicon  and  carbon  disappeared  simulta- 
neously, and  not,  as  was  formerly  believed, 
the  silicon  first  and  the  carbon  afterwards. 
Therefore,  as  an  excess  of  silicon  had  the 
same  influence  on  the  hardness  of  the  steel 
as  an  excess  of  carbon  had,  and  as  the 
amount  of  the  former  was  more  difficult  to 
regulate  in  the  process  of  steel-converting 
than  the  latter,  which  could  be  judged  of 
by  the  flame,  he  thought  it  might  be  con- 
cluded that,  until  further  experience  was 
gained,  Bessemer  rails  would  require  to  be 
as  carefully  tested  as  those  made  from  iron. 
In  concluding  his  remarks,  Mr.  Sandberg 
took  the  opportunity  of  thanking  those  gen- 
tlemen who  had  taken  part  in  this  discus- 
sion, for  the  valuable  information  which 
they  had  brought  forward.  That  informa- 
tion formed  a  most  useful  contribution  to 
the  knowledge  of  the  manufacture  and 
wear  of  rails,  and  would  doubtless  tend 
greatly  to  the  benefit  of  both  the  manufac- 
turer and  the  consumer. 


THE  DISCHARGE  OF  RIVERS* 


It  is  often  necessary  in  the  practice  of 
engineering  to  determine  the  discharge  of 
rivers,  and  the  velocity  and  direction  of  sur- 
iace  and  under-currents.  In  some  investi- 
gations, also,  it  is  desirable  to  ascertain  the 
quality  of  water  taken  from  the  various 
depths,  and  at  different  times  of  tide,  so  as 
to  know  the  proportions  of  sea  and  fresh 
water  which  constitute  the  mixture  and  the 
quantity  of  solid  materials  held  in  mechani- 
cal suspension,  such  as  sand  or  mud. 

A  few  remarks  on  the  mode  of  conduct- 


From  "The  Principles  and  Practice  of  Canal  and  Kiver  En- 
gineering," by  David  Stevenson.  Edinburgh:  Adam  &  Charles 
Black. 


ing  these  different  investigations  will  form 
the  subject  of  this  chapter. 

The  most  accurate  method  of  measuring 
water  discharge  is  to  construct  a  gauge- 
weir,  and  ascertain  the  quantity  of  water 
flowing  over  it ;  but  as  this  process  is  only 
applicable  to  small  streams,  it  does  not  come 
within  the  scope  of  our  subject. 

The  discharge  of  a  river  is  generally  as- 
certained by  multiplying  its  mean  velocity 
by  its  sectional  area  ;  and  in  gauging  a 
river  with  this  object  in  view,  it  is  necessary 
first  to  determine  accurately  its  sectional 
area  in  a  plane  as  nearly  as  possible  at 
right  angles  to  the  direction  of  the  current. 
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This  is  done  by  selecting  a  place  where 
the  banks  are  regular  and  the  stream  tran- 
quil. A  graduated  cord  is  stretched  across, 
as  nearly  as  possible  at  right  angles  to  the 
direction  of  the  current.  The  depths  of  the 
water  are  carefully  taken  with  a  rod,  grad- 
uated to  feet  and  inches,  at  distances  of  5 
or  10  ft.  (as  indicated  by  marks  on  the 
cord),  according  to  the  minuteness  of  the 
inquiry  to  be  instituted  or  the  irregularities 
of  the  river's  bed,  and  from  the  data  thus 
obtained  an  accurate  cross-section  showing 
the  sectional  area  of  the  river  can  be  con- 
structed. 

After  the  observations  for  the  cross-sec- 
tions have  been  completed,  the  measure- 
ments for  ascertaining  the  velocity  should 
at  once  be  made  before  any  change  in  the 
level  of  the  water,  and  consequent  change 
in  the  area,  can  take  place.  The  velocity 
with  which  the  water  passes  over  the  bed 
of  the  river  will  be  found  to  vary,  gradually 
decreasing  from  the  fair-way  or  deepest 
part  of  the  river  towards  the  sides,  and 
from  the  surface  towards  the  bottom,  except 
in  certain  exceptional  cases,  to  be  after- 
wards noticed.  Tor  the  purpose  of  calcula- 
tion, therefore,  the  mean  velocity  must  be 
determined. 

This  is  most  accurately  done  by  deter- 
mining the  surface  velocity  in  the  middle  of 
each  of  the  compartments  into  which  the 
transverse  section  of  the  river  is  divided, 
by  the  soundings  made,  as  already  ex- 
plained, and  from  these  surface  velocities, 
by  a  simple  formula,  the  mean  volocity  of 
each  of  the  compartments  can  be  obtained, 
and  the  mean  of  these  will  be  the  required 
mean  velocity  of  the  river. 

For  the  purpose  of  ascertaining  the  sur- 
face velocities,  various  methods  may  be  em- 
ployed. 

The  most  common,  but  by  no  means  the 
most  satisfactory  mode  of  proceeding,  is  to 
drop  into  the  water  from  a  boat  a  float 
(whose  specific  gravity  is  merely  great 
enough  to  sink  it  to  a  level  with  the  surface), 
at  a  point  about  30  or  40  ft.  above  the  line 
of  section,  so  as  to  insure  its  acquiring  the 
full  velocity  of  the  current  before  it  reaches 
the  cord.  An  observer  stationed  at  the 
cord  notes  exactly  the  moment  at  which  the 
float  passes,  and  follows  it  down  stream  till 
he  reaches  the  line  of  two  poles,  which  have 
been  fixed  in  reference  to  the  observations, 
when  he  again  notes  the  exact  moment  of 
its  transit  at  the^  lower  station.  The  elapsed 
time  between  the  two  transits  is  then  n  >ted 


in  the  book  along  with  the  distance  between 
the  two  places  of  observation,  which,  owing 
to  the  irregularity  of  most  rivers  with  re- 
gard to  width,  depth,  and  velocity  can  sel- 
dom be  got  to  exceed  100  ft. 

This  operation  has,  of  course,  to  be  re- 
peated for  every  compartment  of  the  cross- 
section. 

Dr.  Anderson,  in  measuring  the  discharge 
of  the  Tay  at  Perth,  used  an  adjustable 
float,  which  extended  from  the  surface  to 
near  the  bottom  of  the  river,  and  so  ol  - 
tained  at  once,  approximately,  the  mean 
velocity  of  each  compartment  of  the  crosa- 
section  of  the  stream. 

Certain  disadvantages  attend  the  method 
of  measuring  velocities  by  a  float,  which 
render  it  not  generally  applicable.  For  ex- 
ample, it  is  only  adapted  to  rivers  of  limited 
breadth,  owing  to  the  impossibility  of  an 
observer  not  being  able  to  discover  with  suffi- 
cient accuracy  the  exact  time  when  the  float 
passes  the  station  lines,  if  it  be  viewed 
from  a  distance,  as,  for  example,  from  the 
bank  of  a  broad  river. 

There  are,  however,  greater  objections 
than  this,  which,  when  pointed  out,  will  be 
sufficiently  obvious  to  every  one.  In  any 
part  of  the  river's  bed  passed  over  by 
floats,  the  slightest  irregularity  of  the  bot- 
tom produces  a  disturbance  in  the  motion 
of  the  stream  and  alters  its  velocity,  so  that 
it  is  not  possible,  from  the  time  occupied  by 
the  passage  of  the  float  over  the  measured 
distance,  to  deduce  the  main  velocity  at  the 
line  of  cross-section.  It  is  also  impossible, 
by  this  method,  to  obtain  a  sufficient  num- 
ber of  distinct  independent  observation?, 
applicable  to  each  division  of  the  stream,  as 
the  eddies  and  irregularities  of  the  current 
which  exist  in  all  rivers  generally  can  be 
passed  over  by  the  floats  to  cross  and  inter- 
fere with  each  other  in  such  a  manner  as 
to  destroy  all  connection  between  any  given 
series  of  observations,  and  the  several  com- 
partments of  the  river,  whose  mean  velocity 
they  were  intended  to  ascertain. 

The  great  object  is  to  determine  the  ve- 
locity of  each  portion  of  the  stream  as  it 
passes  the  line  of  cross-section ;  and  the 
best  way  of  doing  this  is  to  employ  the 
tachometer*  or  stream  gauge,  an  instrument 
of  great  service  in  such  inquiries. 

The  current  impinging  on  a  vane  causes 
it  to  revolve,  and  the  number  of  revolutions 
made  by  the   vane  being  registered  on  an 


♦The  construction  of  this  instrnmwit,  Rnc]  t^p  manner  of  us- 
ing it,  m'ujv  (irsT-'b.-d    n      .     -  ay    t.iuiu.-r.  pagi-  aoi. 
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index  wlueh  is  acted  on  by  a  set  of  toothed 
wheels,  indicates  the  velocity  of  current. 

Having,  by  means  of  the  tachometer,  de- 
termined the  surface  velocity  of  the  river 
at  each  of  the  divisions  of  the  extended 
cord,  the  next  step  is  the  reduction  of  the 
observed  surface  to  those  of  mean  veloci- 
ties, which  will  be  readily  done  by  the  fol- 
lowing ride  of  Du  Buat. 

It  is  not  clear  that  the  Du  Buat  meant 
this  formula  to  be  applied  in  the  m  annul- 
here  described ;  on  the  contrary,  it  rather 
appears  that  he  meant  to  deduce  from  a 
single  surface  velocity  taken  in  the  centre 
of  the  stream,  a  mean  velocity  applicable  to 
the  whole  sectional  area.  He,  as  quoted 
by  Prof.  Robinson,  says,  the  mean  velocity 
in  any  open  pipe  or  stream  is  the  arithmet- 
ical mean  between  the  velocity  in  the  axis 
and  the  velocity  at  the  sides  of  a  pipe  or  the 
bottom  of  an  open  stream  ;  but  it  is  hardly 
possible  to  find  a  river  with  a  cross-section 
so  symmetrical  as  to  admit  of  a  single  central 
observation  proving  sufficient,  and  the  for- 
mula is  therefore  often  applied  to  the  velo- 
cities as  measured  in  the  centres  of  the  dif- 
ferent compartments  into  which  the  river  is 
divided  in  making  the  cross-section.  Du 
Buat's  rule  referred  to  is  as  follows  : 

If  unity  be  taken  from  the  square  root  of 
the  surface  velocity  expressed  in  inches 
per  second,  the  square  of  the  remainder  is 
the  velocity  at  the  bottom,  and  the  mean 
velocity  is  the  half  sum  of  these  two. 

Thus  let  a  —  the  observed  surface  velocity. 
0  =  the  bottom  velocity,  and 
y  =  the   mean  velocity,  all  in  inches 
per  second. 

0  —.  (  ya-lf  and  y  =  — 

and  hence  the  mean  velocity  is  directly  de- 
ducible  from  the  surface  velocity  by  the 
following  formula : 

?=fl+  (Va-12 
Z 

The  mean  velocities  obtained  by  calculation 
are  to  be  multiplied  into  the  area  of  the 
spaces,  in  the  centres  of  which  the  observa- 
tions were  made,  in  order  to  obtain  the  cu- 
bic contents  of  water  discharged  in  each  di- 
vision ;  and  to  obtain  the  whole  discharge 
it  is  only  necessary  to  add  together  the  re- 
sults of  the  observations  made  in  all  the 
different  compartments.  The  apportioning 
of  the  stream  into  different  parts,  and  treat- 
ing each  as  a  separate  channel,  appears  to 
insure  a  much  greater  probability  of  a  cor- 


rect measurement  than  any  method  that  de- 
pends upon  assigning  to  the  whole  area  a 
common  velocity ;  and  it  is  obvious  that 
this  method  can  be  effectually  followed  only 
by  the  use  of  the  tachometer,  or  by  any 
similar  instrument  which  possesses  the  ad- 
vantage of  confining  its  indications  to  the 
spot  where  the  sectional  area  of  the  river  is 
actually  measured.  Whenever,  as  will  fre- 
quently happen  in  regular  streams,  the  ve- 
locities of  several  compartments,  as  ascer- 
tained by  the  stream  gauge,  are  found  to 
be  the  same,  the  areas  of  these  compart- 
ments may  be  added  into  one  sum  and  mul- 
tiplied by  the  common  velocity. 

The  velocity  of  currents  in  the  open  sea 
or  in  estuaries  may  also  be  determined  from 
a  boat  at  anchor,  by  allowing  a  float  to  run 
out  during  a  given  interval  of  time,  and  ob- 
serving the  quantity  of  graduated  line 
which  has  been  let  out.  Some  of  the  vari- 
ous forms  of  registering  logs  are  *also  very 
suitable  for  such  experiments  when  the  ve- 
locities are  not  below  two  miles  an  hour. 
But  as  the  numerous  observations  of  veloci- 
ties which  I  have  described  always  occupy 
much  time,  many  formulae  have  been  pro- 
posed to  shorten  the  work  of  calculating  the 
discharge  of  a  stream.  I  have  had  oppor- 
tunities of  testing  the  value  of  these  for- 
mulse  by  comparing  the  results  they  gave 
with  those  obtained  by  the  more  careful 
and  elaborate  process  which  I  have  de- 
scribed, and  as  these  generally  recognized 
formulae  are  conflicting,  and  in  some  cases 
inaccurate,  I  shall  give  the  result  for  the 
information  of  the  student.  Before  doing 
so,  however,  it  is  necessary  to  define  certain 
terms,  without  which,  the  application  of 
the  different  formulae  would  not  be  intel- 
ligible. In  dealing  with  the  discharge  of 
a  river,  we  are  to  understand  : — 

First. — That  the  slope  is  the  fall  on  the 
surface  of  the  water,  and  is  generally  ex- 
pressed in  feet  per  mile,  and  is  ascertained 
by  levels  carefully  taken. 

Second. — That  the  sectional  area  is  the 
width  multiplied  by  its  average  depth  as 
ascertained  by  means  of  the  section  already 
explained. 

Third. — That  the  hydraulic  mean  is  the 
quotient  given  by  dividing  the  sectional 
area  of  the  channel  in  square  feet  by  the 
wetted  border  or  perimeter  in  lineal  feet, 
also  ascertained  from  the  section. 

Fourth. — The  mean  velocity,  which  may 
either  be  deducted  from  the  mean  surface 
velocity  by  formula,  or  ascertained  directly 
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by  measurement,  is  that  velocity  which,  is 
used  in  ascertaining  the  discharge. 

Fifth. — The  discharge  is  the  quantity  of 
water  yielded  by  the  stream  in  a  given 
time,  and  is  generally  stated  in  cubic  feet 
per  minute,  being  the  mean  velocity  in  feet 
per  minute,  multiplied  by  the  sectional  area 
in  square  feet. 

The  formulae  which  I  subjected  to  trial 
were : 

I.  Formula  given  by  Dr.  Robinson, 
founded  on  Du  Buat's  investigations  : 

307(1/7/ -a  i) 


0.1) 


per 


M  =      _     "°uv  "    "x'_- -Q.B(-i/d 

-y/S-Hyp.  log.  of  VS    '   1.6 

In  which  M  =  mean    velocity  in     inches 
second. 

d  =  hydraulic  mean  depth  in  inches. 

s  =  the  reciprocal  of  the  slope    of 

the  surface,  or  number  of  feet 

horizontal  for  one  foot  fall. 

Hyp.  log.  =  common  log.  multiplied 

by  2.3026. 

II.  Formula  given  by  Sir  John  Leslie  : 


M 


iVV/ 


In  which  M  =  velocity  in  miles  per  hour. 

a  =  hydraulic  mean  depth  in  feet. 
/=  the  fall  on  the  surface  in  feet  per 
mile. 

IH.  Formula  given  by  Mr.  Ellett  for  cal- 
culating discharge  of  the  Mississippi  : 

v       8     /—     df 

M  =  0.8  v. 
In  which  v  =  surface  velocity  in  feet  per  sec- 
ond. 
d  =  maximum  depth  in  feet. 
f  =  fall  of  surface  in  feet  per  mile. 
M  =  mean  velocity  in  feet  per  second. 

IV.  Formula  given  in  Mr.  Beardmore's 
tables  : 

M  =  Va-2/X  55. 
In  which  M  =  velocity  in. feet  per  minute. 

a  =  hydraulic  mean  depth  in  feet. 
/  =  fall  per  mile  in  feet. 

V.  In  addition  to  these  formulae  the 
writer  also  subjected  to  trial  the  formula  of 
Du  Buat  as  given  on  preceding  page  : 


In  which  M 


inches 


per 


mean   velocity 
second. 

v  =  maximum    surface    velocity    in 
inches  per  second. 

In  order  to  compare  these  different  for- 
mulae, a  very  favorable  situation  was  se- 
lected for  ascertaining  the  discharge  of  a 
etream   by  careful   measurements    of  area 


and  velocity.       The  result  gave  a  discharge 
1,653  cubic  ft.  per  minute.      The  slope  waa 
carefully  measured  by  levelling. 
The  results  were  as  follows  : 

Cu.  feet. 
Discharge  as  measured  as  above  1653  per  minute. 

Robinson's  formula  gave 22l4         " 

Leslie  h  "  "     2474         " 

El'ett's  "  "     2784 

Beardmore's  "  "     2335 

Vth  (Du  Buat's)  "     1950 

It  will  be  seen  from  this  statement  that 
none  of  the  formulae  afforded  a  near  ap- 
proximation to  the  discharge  of  the  small 
stream  to  which  they  were  applied.  Again, 
it  was  ascertained  by  the  late  Dr.  Anderson, 
of  Perth,  after  most  carefully  dividing  the 
cross-section  into  compartments,  and  ascer- 
taining the  velocity  of  the  stream  in  each  of 
them,  that  the  discharge  of  the  main  branch 
of  the  Tay  at  Perth  was  147,391  cubic  feet 
per  minute.  I  ascertained  the  discharges, 
as  calculated  by  the  different  formulae  as 
above,  and  the  following  are  the  results  : 

Cubic  feet. 
Discharge  per  minute  by  Dr.  Anderson.  147, 391  per  min. 

1st.  By  Robinson's  formula 153.632        " 

2d    By  Leslie's  formula 160,134        " 

3d.  By  Ellett's  formula 122,002        " 

4th.  By  formula  in  Beardmore's  tables  .156,569        " 
5th.  By  formula   assuming  the  mean 
deduced  from  the  centre  surface  ve- 
locity as  the   mean   for   the  whole 
section 179.237        " 

The  result  of  these  trials,  and  others 
which  I  have  had  occasion  to  make,  is,  that 
that  none  of  the  formulae  that  have  been 
proposed  will  be  found  generally  applicable  ; 
but  the  following  may  be  applied,  and  will, 
in  most  cases,  give  a  pretty  near  approxi- 
mation to  the  velocity  and  discharge  due  to 
a  given  area  and  fall,  viz.  : 

x  =  y\/  af. 

x  X  52S0 

z  =  - 

bU 

T>=sz. 

In  which  x  =  the  mean  velocity  of  the  whole 
section  of  the  stream  in  miles 
per  hour. 

y  =  a  quotient  which  is  found  to  vary 
from  0.65  for  small  streams, 
under  2,000  cubic  feet  per 
minute,  to  0.9  for  large  rivers 
such  as  the  Clyde  or  Tay. 

a  =  hydraulic  mean  depth  in  feet 

f  =  the  fall  on  the  surface  in  feet. 

z  =  the  mean  velocity  of  the  whole 
section  of  the  stream  in  feet 
per  minute. 

s  =  sectional  area  of  stream  in  feet 
and 

D  =  the  discharge  in  cubic  feet  per 
minute. 


294 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


It  must  be  kept  in  view  that  the  applica- 
tion of  any  known  formula  to  the  determi- 
nation of  the  mean  velocity  and  discharge 
of  a  river  is  shown,  by  experimental  in- 
quiry, to  afford  only  a  rough  approximation, 
unless  observations  are  made  embracing  the 
velocities  at  different  parts  of  the  cross  sec- 
tional area. 

In  order  to  render  the  measurement  of 
discharge  useful,  care  should  be  taken, 
when  the  stream  is  gauged,  to  ascertain 
that  it  is  in  a  normal  condition,  by  which  is 
meant  that  it  is  neither  dried  to  its  mini- 
mum by  a  long  drought,  nor  swollen  to  its 
maximum  by  heavy  rains.  The  stream  in 
this  normal  condition  is  said  to  be  in  its 
etate  of  ordinary  summer  water,  or  at  its 
ordinary  summer  water  level,  and  to  be  un- 
affected by  long  drought  or  by  heavy  rain 
fall.  It  is  obvious  that  it  is  not  possible  to 
offer  any  directions  for  determining  when  a 
stream  is  in  this  normal  condition,  but  it  will 
generally  be  found  that  the  residents  on  its 
banks,  particularly  those  engaged  in  its 
fishings,  if  there  be  any,  can  tell  when  the 
water  is  at  its  ordinary  summer  level. 

The  fluctuations  of  a  river  from  its  lowest 
to  its  highest  state  are  excessively  capri- 
cious, the  amount  of  flooding  which  is 
ascertained  to  take  place  in  different  rivers 
having  no  constant  ratio  either  to  the  sum- 
mer water  which  they  discharge,  or  to  the 
area  drained  by  them.  This,  indeed,  does 
not  seem  surprising  when  we  consider  the 
very  different  character,  both  geologically 
and  agriculturally,  of  the  districts  through 
which  rivers  flow. 

The  drainage  area  in  one  situation  may 
include  large  tracts  of  hill  country,  having 
steep  and  scantily  soiled  slopes,  from  which 
the  rain  is  readily  discharged.  In  another 
place  it  may  be  flat,  or  gently  rising,  deep 
soiled  agricultural  land,  absorbing  much  of 
the  rain  that  falls,  and  giving  it  off  only  by 
elow  degrees.  Other  districts  are  more  or 
less  affected  by  their  geological  formation — 
some  strata  being  less  absorbent  than 
others.  In  others,  again,  agricultural  im- 
provements have  an  influence  on  the  drain- 
age, sheep-grazing  land  being  less  absorb- 
ent than  arable  land. 

In  rivers  which  flow  from  lakes  a  reser- 
voir is  afforded  for  the  storage  of  surplus 
waters,  which  checks  the  floods  below. 
But,  again,  as  in  the  case  of  the  Tay,  which 
flows  from  Loch  Tay,  a  sheet  of  water,  14 
miles  long  and  |ths  of  a  mile  wide,,  it  is 
found   that  in    gales    of    westerly   wind, 


accompanied  by  heavy  rain,  the  lake  water 
is  heaped  up  at  the  outlet,  and  greatly  in- 
creases the  flood  in  the  river ;  so  that  even 
in  the  recurrence  of  floods  themselves  there 
are  many  circumstances  which  vary  their 
effects,  even  in  the  same  district.  The 
heaviest  floods  in  all  rivers  occur  with  heavy 
rain  and  melting  snow,  for  then  the  bed  of 
the  river  has,  it  may  be  said,  to  discharge 
a  compound  flood,  made  up  of  melting  snow 
and  falling  rain.  The  construction  of  rail- 
ways in  India  has  afforded  interesting  in- 
formation as  to  the  floods  of  the  great  Indian 
rivers,  which  are  fully  discussed  in  papers 
by  Lieutenant-Colonel  O'Connel  and  Mr. 
Howden.  The  consideration  of  the  data 
thus  obtained  has  suggested  various  for- 
mulae for  calculating  the  discharge  due  to  a 
given  area,  but  the  information  as  to  the 
amount  of  flood  water  said  to  have  been  dis- 
charged from  different  districts  of  country  is 
so  discordant,  that  it  seems  to  me  to  be  impos- 
sible, with  elements  so  variable,  to  be  found 
any  formula  that  can  be  generally  useful. 
The  quantity  passing  off  during  high  floods  is 
variously  stated  by  different  authorities  from 
1  ft.  to  30  cubic  ft.  per  minute  per  acre, 
according  to  the  district  in  which  the  ob- 
servations were  made.  But  the  highest 
gauging  I  have  ever  got  was  15  cubio  ft. 
per  acre,  from  a  town  district  of  630  acres, 
after  three  days  of  nearly  continuous  rain- 
fall. Thunder-storms  discharge  a  very 
much  greater  amount  during  their  short 
duration.  It  is  stated  that  in  August,  1846, 
during  a  thunder-storm,  3.3  in.  fell  in  2 
hours  and  20  minutes,  being  85  cubic  ft 
per  minute  per  acre. 

Perhaps  the  only  general  result  to  b© 
gathered  from  the  published  observations 
relative  to  floods,  is  that  the  flood  discharge 
has  a  higher  ratio  to  the  ordinary  discharge 
in  small  than  in  large  rivers.  This  is  due 
very  much  to  the  fact  that  in  a  small  river, 
a  rainfall  affects  every  one  of  its  feeders, 
whereas  in  a  large  river  the  influence  of  the 
rain  is  limited  to  one  portion  of  the  district 
only.  If,  for  example,  such  a  river  as  the 
Mississippi  were  subjected  to  an  increase  of 
its  bulk  similar  to  that  of  small  rivers,  the 
country  through  which  it  flows  would  be 
entirely  devastated.  The  safety  of  such  a 
country  is  due  to  the  important  fact  that 
excessive  falls  of  rain,  like  hurricanes  of 
wind,  while  at  the  height  of  their  fury,  are 
not  wide-spread,  but  act  on  a  comparatively 
limited  portion  of  the  earth's  surface. 
Though  we  cannot,  therefore,  deduce  from 
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data  so  arbitrary  any  law  applicable  to  riv- 
ers in  all  districts,  we  are  not  precluded 
from,  dealing  with  the  different  sizes  of 
floods  discharged  from  any  particular  dis- 
trict, and  as  it  is  sometimes  desirable  to  as- 
certain by  gauging  the  average  summer  flow 
of  a  stream,  I  give  the  following  mode  of 
computing  the  discharge  exclusive  of  floods, 
which  has  been  proposed  by  Mr.  Leslie. 
First  the  gaugings  are  all  to  be  set  down  in 
a  table  in  the  order  of  their  quantities,  be- 
ginning at  the  smallest  and  going  on  to  the 
largest,  or  vice  versa.  The  whole  number 
of  observations  is  then  to  be  divided  as 
nearly  as  possible  into  four  equal  parts ; 
whereof  the  lowest  fourth  is  held  to  com- 
prehend the  extreme  droughts,  and  the 
highest  floods.  The  average  of  the  middle 
half  is  to  be  ascertained,  and  all  above  that 
quantity  is  held  to  be  flood-water.  A  new 
table  is  then  to  be  constructed,  in  which  all 
the  gaugings  not  exceeding  the  average  of 
the  middle  half  are  put  down  as  equal  to 
that  average  quantity.  The  average  of  the 
whole  of  the  new  table  is  to  be  considered 
as  being  a  fair  estimate  of  the  water  flow- 
ing in  the  stream  exclusive  of  floods. 

TJNDEE-CUKEENTS. 

I  must  offer  the  further  caution,  that 
those  rules  from  which  the  mean  velocity  is 
deduced,  on  the  assumption  that  it  bears  a 
constant  ratio  to  the  surface  velocity,  do  not 
apply  in  many  situations  which  are  within 
the  influence  of  the  tide.  In  surveying  the 
Dee  at  Aberdeen  in  1812,  for  example,  Mr. 
Robert  Stephenson  found  that  while  there 
was  an  outward  upper-current  of  fresh 
water,  there  was  an  inward  under- current 
of  salt  water ;  so  that,  although  the  upper 
stratum  was  constantly  running  towards  the 
sea,  there  was  a  regular  rise  and  fall  of  the 
surface,  produced  by  the  tidal  waters  below. 
Another  instance  of  such  an  under-current, 
though  not  occasioned  by  the  presence  of  a 
river,  was  found  to  exist  in  a  marked  de- 
gree at  the  Cromarty  Firth,  where  Mr.  Alan 
Stevenson  in  1837  found  currents  greatly 
exceeding  the  surface  velocity. 

It  is  essential  in  some  inquiries  to  ascer- 
tain to  what  depth  the  currents  penetrate, 
and  whether  nnder-currents  exhibit  the 
same  phenomena  in  regard  to  direction  and 
velocity  as  those  of  the  surface;  and  as 
these  inquiries  are  interesting  and  impor- 
tant, and  have  lately  been  much  discussed 
in  connection  with  deep-sea  researches,  they 
are  worthy  of  detailed  notice. 


For  small  depths  the  tachometer  of  Wolfc- 
mann  is  a  convenient  and  accurate  instru- 
ment for  measuring  under-currents.  I  nev- 
er used  it  myself  for  depths  exceeding  a  few 
feet,  but  I  understand,  from  Professor  Gor- 
don, that  it  has  been  employed  in  Germany 
for  measuring  velocities  at  a  great  depth,  by 
using  an  apparatus  erected  on  a  platform, 
supported  on  two  boats,  and  that  Rancour*; 
used  it  to  measure  the  velocity  of  the  Neva 
at  St.  Petersburg,  at  depths  of  60  ft.;  De- 
fontaine,  the  Rhine,  at  upwards  of  40  ft.; 
and  Funk,  many  rivers,  at  depths  of  from 
40  to  60  ft.  But  as  its  application  unde» 
such  circumstances  may  be  regarded  rather 
as  a  purely  scientific  than  as  an  engineering 
experiment,  it  is  not  necessary  to  describe  it 
in  this  place.  The  direction  of  the  under- 
currents, which  it  is  sometimes  interesting 
to  know,  cannot  be  obtained  by  means  of 
the  tachometer,  and  I  shall  describe  a  plan 
for  obtaining  an  approximation  to  both  the 
velocity  and  direction  of  the  under-current, 
which  was  devised  and  used,  I  believe,  at 
the  Cromarty  Firth,  in  1837  by  the  late  Mr. 
Alan  Stevenson,  when  he  detected  the  tidal 
anomalies  already  alluded  to.  It  may  be 
well  to  explain  that  the  waters  of  the  Cro- 
marty Firth  pass  to  and  from  the  sea 
through  the  narrow  gorge  between  the  Su- 
ters  of  Cromarty,  where  the  width  is  about 
4,500  and  the  depth  about  150  ft.  The 
mean  velocity  due  to  the  column  of  water 
passing  this  gorge,  as  deduced  from  the  ob- 
served surface  velocity,  was  not  sufficient  to 
account  for  the  quantity  of  water  actually 
passed  during  each  tide,  as  determined  by 
measuring  the  cubical  capacity  of  the  basin 
of  the  firth.  This  led  to  the  observation  of 
the  under-currents  through  the  gorge  by 
means  of  submerged  floats,  and  it  was  found 
that  during  flood-tides  the  surface  velocity 
was  1.8  mile  per  hour;  while  at  the  depth, 
of  50  ft.  the  velocity  was  not  less  than  4 
miles  per  hour,  being  an  increase  of  2/2 
miles  per  hour.  During  ebb-tide  the  sur- 
face velocity  was  2.7  miles  per  hour,  and  at 
50  ft.  it  was  not  less  than  4.5  miles  per  hour, 
being  an  increase  of  1.8  mile  per  hour. 
The  instrument  by  which  these  velocities 
were  measured  consisted  of  a  fiat  plate  of 
sheet-iron  measuring  12  by  18  in.,  having 
a  vane  made  of  the  same  material,  and 
measuring  4  ft.  in  length,  fixed  at  right  an- 
gles to  the  centre  of  it.  The  lower  edges 
of  the  plate  and  vane  were  loaded  with  bara 
of  iron,  for  the  purpose  of  causing  the  in- 
strument to  sink  to  the  requisite  depth  ;  and 
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it  was  so  slung  by  the  cords  suspending  it 
as  to  preserve  the  surface  of  the  plate  in  a 
vertical  plane.  This  apparatus  was  secured 
by  a  cord  of  sufficient  length  to  sink  it  to 
the  required  depth,  and  the  whole  was  at- 
tached to  a  tin  buoy,  which  floated  on  the 
surface,  its  form  being  such  as  to  produce 
little  resistance  to  its  passage  through  the 
water.  The  buoy  served  not  only  to  pre- 
serve the  vane  plate  at  the  same  depth,  but 
it  also  indicated  its  progress  through  the 
water  in  a  very  satisfactory  and  often  inter- 
esting manner.  The  plate,  sunk  at  the 
depth  of  50  ft,  when  acted  upon  by  the 
force  of  a  strong  under-current,  was  hurried 
along,  carrying  the  buoy,  which  floated  on 
,the  surface,  along  with  it,  as  shown  by  the 
buoy  passing  the  floats  thrown  out  ou  the 
water  as  gauges  of  the  velocity  of  the  up- 
per-current. The  only  precaution  to  be  ob- 
served in  making  such  observations,  is  to 
exclude  that  part  of  the  commencement  of 
the  buoy's  course,  which  is  more  rapid  than 
it  had  ought  to  be,  owing  to  the  effort  made 
by  it  to  overtake  the  plate,  which,  being 
sunk  first,  has  been  influenced  by  the  veloc- 
ity of  the  under-current  before  the  buoy 
has  been  launched. 

It  is  evident,  that  by  means  of  this  sim- 
ple apparatus  we  can  approximate  to  the 
direction  as  well  as  to  the  velocity  of  under- 
currents ;  but  it  must  be  kept  in  view  that 
there  are  several  deranging  influences  in 
operation,  which  tend  to  render  the  results 
obtained  merely  approximations  to  the 
truth. 

Since  I  first  described  these  Cromarty 
Firth  observations  in  1842,  many  efforts 
have  been  made  to  ascertain  the  existence 
and  strength  of  under-currents.  Messrs. 
Carpenter  and  Jeffreys,  in  1870,  when  en- 
gaged in  their  deep-sea  researches  in  the 
Porcupine  surveying  ship,  endeavored 
to  ascertain  the  state  of  the  under-currents 
at  the  Straits  of  Gibraltar.  The  apparatus 
adopted  for  by  them  for  this  purpose  was 
arranged  by  Captain  Calver,  and  was  iden- 
tical in  principle  with  that  employed  at 
Cromarty  Firth  ;  the  only  difference  being 
that  the  under-current  float  was  composed 
of  a  basket,  with  pieces  of  sail-cloth  fixed 
to  it,  and  so  disposed  as  to  catch  the  cur- 
rent. The  float  was  weighted  with  lead, 
and  the  cord  by  which  it  was  suspended, 
instead  of  being  attached  to  a  float  as  at 
Cromarty  Firth,  was  fixed  to  a  boat,  the 
drifting  of  which  indicated  the  force  and 
direction  of  the  under-current.     It  does  not 


appear  that  more  than  two  or  three   obser- 
vations were  made  with  this  instrument. 

Captain  Spratt,  who  has  made  several 
observations  on  the  under-currents  of  the 
Sea  of  Marmora  and  the  Dardanelles,  in  a 
paper  on  the  under-current  theory  of  the 
ocean,  in  the  Proceedings  of  the  Royal  So- 
ciety, states  the  following  as  the  plan  he 
adopted:  "I  never  attempted  such  experi- 
ments by  the  use  of  any  bulky  object,  such 
as  a  boat,  that  offered  srreat  resistance  to 
the  surface  current.  I  felt,  too,  that  a 
fixed  object  as  a  point  of  reference,  was  al- 
ways unnecessary,  such  as  a  buoy  or  a  float 
attached  to  a  sinker,  actually  on  the  bottom. 
Such  observations  for  testing  ocean  cur- 
rents should  only  be  made  in  connection 
with  a  fixed  object  attached  to  the  bottom, 
whether  in  2,000  or  20  fathoms.  The 
float  which  Captain  Spratt,  after  experi- 
ence, found  to  answer  best,  was  one  of  thin 
copper  or  block  tin,  suspended  like  a  kite, 
his  observations  being  in  this  respect  the 
same  as  those  at  Cromarty  Firth,  in  order 
to  obtain  the  relative  speeds  of  the  surface 
and  under-current  floats,  fulfilled  the  ob- 
ject of  his  buoy  moored  with  a  sinker.  Mr. 
Henry  Mitchell,  of  the  United  States  Coast 
Survey,  describes  an  instrument  used  by 
him  for  that  purpose.  It  consisted  of  a  tin 
cylinder,  a  few  inches  in  diameter,  and  long 
enough  to  reach  from  the  surface  nearly  to 
the  bottom.  Tubes  40  ft.  in  length  were 
used  for  this  puipose.  They  were  3  in.  in 
diameter,  made  in  separate  sections,  air- 
tight, but  with  stopcocks  for  letting  in  the 
water,  that  they  might  be  practically  filled 
so  as  to  sink  it  to  the  proper  depth.  As  the 
tube  drifted  nearly  upright  in  the  water, 
with  its  top  protruding  a  few  inches  above 
the  surface,  its  velocity  indicated  the  mean 
motion  of  the  stream.  If  it  leaned  back- 
wards or  forwards,  it  showed  that  its  foot 
rested  on  a  stratum  that  had  greater  or  less 
motion  than  the  surface  drift ;  and  if  its 
ang-le  of  direction  differed  from  that  of  the 
surface  log,  the  action  of  an  under-curren^ 
was  recognized,  whose  course  was  at  vari- 
ance with  that  of  the  surface  drift.  Mr. 
Mitchell  also  says,  that  very  good  results 
have  been  obtained  by  using  two  hollow 
copper  globes  of  2  ft.  diameter  each,  con- 
nected by  ^th  in.  wire  rope.  The 
sinking  globe  is  filled  with  water,  but  the 
other  is  loaded  only  enough  to  sink  it  near- 
ly to  its  pole.  The  upper  globe  has  a  long 
fine  secured  to  it,  and  its  motion  is  recorded 
at   the  same   time  that   an  observation  is 
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made  with  the  surface  log,  like  the  com- 
pound float  used  by  Dr.  Anderson  at  the 
Tay.  Mr.  Mitchell  says,  let  us  suppose 
that  the  two  globes  present  equal  effective 
areas  (great  circles)  to  the  drifts  in  which 
they  swim,  then  their  velocity  will  be  a 
true  mean  of  the  rates  of  the  surface  and 
under-currents,  i.  e.,  ^  (x  -\-  y)  where  x  and 
y  represent  respectively  these  rates  ;  the  ve- 
locity of  the  under-current  may  therefore  be 
found  by  subtracting  the  surface  rate  from 
twice  that  of  the  connected  globes."  This 
formula  no  doubt  gives  the  mean  for  the 
velocities  of  the  two  strata  in  which  the 
balls  are  floating;  and  it  would  give  the 
mean  for  the  whole  column  of  water,  pro- 
vided there  is  a  regular  gradation  between 
these  two  observed  velocities ;  but  it  does 
not  provide  for  any  inequality  of  velocity, 
or  for  any  anomalous  velocity,  such  as  has 
been  stated  to  exist  at  the  Dee  and  at  the 
Cromarty  Firth.  This  objection  might, 
perhaps,  to  some  extent,  be  removed  if  it 
were  practicable  to  suspend  balls,  similar  to 
those  used  by  Mr.  Mitchell,  at  short  inter- 
vals on  the  wire  rope  ;  but  for  engineering 
purposes,  the  object  of  ascertaining  the 
under-currents  has,  in  my  experience,  al- 
ways been  to  calculate  the  discharge  ;  and 
it  is  obvious  that  for  this  purpose  we  must 
determine  the  thickness  of  the  different 
strata  moving  at  different  velocities,  so  as 
to  ascertain  the  different  sectional  areas  to 
which  the  velocities  apply,  and  this  is  not 
at  one  but  at  several  points  on  the  cross 
section  of  the  channel  or  passage  through 
which  the  current  was  flowing.  Until  we 
have  some  method  of  ascertaining  the  ve- 
locities at  different  depths,  and  the  sectional 
areas  corresponding  to  these  velocities,  it  is 
not  possible  to  arrive  at  the  discharge,  and 
all  observations  on  the  strength  and  dura- 
tion of  under-currents  must  be  regarded  by 
the  engineer,  in  making  calculations, 
to  be  simply  approximate.  The  remark- 
able under-currents  are  mainly,  if  not 
altogether,  due,  I  believe,  to  the  configura- 
tion of  the  bottom,  and  the  circumstances 
under  which  the  tidal  wave  approaches  and 
recedes  from  the  shore.  A  powerful  oceanic 
under-current  during  flood-tide  in  a  stratum 
of  water  of  highly  specific  gravity  and  low 
temperature,  setting  dead  along  the  coast, 
would  naturally  creep  along  the  rising  bot- 
tom of  the  sea,  and  flow  into  the  deep 
inlet  of  the  Firth,  mingling  imperfectly 
with  the  surrounding  water,  maintaining 
its  character  of  a  distinct  stream,  and  in- 


creasing the   under-velocity   of    the  flood- 
tide  ;  and  if  we  suppose    a    similar   rapid 
counter-current  to  sweep   along  the  coast  at 
ebb-tide,  its  tendency  would  be  to  draw  off 
the   lower   stratum   of  denser   and   colder 
water,   and  thus  to  increase  the  velocity  at 
or  near  the  bottom  during  ebb-tides.     Of 
the  existence  of  such  distinct  ocean  currents, 
some    at  great  depths,    and    others  super- 
ficial,    mantaining     their     character,     and 
mingling    slowly     with     the     surrounding 
ocean,  there  are  many  striking  examples  ; 
among    others,  the   surface   current  of  the 
Gulf  Stream,  which,  flowing  from  the  Gulf 
of  Mexico,  skirts  the  coast  of  the  United 
States,    and    can   be  traced   as    a    distinct 
body  of  matter  by  its  difference  of  tempera- 
ture as  far  as  the  Banks  of  New  Foundland. 
In  the  month  of  July  I  found  the  tempera- 
ture of  the  sea,  as  tested  at  various  points 
between  the  shore  of  America  and  the  edge 
of  the  Grulf  stream,  to  average  60  deg.  Fahr., 
while  in  latitude  41  deg.  N.,  longitude  61 
deg.   52  min.   W.,  the  vessel  being  in  the 
track  of  the  Gulf  stream,  the  temperature 
of  the  water  was   70  deg.     After   leaving 
the    influence    of    the    Gulf    Stream    the 
temperature    within     a     few     hours'    sail 
fell    to    60    deg.,    which    was   the    aver- 
age    of     the     observations      made     dur- 
ing the   remainder  of  the   voyage    to   the 
English  Channel,  ascertained  as  accurately 
as  the  facilities  granted  to  a  passenger  by  a 
packet-ship  permitted.     The  cause  of  ocean 
currents  is  obscure  ;  they  no   doubt  are  oc- 
casionally caused  or  increased  by  gales  of 
wind ;    but  no    current   can   be    generated 
without  a  difference  of  head,  which  again  may 
be  produced  either  by  a  difference  of  level 
in  water  of  the  same   density,  or  by  a  dif- 
ference   of  specific    gravity   in    columns  of 
water  of  the  same  height.     The  examples  I 
have  given  of  the  differences  of  level  exist- 
ing in  rivers  and  estuaries   at  certain  states 
of  the  tides,  afford  sufficient  proof  of  the 
existence  of  currents   from  that  cause.     It 
is  not  unusual  to  apply  the  expression  in- 
draught to  describe  the  flow  of  water  into 
a  bay  or  creek,  and  to  hear  it  used  so  as 
almost  to  imply  the  existence  of  some  in- 
herent attraction  in   the  bay  or   creek  for 
the  water  which  flows  into  it.    But  the  flow 
of  water  in  all  such  cases  is  caused  by  the 
pressure  due  to  the  difference  of  level  or 
density,  or  both  combined ;  and  .when  the 
bajr  or  creek  gets  filled  up,  and  its  surface 
attains   a  sufficient   height  to   balance  the 
pressure   of  the  source   of   its  supply,   or 
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the  momentum  of  the   moving  column  of]  level  of  the  water   to   rise,   the  indraught 
water  where  converging  shores  cause   the  |  disappears. 


REMARKS  ON  ROLLING  IN  A  SEAWAY. 

From  '« The  Annual  of  the  Royal  School  of  Naval  Architecture  and  Marine  Engineering." 


One  of  the  moat  interesting  papers  in  the 
Report  of  the  Committee  on  Designs  for 
Ships  of  War  recently  presented  to  Parlia- 
ment is  that  by  Professor  Rankine,  entitled 
"  Remarks  on  the  Stability  of  Mastless 
Ships  of  Low  Freeboard  as  affected  by  the 
Waves."  All  the  conclusions  of  the  Com- 
mittee in  connection  with  this  subject  are 
based  upon  the  results  obtained  by  Profes- 
sor Rankine,  and  endorsed  by  the  Scientific 
Sub-Committee,  so  that  a  few  remarks  re- 
specting the  method  of  investigation  will 
not  be  without  value.  In  order  to  facili- 
tate reference,  a  reprint  of  Professor  Ran- 
kine's  paper  is  appended. 

The  formula  upon  which  the  calculations 
are  based  was  obtained  by  Mr.  Proude,  and 
is  as  follows  : — 

-  e  _    _  T * 
6  -e~        is 


in  which 

6  =  steepest  slope  of  the  wave. 
Q  =  the  m  iximuui  an^le  of  the  ship's  roll  rela- 
tively to  the  horizon . 
T=  wave  period. 
t  =  natural  period  of  the  ship. 

This  equation  is  derived  from  the  follow- 
ing assumptions  : — 

1.  That  the  waves  are  all  equal  and  of  a 
uniform  period. 

2.  That  the  waves  are  all  of  a  definite 
trochoidal  form. 

3.  That  the  reaction  of  the  water  pres- 
sure on  the  ship  is  always  perpendicular  to 
the  surface  of  the  wave  at  the  part  occupied 
by  the  ship. 

4.  That  the  time  of  oscillation  of  the  ship, 
in  smooth  water,  is  the  same  for  all  angles. 

None  of  these  assumptions  can  be  regard- 
ed as  accurately  true,  and  one  or  two  of 
them  are  plainly  very  rough  approximations 
to  the  truth.  Por  this  reason  I  have  al- 
ways regarded  Mr.  Froude's  formula  as 
exhibiting  the  general  aspects  only  of  the 
rolling  of  ships  in  waves,  and  not  as  affor- 
ding any  trustworthy  means  of  calculating 
the  extent  of  the  roll  in  any  practical  case. 

The  assumption  that  the  time  of  oscilla- 
tion of  the  ship  is  the  same  for  all  angles  is 
alone   sufficient  to   make   it   necessary   to 


regard  this  formula  with  considerable  re- 
serve, when  it  is  applied,  as  in  the  case 
under  notice,  to  calculate  the  rolling  of  ac- 
tual ships ;  because  their  times  of  oscilla- 
tion are  far  from  being  the  same  for  all 
angles,  a  fact  upon  which  considerable 
stress  is  laid  in  the  Report  of  the  Com- 
mittee. 

Professor  Rankine's  investigation,  there- 
fore, applies  Mr.  Proude' s  formula  to  a 
case  of  which  the  conditions  differ  greatly 
from  the  assumptions  upon  which  the  for- 
mula rests.  Apart  from  this  fundamental 
objection,  it  appears  that  in  conducting  the 
investigation  several  additional  assumptions 
have  been  made  which  must  be  regarded 
with  distrust.  Por  example,  it  is  assumed 
that  the  wave  observed  by  Scoresby  in  a 
passage  across  the  Atlantic  is  a  fair  represent- 
ative of  the  most  dangerous  waves  to  which 
ships  will  be  exposed  ;  but  this  is  by  no 
means  certain.  Again,  it  is  assumed  that 
the  metacentric  period  for  ships  will  vary 
with  the  amplitude  of  the  oscillations,  in  the 
same  manner  as  in  a  common  pendulum, 
the  total  range  in  the  stability  of  the  ship 
being  compared  with  an  amplitude  of  180 
deg.  in  the  pendulum.  No  mention  is,  how- 
ever, made  of  the  similar  variation  that 
may  take  place  in  the  time  of  the  waves, 
although  such  variation  would  seriously 
affect  the  investigation.  Moreover,  in  a 
new  design,  the  position  of  the  centre  of 
gravity  and  the  length  of  the  radius  of 
gyration  can  only  be  estimated,  and  conse- 
quently the  approximation  to  the  metacen- 
tric period  may  be  liable  to  considerable 
error,  the  effect  of  which  is  important.  As 
an  example  of  this,  it  may  be  stated  that 
if  the  period  for  the  Devastation  had  been 
taken  as  11  seconds  instead  of  14  seconds 
in  the  application  of  Professor  Rankine's 
method,  the  maximum  roll  of  the  ship 
would  have  been  found  5  deg.  greater  than 
that  given  in  the  Report.  In  view  of  these 
assumptions,  and  the  errors  possibly  arising 
therefrom,  the  results  of  the  Committee's 
investigation  cannot  be  regarded  as 
thoroughly  trustworthy.  These  results  are 
practically  summed  up  in  the  Report  by  the 
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statement  that  39  deg.  is  a  sufficient  range 
of  stability  for  large  sea-going  iron-clads 
to  make  them  safe  when  rolling  among 
waves,   supposing  them  to  be  without  sail. 

When  we  pass  from  the  case  of  a  mast- 
less  ship  to  that  of  a  sailing  ship  rolling 
among  waves,  a  still  more  difficult  problem 
is  encountered. 

One  method  of  investigation  that  has 
been  suggested  may  be  briefly  described  as 
follows  :  Assuming  that  a  definite  angle 
has  been  determined  for  the  vessel  when 
rolling  without  sail  among  waves,  it  is  pro- 
posed to  divide  the  curve  of  stability  into 
two  parts,  one  being  assigned  to  resist  the 
action  of  waves,  and  the  other  to  provide 
for  the  effect  of  the  wind  on  the  sails. 
Supposing  Fig.  1  to  represent  the  curve  of 
stability  by  the  line  A  B  C  D  E  F,  and  0  D 
to  be  a  "wind-curve,"  assumed  to  vary  as 
the  square  of  the  cosine  of  the  inclination, 
the  curve  C  D  is  so  placed  on  the  curve  of 
stability  as  to  cover  a  range  equal  to  that 
which  would  be  considered  sufficient  if  the 
vessel  had  no  sail.  The  part  thus  cut  off 
from  the  top  of  the  curve  of  stability  is  con- 
sidered to  provide  a  margin  against  the 
rolling  produced  by  the  heave  of  the  sea ; 
A  C  is  devoted  to  the  wind,  and  half  of  it, 
A  B,  is  taken  as  the  greatest  steady  heel 
under  sail  consistent  with  safety. 

It  appears  to  me  that  the  details  of  this 
method  rest  upon  no  valid  foundation. 
First  of  all,  one  finds  a  definite  angle  select- 
ed as  the  necessary  range  of  stability  for 
the  ship,  considered  without  sail ;  and 
this  has  been  shown  to  be  a  question  yet 
remaining  without  satisfactory  solution. 
But  even  accepting  this  angle  as  fixed,  the 
mode  in  which  the  combined  effect  of  wind 
and  waves  is  estimated  is  open  to  impor- 
tant objections. 

Referring  to  Fig.   1,  and    remembering 


Figt 
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that  the  interval  between  the  curve  of  sta- 
bility and  the  wind-curve  C  D  is  devoted 
to  resisting  rolling  produced  by  the  waves 
alone,  it  will  be  seen  that  the  front  part 
of  the  curve  from  A  to  C  is  left  to  resist 
the  action  of  the  wind  on  the  sails.  Hence 
if,  in  all  cases,  the  wind  came  on  very 
gradually,  the  ship  might  be  safely  sailed 
with  a  permanent  heel  represented  by  A  H. 


But  as  the  wind  may  come  on  suddenly,  as 
a  gust,  A  C  is  divided  into  two  equal  parts 
at  B,  and  A  G  is  taken  as  the  greatest 
steady  heel  for  safe  sailing.  If  the  ship 
were  upright,  and  at  rest,  when  a  wind 
suddenly  acted  upon  her  (the  pressure  of 
which  would  be  sufficient  to  hold  her 
steadily  inclined  at  G),  and  if  it  were  to 
continue  constant  after  its  sudden  applica- 
tion, it  would  incline  the  ship  as  far  as  H. 
The  supposition  is  that  she  would  then  be 
safe,  because  the  roll  caused  by  the  heave 
of  the  sea  has  already  been  assumed  to  be 
amply  provided  against  by  the  part  of  the 
curve  of  stability  between  C  and  D. 

On  consideration  it  will  be  evident  that 
in  thus  dividing  the  curve,  a  greater  range 
is  actually  devoted  to  providing  against  the 
heave  of  the  sea  than  is  intended.  To  ab- 
sorb the  effect  of  a  gust,  the  front  part  of  the 
curve  from  A  to  H  is  made  double  what  is 
required  for  the  steady  heel  under  sail ;  but 
by  placing  the  curve  C  D  as  described,  it  is 
tacitly  assumed  that  the  double  power  of  the 
wind  must  be  provided  for  at  the  other  end 
of  the  curve  also,  and  for  this  no  reason  ap- 
pears. If  B  E  is  the  wind-curve  belonging 
to  the  greatest  safe  steady  heel,  then  the 
curve  from  C  to  E  will  be  the  portion  of  the 
curve  of  stability  really  devoted  to  rolling 
in  waves  with  the  intensity  represented  by 
the  wind-curve  BE.  If  this  wind  were 
blowing  steadily  there  would  be  the  por- 
tion B  E  of  the  curve  of  stability  to  provide 
against  rolling  in  waves.  And  if  A  0  is 
sufficient  to  provide  for  the  gust,  then,  as 
is  said  above,  C  E,-  not  0  D,  is  available 
to  resist  rolling  in  waves. 

This  objection  is,  it  will  be  observed, 
made  upon  the  assumption  that  the  principle 
of  thus  subdividing  the  curve  of  stability  is 
admitted  ;  but  it  does  not  appear  that  any 
justification  can  be  found  for  such  division, 
and  this  of  course  is  a  radical  objection  to 
the  whole  method.  The  two  actions,  of 
the  sea  and  the  wind,  must  generally  go  on 
together,  and  extend  over  the  same  por- 
tions of  the  curve  of  stability,  so  that  it 
appears  improper  to  devote  one  portion  to 
the  gusts  of  wind  and  another  to  the  heave 
of  the  sea. 

It  would,  I  think,  be  more  nearly  consist- 
ent with  the  conditions  of  a  ship  under 
sail  and  rolling  in  waves  to  suppose  her  to 
be  rolling  in  the  worst  waves  she  is  likely 
to  meet,  and  to  suppose  her  sails  to  be  struck 
by  a  squall  at  that  part  of  her  roll  at  which 
the  gust  would  be  most  dangerous. 
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For  instance,    suppose    Fig.  2  to  show  a 


curve  of  stability  of  a  ship,  which  may  be 
assumed  to  be  rolling-  to  leeward  under  the 
influence  of  the  waves  alone,  and  with  such 
an  oscillation  that  the  roll  would  end  at  B 
D.  When  she  arrives  at  E  a  gust  may  be 
supposed  to  strike  her,  which  is  represent- 
ed by  the  wind-curve  F  G  K,  and  so  the 
ship  is  made  to  roll  beyond  the  position  B 
D  to  another  position,  J  H,  such  that  the 
area  G  II  is  equal  to  the  area  C  G  It  is 
evident  that  the  greater  the  area  C  G  the 
greater  will  be  the  additional  angle  of  roll 
due  to  the  action  of  the  wind.  It  is  also 
evident  that  the  area  of  C  G  is  greater  the 
earlier  in  the  roll  to  leeward  when  the 
wind  begins  to  act.  Hence  the  worst  point 
of  the  roll  at  which  the  wind  can  begin 
to  act  is  when  the  ship  has  reached  the 
limit  of  the  roll  to  windward. 

This  case  is  represented  in  Fig.  3.     A  B 


lu,  3 


is  the  extreme  windward  position  of  the 
ship  when  rolling,  which  roll  would,  with- 
out any  wind,  end  at  C  D  to  leeward.  But 
at  A  B  the  wind  begins  to  blow  with  an 
intensity  represented  by  the  wind- curve  A 
F,  and  the  roll  is  thus  increased,  ending  at 
G  H  instead  of  C  D.  The  positition  of  G  H 
is  fixed  by  the  condition  that  the  area  D  E 
I  G  shall  equal  the  area  A  0,  and  the  ship 
would  be  safe  so  long  as  the  area  D  E  F  G 
was  greater  than  the  area  A  G. 

Another  imaginable  case  is  that  where  a 
ship  is  rolling  among  waves  with  a  steady 
pressure  of  wind,  the  power  of  which 
becomes  suddenly  doubled  at  the  worst  part 
of  the  roll.  This  case  is  represented  in  Fig. 
4,  where  KB  is  the  wind-curve  for  the 
steady  pressure,  J  K  and  H  C  are  the  ex- 
tremes of  the  roll  before  the  power  of  the 
wind  is  increased,  and  J  G  E  is  the  wind- 
curve  for  the  suddenly  increased  intensity 
which  is  assumed  to  take  place  when  the 


ship  is  in  the  position  J  K.  The  gust  will 
cause  the  roll  to  be  lengthened,  say,  to  the 
position  D  F,  the  area  H  G  E  F  being  equal 
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to  the  area  JECG;  and  in  this  case  the 
ship  will  be  safe  so  long  as  the  area  H  G  L 
F  is  greater  than  the  area  JKC6. 

This  mode  of  regarding  the  subject  is  by 
no  means  free  from  objection,  but  I  consider 
it  preferable  to  that  previously  described, 
and  as  more  nearly  representing  the  kind 
of  action  that  must  go  on  when  a  ship 
under  sail  is  rolling  in  the  trough  of  the 
sea. 

One  objection  to  both  methods  appears 
on  the  surface,  viz. — that  while  the  curve 
of  stability  has  reference  to  the  inclina- 
tion of  the  ship  to  the  wave-surface, 
the  wind-curve  has  relation  to  the 
inclination  of  the  ship  to  the  horizon.  In 
the  foregoing  case,  therefore,  the  effect  of 
the  wind  has  probably  been  reckoned 
greater  than  it  should  be,  since  it  has 
been  taken  in  proportion  to  the  change  of 
inclination  to  the  surface  of  the  wave,  in- 
stead of  in  proportion  to  the  change  of  in- 
clination to  the  horizon. 

At  present  I  do  not  see  a  way  to  over- 
come these  objections  and  difficulties,  nor 
should  I  regard  either  method  of  investiga- 
tion as  affording  trustworthy  means  of 
calculating  the  precise  amount  of  stability 
which  would  be  required  for  new  design  f--. 
The  only  safe  guide  in  this  matter  is,  in  my 
opinion,  found  in  experience  with  successful 
ships,  and  in  designing  new  vessels  it  ap- 
pears desirable  to  provide  that  amount  and 
range  of  stability  which  have  been  proved 
sufficient  in  ships  that  have  been  thoroughly 
tried. 


The  total  length  of  the  lines  of  railroad 
owned  and  leased  in  Fennsylvania  by 
the  Pennsylvania  Company,  is  600  miles. 
The  earnings  last  year  were  $22,262,010.08. 
and  the  net  profits  $6,896,403.51,  which, 
after  paying  interest  on  indebtedness,  is  a 
profit  of  nearly  12  per  cent,  on  the  capital. 
The  Pennsylvania  Company  lease  or  own  a 
controlling  interest  in  roads  in  other  States, 
aggregating  a  length  of  3,200  miles. 
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By   E.  SHERMAN  COUI.P,  C.  E. 
Written  for  Van  Nostrand's  Magazine. 


It  would  perhaps  be  difficult  to  find  a 
better  illustration  of  the  difference  between 
pure  and  applied  mechanics,  than  that  af- 
forded by  the  rise  and  progress  of  the 
attempt  to  calculate  rigidly  the  strains  to 
which  the  different  members  of  a  trussed 
girder  may  be  exposed.  We  say  "  at- 
tempt" because,  though  many  volumes 
have  been  written  upon  the  subject,  it  is 
quite  evident  that  scientific  writers  have 
not  yet  arrived  at  that  unanimity  of  teach- 
ing which  alone  certifies  that  actual  truth 
has  been  reached. 

If  50  years  ago  the  drawing  of  a  trussed 
girder  of  a  given  weight  and  destined  to 
support  a  given  load,  had  been  submitted 
to  an  accomplished  mathematician,  he  would 
have  been  astonished  if  any  one  had  assert- 
ed that  there  was  any  particular  difficulty 
in  calculating  the  strain  on  its  different 
parts.  He  would  have  at  once  said — the 
greatest  possible  strain  must  certainly  occur 
when  the  girder  is  entirely  covered  with  its 
load.  He  would  have  assumed  it  so  cov- 
ered and  rapidly  knocked  off  the  calcula- 
tion while  whistling  di  tauti  palpati,  or 
some  other  opera  air.  If  necessary,  he 
would  have  demonstrated  his  results  by  the 
integral  calculus. 

At  the  present  time,  such  calculations 
seem  to  be  matters  between  every  engineer 
and  his  own  conscience.  Rigorous  mathe- 
matical principles  are  made  to  prove  totally 
different  theories,  and  it  is  only  since  the 
appearance  of  Mr.  Stoney's  works  that  we 
may  be  said  to  have  got  even  upon  the  right 
path  of  investigation,  to  say  nothing  of  hav- 
ing reached  ultimate  results.  Fortunately, 
bridge  building  has  in  the  meantime  pro- 
ceeded as  if  we  actually  knew  all  about  it. 

It  must  be  at  least  admitted  that,  in  the 
matter  of  plate  girders,  or  girders  with  a 
continuous  web,  we  have  nothing  further  to 
learn.  The  method  of  moments,  or  to  speak 
non-technically,  leverage,  enables  us  to  cal- 
culate unerringly  the  strain  upon  the 
flanges,  while  the  sheering  strain  through 
the  web  is  reached  with  equal  ease  and 
certainty.  With  the  trussed  girder,  the 
case  is  different,  and  it  is  around  the 
trussed  girder  that  the  controversy  between 
writers  upon  the  subject  of  bridge  strains  is 
now  waging;. 


Before  making  the  following  remarks,  we 
will  premise  that  the  object  sought  is  to 
bring  the  trussed  girder  as  nearly  as  possi- 
ble to  the  condition  of  the  "wonderful  one- 
horse  shay,"  previous  to  the  final  catastro- 
phe, of  course.  That  is  to  say,  to  so  pro- 
portion its  parts  to  the  ascertained  strain 
upon  them  that  the  structure  shall  be  equally 
strong  throughout,  and  thus  be  nowhere 
encumbered  with  redundant  weight. 

As  investigation  progressed,  it  was  dis- 
covered that  though  the  flange  strain  for  all 
girders,  plate  or  trussed,  is  maximum  when 
the  girder  is  entirely  covered  with  the  roil- 
ing load,  the  web  strain  is  not  so,  but  is 
maximum  for  any  point  of  the  web  when 
the  shorter  segment  of  the  girder  is  unload- 
ed. The  explanation  of  this  apparent  par- 
adox will  be  shortly  given. 

Now  for  the  trussed  girder.  In  the  first 
place,  it  should  be  understood  that  the 
weight  on  a  truss  is  borne  in  a  manner 
quite  different  from  a  plain  beam  or  plate 
girder.  In  the  latter  case  the  weight  is  ap- 
plied continuously  to  the  flange,  and  trans- 
mitted in  all  directions  through  the  web  by 
paths  which  it  would  be  impossible  to  fol- 
low or  trace.  The  strain  on  any  section  of 
the  flange  or  web  differs  from  that  on  any 
other  section,  however  close  they  may  be  to 
each  other.  In  the  trussed  girder  the  ca  e 
is  different.  The  weights  are  applied  on'y 
to  certain  points  of  the  flanges,  namely,  th  3 
apexes  of  the  trussing,  and  are  transmit' el 
through  the  members  of  the  truss  by  a 
clearly  indicated  path. 

The  strain  in  every  tie,  brace,  counter- 
brace,  and  panel  length  of  flange  is  there- 
fore uniform  through  the  entire  length  of 
such  member,  and  only  varies  from  panel 
to  panel.     The  calculation  by  moments,  of 

which  the  ordinary  formula  is  (L.«  -  ac*J 

2D  L 

does  not  therefore  apply  to  trussed  girders, 

nor  does  any  calculation  by  moments  apply 

to  such  girders  except  to  simple  systems  of 

trussing,   like   the   Howe  or  Wan-en,  and 

then   only  by  calculating   the  moments  of 

each   loaded   apex   separately   around   the 

centre  of  the  panel,  the  flange  of  which  it  is 

desired   to   calculate.       To   the    compound 

truss  the  system  does  not  apply  at  all. 

The  true  system  of  calculation  is  that  by 
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the  resolution  of  forces.  Each  panel  is  an 
independent  frame,  kept  in  position  by 
leaning  or  drawing  against  its  neighbors, 
and  sustaining  not  only  the  weight  which  it 
bears  directly,  but  also  that  transmitted  to 
it  through  and  by  the  others.  The  whole 
weight  of  truss  and  loading  is  sustained  by 
the  ties  and  braces,  the  flanges  serving  only 
to  keep  them  in  their  proper  position.  In 
fact  it  will  be  readily  seen  that  the  vertical 
or  sustaining  strain  comes  entirely  upon 
these  members,  while  the  flanges  take  only 
the  horizontal  strain.  It  would  seem  as  if 
all  difficulty  in  calculating  the  strains  upon 
the  different  members  of  a  truss  must  van- 
ish when  the  structure  is  considered  thus, 
and  so  it  would  if  certain  mischievous  axi- 
oms had  not  been  generally  admitted  and 
reasoned  from.  We  refer  mainly  to  two, 
viz.  : 

That  balanced  weights  (i.  e.,  the  weights 
on  an  uniformly  loaded  truss)  are  trans- 
mitted direct  and  totally  to  the  nearest 
abutment,  and  that  when  a  truss  is  loaded 
with  balanced  weights,  an  unbalanced 
weight  acts  as  if  the  truss  bore  no  other 
weight  at  all.  We  call  these  erroneous 
axioms  mischievous  because  they,  particu- 
larly the  first,  have  a  seeming  truth. 

In  fact,  when  a  truss  is  uniformly  loaded, 
the  balanced  weights  act  precisely  as  they 
would  were  they  indeed  transmitted  undi- 
minished to  the  nearest  abutment.  But  in 
point  of  fact,  each  weight  of  a  balanced  se- 
ries transmits  proportional  parts  of  its  whole 
weight  to  the  two  abutments.  To  general- 
ize, we  would  state  that  any  weight  upon  a 
beam  or  truss  transmits  proportional  parts 
of  its  whole  weight  to  the  two  abutments. 
An  admission  of  this  fact  clears  away  all 
difficulty  in  the  calculation  of  bridge  strains. 
We  will  not  speak  of  the  second  false  axi- 
om, because  a  true  understanding  of  the 
first  renders  this  unnecessary. 

We  will  now  state  the  true  axioms  upon 
which  the  calculation  of  a  trussed  girder 
rests. 

1.  The  weight  of  the  truss  and  load  acts 
upon  the  flanges  only  at  the  apexes  of  the 
trussing. 

2.  All  weights  are  transmitted  in  propor- 
tional parts  to  the  two  abutments. 

3.  The  actual  strain  on  any  web  member 
is  the  algebraic  sum  of  the  compressive  and 
tensile  strains  upon  that  member. 

The  strains  on  the  flanges  alone  are  max- 
imum when  all  the  apexes  are  loaded  ;  the 
strain  on  any  tie  being  maximum  when  it 


and  the  apexes  between  it  and  the  farthest 
abutment  only  are  loaded. 

We  see  why  this  is  so  from  the  second 
and  third  axioms.  The  weights  on  the 
shorter  segment  send  proportional  parts 
through  the  longer  segment,  and  these  act 
compressively  upon  the  tie.  Remove  these 
weights  and  their  substractive  influence  is 
no  more  felt  upon  the  tensile  strain,  which 
becomes  thereby  augmented.  In  fact,  the 
neatest  way  to  obtain  the  maximum  strain 
upon  a  given  tie,  is  to  add  the  weight  which 
the  apexes  of  the  shorter  segment  send  to 
the  farther  abutment,  to  the  weight  borne 
by  the  tie  when  all  the  apexes  are  loaded. 
This  method  requires  less  figuring  than  any 
other,  because,  in  order  to  calculate  the 
flange  strains,  it  is  necessary  first  to  obtain 
the  strain  on  the  ties  when  the  truss  is  uni- 
formly loaded,  and  the  maximum  strains  on 
these  members  may  thus  be  readily  got  by 
addition. 

In  a  simple  truss,  such  as  the  Howe,  we 
cannot  consider  the  apexes  of  the  shorter 
segment  as  wholly  unloaded.  There  is  al- 
ways half  a  panel  weight  of  the  rolling  load 
upon  the  tie  next  nearest  the  nearest  abut- 
ment from  the  tie  considered  as  the  last 
one  in  the  loaded  segment.  This  half  panel 
weight  must  be  taken  account  of,  as  it  les- 
sens the  maximum  strain  on  any  given  tie 
by  the  amount  of  weight  which  it  sends  to 
the  further  abutment.  In  compound  truss- 
es this  is  not  the  case,  as  the  half  panel 
weight  is  borne  by  the  tie  of  another  system 
of  trussing. 

As  a  general  rule,  if  a  truss  be  counter- 
braced  throughout,  the  counterbraces  need 
only  be  calculated  to  sustain  one  panel 
weight  each  of  the  rolling  load,  as  this  will 
be  more  than  sufficient  to  resist  whatever 
sheering  strain  may  arise  from  the  passage 
of  the  rolling  load.  The  greatest  amount 
of  sheering  strain  is  brought  on  the  count- 
ers when  half  the  truss  is  covered  with  the 
rolling  load.  In  calculating  the  actual 
strain  (see  axiom  3)  upon  the  counters  from 
the  rolling  load  when  thus  distributed,  care 
must  be  taken  to  deduct  the  strain  sent  by 
the  apexes  between  the  strained  counters 
and  the  centre  of  the  truss,  to  the  nearest 
abutment,  as  well  as  the  strain  from  per- 
manent truss  load.  This  will  in  almost  all 
cases  reduce  the  sheering  strain  below  that 
which  the  counters  sustain  in  stiffening  the 
truss,  namely,  one  panel  weight  of  the  roll- 
ing load,  each. 

!<■  wouM  ^em  now,  as  if  the  calculating 
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of  a  truss  were  a  very  simple  matter,  but 
an  article  from  "  The  Engineer,"  in  the 
July  number  of  this  magazine,  calls  atten- 
tion to  the  fact  that  it  is  not  sufficiently  ac- 
curate in  long  trusses  to  consider  the  per- 
manent bridge  load  as  a  uniform  weight 
per  apex,  since  the  panel  bridge  Aveight  at 
the  centre  very  greatly  exceeds  that  at  the 


ends.  The  extra  weights  of  the  end  ties 
and  braces  would  go  somewhat  to  reduce 
this  difference,  but  not  to  sensibly  equalize 
it,  and  the  difference  is  unfortunately  on 
the  side  of  danger.  This  new  and  perfectly 
true  observation  still  further  complicates 
the  "  wonderful  one-horse  shay  "  system,  as 
applied  to  trusses. 


THE  VELOCITY  OF   PISTONS  IN  CEANK  ENGINES. 

By  R.  WERNER. 
Translation  from  "  Zeitschrift  des  Vereinea  Doutacher  Ingenieure." 


The  mean  velocity,  the  mean  effective 
steam  pressure  upon  the  square  unit,  and 
the  sectional  area  of  the  piston  are  the  three 
factors  of  the  effect  or  work  of  an  engine  as 
shown  by  the  indicator. 

Suppose  the  boiler  pressure  and  the  size 
of  piston  given,  then  the  determination  of 
the  most  advantageous  velocity  depends  on 
one  or  more  of  several  conditions  imposed  in 
each  particular  case. 

First. — If  the  mechanical  effect  is  to  be 
the  greatest  possible  without  reference  to 
expenditure  of  steam,  a  maximum  will  be 
reached  by  a  fully  open  throttle  valve,  giv- 
ing a  velocity  that  causes  unsteady  speed 
and  less  control.  The  reason  that  the 
power  of  an  engine  diminishes  for  a  still 
higher  velocity  is  this :  the  effective  steam 
pressure  upon  the  piston  diminishes  by  a 
greater  ratio  than  that  of  the  increase  of 
velocity.  The  power  product  is  finally  so 
small  that  it  is  equal  only  to  the  running  of 
the  machine.  This  velocity  is  generally  so 
great  that  it  can  be  practically  attained  only 
with  danger  of  bursting  the  fly-wheel. 

Second. — Suppose  the  least  possible  ex- 
penditure of  steam  per  horse  power  ;  then, 
at  first  glance,  a  very  slow  speed  seems 
most  desirable,  because  this  corresponds  to 
the  highest  possible  effective  steam  pres- 
sure. But  further  consideration  shows  that 
in  case  of  less  velocity  of  piston, 

(a)  A  certain  quantity  of  steam  remains 
for  a  longer  time  in  contact  with  cylinder, 
piston,  and  slides,  causing  loss  by  conden- 
sation. 

(b)  There  is  further  loss  due  to  play  of 
piston  and  slides. 

(c)  Small  velocity  would  require  greater 
dimensions  in  parts  of  machine  for  the  same 
performance,  and  there  would  consequently 
be  greater  resistance  from  friction  and 
greater  cost  of  attendance. 


{d)  Finally,  for  moderate  velocities,  and 
for  steam  pipes  not  too  small  or  long,  the 
depression  of  steam  is  so  small  that  the  or- 
dinary velocities  of  practice  may  be  in- 
creased with  advantage.  We  have  proof  of 
this  in  the  case  of  locomotives.  With  them 
great  speed  is  a  necessity,  in  spite  of  the 
principle  that  a  "solid"  steam  engine  should 
go  slow  to  prevent  wear  and  tear,  and 
shocks  in  joints  and  bearings,  and  to  insure 
steadiness. 

Wear  and  tear  in  general  increases  with 
the  velocities  of  sliding  parts,  ancr  decreases 
in  the  ratio  of  the  specific  pressure  surface. 
In  swift  machines  the  journals,  beds,  and 
grooves  should  be  long  and  made  of  steel, 
bronze,  or  composition. 

Steady  motion  is  by  no  means  conditioned 
upon  low  velocity.  It  is  rather  consequent 
upon  a  certain  rapidity  which  depends 

(a)  Upon  the  ratio  of  the  initial  steam 
pressure  to  the  weight  of  the  parts  moving 
with  the  piston. 

(b)  Upon  the  degree  of  expansion. 

(c)  Upon  the  length  of  stroke. 

The  relation  of  these  three  magnitudes 
up  to  this  time  has  been  determined  only 
for  non-crank  engines,  and  especially  for 
pumping  engines.  In  these  cases  the  weight 
of  the  piston  rod,  as  an  element  of  con- 
struction, is  of  great  import.  And  the  law 
of  motion  of  the  piston  and  rod  are  depend- 
ent upon  this,  not  being  given  a  priori,  as 
in  the  case  of  a  crank  machine,  as  a  conse- 
sequence  of  the  nearly  uniform  revolution  of 
the  crank.  From  this  simple  law  of  sine  or 
harmonic  motion,  for  any  position  of  the 
piston  may  be  found  the  pressure  at  cross- 
head  and  link  due  to  the  inertia  of  the 
parts  moving  together  with  the  piston.  This 
pressure  at  the  beginning  of  the  stroke,  op- 
erates against  the  active  steam  pressure,  at 
the  middle  of  the  stroke  becomes  zero,  and 
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varies  with,  the  steam.  pressure  till  the  end 
of  the  stroke. 

A  speed  the  freest  possible  from  shock, 
depends  upon  the  condition  that  the  change 
in  pressure  (steam  plizs  mass  pressure)  at 
the  link  is  taken  at  dead  point.  This 
would  not  be  the  case  if,  in  consequence  of 
too  great  velocity,  the  resistance  of  masses 
were  initially  greater  than  the  steam  pres- 
sure. 

In  our  further  investigations  of  the  limits 
of  velocity,  of  steady  motion  of  oscillating 
parts,  of  steam  tension  and  degree  of  ex- 
pansion, we  refer  to  a  little  work  in  which 
the  subject  is  treated  with  great  clearness, 
reference  being  made  to  experiments.  The 
title  is,  "  Ueber  Dampfmaschinen  mit 
hoher  Kolbengeschwindigkeit."  Yon  Ka- 
dinger.     Wien,  1870. 

After  referring  to  the  influence  of  oscil- 
lating parts,  the  author  remarks  that  the 
pressure  or  indicator  diagram  represents 
the  work  communicated  to  the  crank  in  its 
total  area,  but  not  in  the  sections.  He  then 
finds  the  law  of  "  mass  pressure  "  or  resist- 
ance upon  a  crank-pin  with  infinitely  long 
crank  arnjgas  follows  : — 

Let  P  =  weight  in  kilograms  of  oscillating  parts. 
r  =  length  in  metres  of  crank. 
I  =  2  r  =  length  of  stroke. 
h  =  number  of  revolutions  per  minute. 

tc  =  — '-— — ■   =  initial  velocity    of   crank- 
circle. 
f  =  piston  area  in  square  centimetres. 
L  =  length  of  link-rod. 
g  =  9.808  metres. 

Suppose  the  motion  of  the  piston  korizon- 

F 
tal,  then  the  horizontal  pressure—  is  equal 

to  the  horizontal  component  of  the  centri- 
fugal force  of  an  equal  mass  attached  to  the 
crank.     This  centrifugal  force  is 

gr 

Its  horizontal  component  is  F  cos  (o,  and 
the  magnitude  referred  to  the  unit  of  pis- 
ton-area is 

F 
q  =  —j-  cos  a>. 

If  s  =  piston  space  then 
r—s  =  r  cos  a), 
hence 

F  r-s 

•w  hich  is  the  equation  of  a  straight  line. 
In  Fig.  1 

AD  =  yandAC  =  BC  =  r. 


In  case  of  a  rod  of  finite  length  instead 
of  this  straight  line,  we  have  a  curve  Ex  Ft . 
The  areas  of  the  triangles  Ax  Cj  Dx  and 
Bt  G1  Ej  are  numerically  equal ;  but  the 
former  is  negative,  the  latter  positive. 


Fig.  1. 


The  work  due  to  the  "  mass-pressure  "  is 
represented  by  the  areas  of  these  triangles, 
just  as  the  work  of  steam  is  shown  by  the 
indicator  diagram.  The  total  work  from 
one  dead  point  to  the  other  is  zero  ;  conse- 
quently the  total  area  of  the  corresponding 
diagram  must  also  be  zero. 

If  the  ordinate  q,  Fig.  1,  represents  the 
mass-pressure  per  square  centimetre  of  pis- 
ton surface,  and  p  is  the  ordinate  in  a 
steam-diagram  on  the  same  base,  represent- 
ing the  steam  pressure  on  the  same  unit. 
We  get  by  algebraic  addition  of  q  and  p,  the 
ordinate  t  of  a  total-pressure  diagram  (Fig. 
2),  representing  the  work  of  steam  trans- 
mitted through  the  crank -pins. 

Fig  2. 


Fig.  3  is  a  diagram  for  an  engine  of  j1^ 
feed.  AB  and  Ax  Bj  are  the  limits  for  the 
pressure  due  to  acceleration ;  ACD  and 
Aj  C,  T)l  are  the  limits  of  result  and  pres- 
sure on  the  crank. 

In  the  case  represented  in  Fig.  4  there  is 
a  change  of  pressure,  and  a  consequent 
shock  upon  the  crank  at  B.  Either  the 
velocity  is  too  great  for  the  6team  tension, 
or  if  this  velocity  is  to  be  maintained,  then,  to 
prevent  shock,  the  tension  must  be  increased 
and  the  feed  must  be  diminished  ;  the  latter, 
in  order  that  the  work  of  the  steam  may  not 
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be  increased.     Hence  follows  the  important 
conclusion,    that  the   advantage  of  a  high 

Fig.  3. 


steani  tension  with  corresponding  expansion 
is  the  same  as  that  of  great  velocity. 

Fig.  4. 


Fig.   5   illustrates   a  velocity   too    great, 
causing  change  of  pressure  at  0  and  D. 


fig.  5. 


Fig.  6  represents  the  maximum  of  velo- 
city and  the  minimum  of  supply. 

The  author  gives   the  following  formula 
Vol.  VII.— No.  3—20 


Fig.  6 


for  the  calculation  of  the  maximun  velocity 
of  piston  : 


In2  = 


180*7 


1+- 


-p-(Pi~P2) 


Hence  the  supply  can  never  be  less,  with 
reference  to  the  final  pressure,  than 

I  -  Pl  ' 
or,  with  reference  to  the  acceleration,  than 
h  Pi 


In  these  formulas />!  is  the  steam*  pressure 
in  square  centimetre  kilograms  at  the  period 
of  full  supply,  and  p^  is  the  counter-pres- 
sure. Expansion  is  assumed  to  follow 
Mariotte's  law. 

p 

The  author  has  found  the  value  of  —*- 

seldom  less  than  0.42  or  0.80,  and  for  safety 

takes 

p 

— — =  0.28  for  high  pressure  engines. 


0.33  for  low-pressure  engines. 


Tables  calculated  by  these  formulas  give 
values  of  initial  pressure,  stroke,  number 
of  revolutions,  and  minimum  of  supply 
corresponding  to  maximum  velocities  of  the 
piston. 

After  determination  of  the  greatest  per- 
missible velocities,  it  is  of  great  importance 
to  determine  the  limits  of  velocity  consist- 
ent with  steady  speed. 

This  is  accomplished  if  the  pressure  per- 
pendicular to  the  crank  changes  as  little  as 
possible ;  or  if  the  differences  of  work  in 
the  fly-wheel  corresponding  are  the  least 
possible.  The  tangential  pressure  must  be 
found. 

Illustration  is  given  in  Fig.  7a. 

The  semi-circumference  of  the  crank- 
circle  is  developed  into  the  base  line,  and  the 
tangential  components  of  horizontal  pres- 
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sure  are  laid  off  as  ordinates.  Since  the 
fly-wheel  during  half  a  revolution  gives 
out  as  much  work  as  it  receives,  the  excess, 
represented  by  the  areas  under  the  line  A  B, 
Fig.  7a. 


must  be  equal  to  those  lying  below.     As 

F 
the  direct  calculation  of  that  value  of — 

for  which  the  excess  is  a  minimum  is  diffi- 
cult, the  author  takes  the  value  for  which 
the  limiting  curve  is  horizontal  in  its  mean 
course,  or  coincides  in  direction  as  nearly  as 
possible  with  the  line  of  mean  resistance. 
With  this  assumption  we  have  for  greatest 
steadiness 


It  follows  that — 

(1.)  The  velocity  of  most  advangtageous 
speed  increases  with  the  tension  and  the 
supply. 

(2.)  If  the  maximum  steadiness   is  to  be 

had,  the  feed  must  not  pass  the  limit  y===£, 

F 
because  in  this  case  ~=  pl  ;  the  velocity 

becoming  as  great  as  permissible. 

(3.)  For  supply  greater  than  0.5  there  is 
no  velocity  corresponding  to  steady  motion  ; 
and  an  engine  with  full  supply  will  work 
more  steadily  as  the  velocity  of  piston  di- 
minishes. So  far  as  the  value  ^  -j-  ex- 
presses the  final  tension  we  may  say 

That  the  steadiness  of  an  engine  is  the 
greatest  for  that  velocity  with  which  there  is 
a  pressure  at  the  beginning  of  each  stroke 
equal  to  twice  the  final  pressure  on  the 
piston. 

The  following  is  a  table  for  velocities 
with  greatest  steadiness  at  the  highest  per- 
formance (minimum  of  supply)  : 


Stroke  (metres). . . . 

0.50 

0.75 

1.00 

1.50 

2  00 

r 

Non-condensing .  { 
I 

175 
2.9 

143 

123 

100 

87              Revolutions  per  minute. 

3.6 

4  1 

5.0 

5.8 

Piston  path  per  second. 

Condensinc 


G5 


1.1 


50 


4(3 


38 


1.32*) 


1.53 


1.90 


32 


2.15 


Revolutions  per  minute. 


Piston  path  per  second. 


This  table  is  calculated  according  to  the 
following  formulas  : 
For  condensing  engines 

In  _ 

"30"=  1.53V  L 

For  non-condensing  engines 
In  

If  c  =  piston-space  per  minute,  and 
h  =  the  stroke  in  feet  (Rheinl. )  ; 

for  high-pressure  engines  c  =  439  V  h 
"    low        "  "      c==  164-//? 

The  velocities  for  infinitely  long  connect- 
ing-rods, corresponding  to  maximum  stead- 
iness, apply  without  modification  to  rods 
of  finite  length.  For,  in  the  last  case  the 
velocities  up  and  down  are  as 

1  +  -    -1— r-. 


The  mean  between  these  is  the  value  for 
an  infinitely  long  rod. 

A  diagram    of  tangential  pressures  for 
coupled  machines  is  obtained  by  junction 
of  separate  diagrams  and  addition  of  co- 
incident co-ordinates.     Fig.  7b.  shows  the 
Fig.  7b. 


application  to  a  twin-engine  with  rectangu- 
lar set.      The  resultant  fines  of  limit  for 
F 
—  =  0  to  5  give  the  same  fine  of  limit  as 

that  of  Fig.  8. 
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The  mean  line  of  resistance  A  B  naturally 
lies  twice  as  high  as  AB  in  Fig.  7. 

Fig.  8. 


If  we  find  that  the  velocity  of  a  twin-en- 
gine is  without  influence  upon  the  steadiness, 
still  we  cannot  infer  uniformity  of  motion 
of  the  fly-wheel,  for  this  does  not  always 
increase  in  the  ratio  of  the  square  of  the 
velocity.  Motion  without  shock  lies  between 
the  velocity  limits  given  above.  It  follows 
from  the  above  that  in  the  case  of  Woolf 
engines,  those  in  which  small  and  large 
cylinder  each  has  its  separate  rod  are  not  as 
advantageous  as  those  with  coupled  rods. 

The  author  next  considers  the  subject  of 
regulation  of  speed,  and  shows  the  supe- 
riority of  the  expansion  to  the  throttle-valve 
regulator.  He  concludes  that  an  engine 
under  high  velocity  is  but  slightly  influenc- 
ed by  the  throttle  regulator ;  that  there  is 
no  decrease  of  tension  in  the  boiler ;  and 
that  regulation  should  depend  on  the  sup- 
ply. In  this  case  one  need  not  be  confined 
within  the  ordinary  limits  of  "  experience," 
which  depend  on  different  conditions,  but 
may  use  higher  velocities  than  heretofore 
employed. 

Next  is  taken  up  the  influence  of  distribu- 
tion upon  motion  of  parts.  In  order  to  in- 
sure steady  speed  a  certain  lead  and  initial 
opening  are  necessary.  The  proper  relation 
of  these  also  causes  the  quietest  motion  of 
parts. 

Perfect  regulation  of  distribution  of  steam 
is  possible  only  with  the  help  of  the  indica- 
tor-diagram. The  fact  that  the  speed  of 
English  engines  is  greater  than  that  of  ours 
is  to  be  attributed  to  the  more  frequent  use 
of  the  diagram.     The  necessary  conditions 


of  steady  speed  are  quick  opening  and  clos- 
ing ©f  the  steam  passages  by  means  of  suf- 
ficient range  of  slides,  proper  exhaust  port 
at  change  of  stroke,  and  wide  steam-pas- 
sages. 

The  diameter  of  the  steam-passages 
should  be  such  that  the  mean  velocity  of 
the  steam  is  in  all  cases  30  metres.  It  de- 
pends both  on  area  and  velocity  of  piston. 
Indicator  experiments  on  an  engine  have 
shown  this  velocity  to  be  permissible  with 
fully  open  cut-off ;  as  illustrated  in  Fig.  9. 
The  diameter  of  passage  is  to  that  of  cylin- 
Fig.  9. 


er  as  1  :  15  ;  and  for  45  revolutions  per 
minute,  and  0  velocity  of  piston,  2  metres 
per  second ;  giving  30  m.  velocity  in  the 
passages,  the  tension  is  not  materially  di- 
minished. But  with  greater  velocity  it 
diminishes  considerably. 

While  the  pressures  of  the  steam  on  the 
bottom  of  the  cylinder  and  of  the  piston  on 
the  crank,  with  reference  to  the  stability  of 
the  frame,  are  counteracted  within  the  en- 
gine, the  "  mass-pressures,"  as  above  defin- 
ed, in  horizontal  engines  act  as  exterior 
forces  tending  to  shift  the  whole  system. 
Although  these  horizontal  oscillations  may 
be  counteracted  by  sufficient  foundation, 
yet,  in  order  that  steadiness  may  be  insured 
to  a  swift  engine,  a  counterpoise  attached 
to  a  prolongation  of  the  crank  is  desirable. 
This  would  generate  a  centrifugal  force 
tending  to  lift  the  crank  from  its  place. 
But  this  vertical  action  is  not  as  hurtful  as 
the  horizontal.  It  is  advised  to  take  the 
moment  of  the  counterpoise  at  0.5  d)  0.8 
of  the  weight  of  the  rod. 


STEAM  HAMMEK   FOUNDATIONS.- 


By  Mr.  THOMAS  GILLOTT. 


The  introduction  of  the  steam  hammer  in 
1843,  rendered  possible  the  production  of 
forged  masses  of  iron,  greater  than  had  pre- 
viously been   thought  of;   and  since   that 

*  A  paper  read  before  the  Leeds  Association  of  Foremen  En- 
gineers. 


period  the  power  of  this  useful  agent  has 
been  progressively  increased  to  meet  the 
requirements  of  modern  engineerirg. 

As  might  be  expected  in  the  application 
of  new  inventions,  experience  was  in  a  great 
measure  the   guide  as  to  what  proportions 
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should  be  given  to  the  foundations  for  steam 
hammers  of  different  sizes ;  and  the  vari- 
ous recommendations  of  some  of  the  best 
and  earliest  .makers  indicated  the  "want  of 
some  governing  scientific  principles,  in  or- 
der to  secure  that  uniformity  always  appa- 
rent where  results  are  certain. 

The  elaborate  investigations  of  the  laws 
of  impact,  by  Airy,  Whewell,  and  Moseley, 
have  been  extensively  applied  to  practice  in 
the  case  of  timber  and  other  driven  pile 
foundations,  so  that  the  sustaining  powers 
of  these  structures  are  known  with  certain- 
ty ;  but  a  discussion  of  the  principles  that 
should  guide  the  'engineer  in  the  design  of 
that  portion  of  the  steam  hammer  not  ^up- 
plied  by  the  makers  of  the  hammer  proper, 
has  never,  to  the  knowledge  of  the  author, 
been  published. 

In  ordinary  steam  hammers   a  mass  of 
metal,  of  a  certain  "weight,  is  raised  to   a 
given  height,  from  which  it  falls — in  some 
cases  with  the  velocity  due  to  gravity  alone, 
and  in  others  this  velocity  is  accelerated  by 
additional   forces ;    the    two   classes   being 
known  as   single  or  double  acting,  as  the 
case  may  be.      The   accumulated  work  at 
the  moment  of  impact  is  expended — first  in 
the   compression  of  the  material  operated 
upon  to  the  extent  of  its   own  inertia  and 
the  resistance   supplied  by  the  foundation, 
and,  secondly,  in  that  of  the  anvil  and  sub- 
jacent foundation.     In  the  case  of  a  defect- 
ive foundation,   the   block  sinks ;    and  the 
expense  and  inconvenience  (often  involving 
considerable  loss)  of    packing  it   up  from 
time  to  time,  are  well  known  to  those  whose 
office  it  is  to  maintain   steam  hammers  in 
working  condition.     It  is  the  object  of  the 
investigation  which  follows,   to   show  how 
this   defect  may  be   avoided ;    and  it  is  as- 
sumed that  the  condition  to  be  fulfilled  by  a 
perfect  foundation  is,   that  the   anvil   and 
other  portions  of  the  hammer  shall  maintain 
a  constant  level  when   at   rest.     This    as- 
sumption also  involves  another,  viz.,  that  a 
certain   level,  immediately  underneath  the 
foundation    proper,    sustains    no    pressure 
(which  pressure  is  fixed  at  a  certain  maxi- 
mum) that  will  cause  it  to  yield,  and  under 
which  it  is  perfectly  rigid. 

In  the  earliest  examples  the  standards 
and  cylinder  were  quite  independent  of  the 
block  and  anvil ;  and  afterwards,  partly  to 
maintain  all  the  parts  of  the  hammer  in  the 
same  relative  position,  and  partly  to  econo- 
mize material  by  opposing  the  whole  mass 
of  the  fixed  portion  to  resist  the  impact  of 


the  moving  weight,  another  form  was  intro- 
duced, in  which  the  standards  and  cylinder 
were  secured  to  the  block ;  but,  notwith- 
standing its  apparent  advantages,  the  ef-' 
fects  of  repeated  blows  upon  the  joints 
caused  this  plan  to  be  generally  abandoned 
for  large  hammers,  and  the  primary  one  re- 
verted to.  The  helve,  now  becoming  obso- 
lete, scarcely  calls  for  notice  ;  and  the  hori- 
zontal duplex  hammer  requiring  no  founda- 
tion to  resist  the  impact  of  its  blow,  does 
not  fall  under  consideration ;  and  the  case 
of  the  connected  block  being  included  in 
that  of  the  independent  one — the  difference 
being  that  no  side  walls  are  required  to 
support  the  framing  and  cylinder — the  con- 
sideration of  the  principle  of  the  latter  will 
be  sufficient. 

The  rigid  level  at  which  the  foundation 
proper  commences,  being  obtained,  the  por- 
tions to  be  considered  are — first,  the  side 
walls  ;  second,  the  bed-plates  to  which  the 
standards  are  secured ;  and,  lastly,  the  block 
and  elastic  material  interposed  between  it 
and  the  rigid  level  before  mentioned. 

"Where  stone  is  cheap,  it  is,  no  doubt,  the 
most  suitable  material  for  the  side  walls; 
their  office  being  to  support  the  framing, 
and,  by  being  secured  to  the  feet  of  the 
standards,  prevent  lateral  vibration,  it  is 
advisable  to  secure  as  much  weight  and  as 
broad  a  base  as  possible  ;  the  masonry  be- 
ing carried  up  from  the  rigid  bottom  in 
order  that  the  shock  of  the  falling  hammer 
may  not  be  transmitted  to  the  various  con- 
nections so  as  to  injure  them.  The  whole 
weight  should  be  made  available  by  passing 
the  holding-down  bolts  through  the  total 
depth  of  the  masonry ;  making  the  lower 
ends  accessible,  so  that  the  bolts  can  be 
withdrawn  with  little  trouble  when  it  is  ne- 
cessary to  do  so.  Where  stone  cannot  be 
readily  obtained,  Portland  cement  concrete 
blocks  may  be  used  with  great  advantage. 

The  bed-plates  form  a  very  important 
part  of  a  steam  hammer  foundation ;  and 
the  tendency  of  the  standards  (when  double 
standard  hammers  are  employed)  to  spread 
outwards  is  very  great ;  more  especially  in 
-those  hammers  where  many  side  blows  have 
to  be  given,  as  in  making  boiler-plate  slabs 
or  shingling,  and  the  standards  not  bolted 
together  at  the  bottom  of  the  guides.  It  is 
scarcely  practicable  to  cast  bed  plates  for 
large  hammers  in  one  piece,  on  account  of 
their  unwieldly  size  and  the  liability  of  get- 
ting broken ;  but  each  standard  ought  to 
be  well  bolted  to  its  own  plate,  and   also 
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wedged  in  joggles  cast  on  the  latter ;  the 
plate  being  extended  front  and  back  and 
the  holding-down  bolts  kept  wide  apart,  in 
order  to  give  as  much  lateral  steadiness  as 
possible.  Where  the  latter  point  has  not 
been  attended  to  (and  there  are  numerous 
instances),  the  attachment  of  guy  rods  to 
the  upper  portion  of  the  framing  has  been 
found  necessary.  To  connect  the  two  bed 
plates  together,  the  author  prefers  two  very 
strong  wrought-iron  tie  rods  (one  on  either 
side),  with  "f"  heads,  let  into  corresponding 
recesses  in  the  plate  while  hot,  and  the 
standards  adjusted  in  the  joggles  (before 
mentioned)  previous  to  being  wedged.  In- 
stances have  fallen  under  his  notice  in  which 
this  form  of  connection  has  been  subjected 
to  the  strains  of  10  years'  working  without 
visible  alteration,  while  the  more  modern 
plan  of  intermediate  plates  bolted  through 
flanges  cast  on  the  under  side,  have  re- 
quired renewals,  sometimes  of  bolts  and 
sometimes  of  plates,  in  less  than  one-third 
of  that  time ;  besides  having  allowed  the 
spreading  of  the  base  to  a  considerable  ex- 
tent. 

The  anvil-block  is  the  most  important 
part  of  the  foundation,  and  requires  a  more 
scientific  investigation  than  those  parts 
which  have  been  before  treated  of,  in  order 
to  determine  the  necessary  amount  of  mate- 
rial, and  avoid  undue  waste  of  it.  As  to 
the  mass  that  should  be  placed  to  resist  the 
impact  of  a  steam  hammer,  nothing,  so  far 
as  the  author  is  aware,  has  been  published ; 
therefore,  in  the  following  analysis  of  the 
conditions  which  determine  it,  only  such 
steps  of  the  demonstration  are  assumed  for 
which  reference  can  be  had  to  known  au- 
thorities. Moseley  ("  Mechanics,"  p.  591) 
shows  that  when  a  body  of  the  weight  W\ 
moving  with  a  velocity  Vt  impinges  upon 
another  body  of  the  weight  W^  at  rest,  at 
the  instant  of  greatest  compression,  both 
will  move  with  a  common  velocity 


ed  by 


V  = 


w,.v, 


w,  +  wf 


which  is  totally  independent  of  the  nature 
of  the  bodies  and  their  elastic  properties  ; 
and  (p.  597)  in  the  impact  of  two  elastic 
prisms  (whose  length  is  L,  section  K,  and 
elasticity  E),  one  of  which  rests  against  a 
fixed  surface  at  one  extremity,  and  at  its 
opposite  extremity  receives  the  impact,  in  a 
horizontal  direction,  of  the  other  prism,  the 
limits  of  perfect  elasticity  not  being  passed, 
the  maximum  driving  pressure  is  represent- 


V  U*.  j^+K.E,   )' 


~Vw 


In  the  case  of  the  steam  hammer  it  may 
be  observed  that  generally  the  vis  inertia 
of  the  material  operated  upon  may  be  neg- 
lected ;  since  the  weight  of  the  smallest 
forgings  that  require  the  whole  force  of  the 
hammer  is  small,  compared  with  the  ham- 
mer itself;  when,  however,  it  requires  to  be 
taken  into  account,  the  maximum  working 
fall  should  be  that  from  which  the  velocity 
is  derived  and  the  weight  of  the  smallest 
forging  deducted  from  the  weight  of  block 
given  by  the  formula  for  it.  Further,  the 
case  of  the  attached  block  will  be  met  by 
considering  as  "block"  the  whole  mass 
that  receives  the  impact. 

Let  WA  =  the  weight  of  hammer. 
"      W~6  =  weight  of  block. 
"       VA  =  velocity  of  impact. 
"       V   =  velocit}r  at  greatest  compression. 
"Lb       length  of  block 


K5 

I.t 

lit 

Eb 


area 
depth  of  elastic  substratum 


area  of  base 
modulus  of  elasticity  of  block. 
"      Ec   =  its  modulus  of  elasticity. 
"         P  =  the  greatest  driving  pressure  the  sub- 
stratum is  capable  of  sustaining  in 
addition  to   the  weight  of  block, 
etc. 
"        g  =  force  of  gravity  =  32£  feet  per  second. 

Then,  atmospheric  resistance  and  friction 
being  neglected, 

wft  +  w& 

Solving  this  equation  with  respect  to  Wj, 


r(WA  +w6  y 


Wi 


W,,2  -Vft* 


-M-1- 


P2        (\Rbi±b     Kt   Ei 

which  is  the  equation  to  the  weight  of  the 
anvil  block  when  the  weight  of  hammer, 
velocity  of  impact,  greatest  driving  pres- 
sure, and  proportions  and  elasticities  of 
block  and  substratum  are  known. 

In  the  single-acting  hammer  the  velocity 
of  impact 

Vk  =i/H2</;  (H  being  the  height  of  fall;) 

but  if  this  velocity  is  accelerated  by  a  con- 
stant force,  F,  during  the  fall,  the  increase 

will  be  Vftt=-r7T— ' 

To  illustrate  the  application  of  the  fore- 
going principles,  let  the  hammer  and  block 
be  of  cast  iron  ;  the  ratio  of  the  height  di- 
vided by  the  transverse  section  in  feet  be  |, 
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and  the  modulus  of  elasticity  =  7,600  tons 
for  a  base  of  1  sq.  in.  Let  the  elastic  sub- 
stratum be  of  oak,  capable  of  sustaining  a 
driving  pressure,  in  addition  to  the  weight 
of  the  block,  etc.,  of  50  tons  per  sq.  ft. ;  the 
modulus  of  elasticity  being  760  tons  per  sq. 


in. ;  the  whole  being  supported  by  a  rigid 
bed  of  stoue,  concrete,  or  other  material, 
the  level  of  which  must  not  be  depressed ; 
then  the  following  table  will  give  the  sizes 
of  blocks  for  single-acting  hammers  under 
the  conditions  stated : 


Weight  of 

Height  of  Fall. 

Velocitv  of 

Area  of  base  of 

Thickness  of  Tim- 

Weight of  Anvil 

Hammer. 

Impact. 

block. 

ber  under  Block. 

Block. 

Tons. 

Feet. 

Feet  per  sec. 

Square  Feet. 

Feet. 

Tons. 

.» 

1.5 

9.75  ■ 

1. 

1.21 

1 

2. 

11.38 

12. 

1.25 

2  89 

1.5 

2  5 

12.88 

20. 

1.5 

5.65 

2. 

3. 

13  94 

25. 

1.5 

9.67 

2  5 

3.25 

14.5 

35. 

1.66' 

12.38 

3. 

3.5 

15.1 

40. 

1  66' 

15.8 

4. 

4. 

16  1 

50. 

1.83' 

21.89 

5. 

4  5 

17.1 

60. 

2. 

27.86 

6. 

5. 

18. 

70. 

2  33' 

32.6 

8. 

5.5 

18. S 

80. 

2.5 

48.8 

10. 

6. 

19.7 

90. 

2.66' 

71.4 

15. 

8. 

22.76 

100. 

3. 

182. 

For  double-acting  hammers,  let  steam  be 
admitted  on  the  upper  side  of  the  piston, 
and  act  with  a  pressure  of  11.2  lbs.  per  sq. 
in.  for  the  whole  stroke,  on  an  area  of  100 
sq.  in.  for  every  ton  weight  of  the  hammer. 
The  velocity  will  then  be  increased  about 
50  per  cent,  above  that  of  the  single-acting 
hammer ;  and  the  blocks  for  \,  1,  and  1| 
ton  hammers  would  require  to  be  3.35, 
7.75,  and  14.5  tons  respectively.  It  does 
not  always  happen  that  double  action  is  re- 
quired for  the  whole  working  length  of  the 
stroke,  therefore  the  class  of  work  will  in- 
fluence the  weight  of  the  block ;  but  when 
a  lighter  block  is  used  on  this  account, 
more  elasticity  should  be  given  to  the  sub- 
stratum, in  case  the  steam  is  allowed,  by 
any  accident,  to  act  for  the  full  stroke,  and 
thus  prevent  permanent  depression.  To 
take  the  case  of  a  hammer  making  boiler 
plate  slabs ;  the  work  generally  requires 
the  full  force  of  the  hammer,  while  the 
piece  operated  upon  is  comparatively  light, 
and  the  total  fall  but  slightly  diminished ; 
here  a  block  of  maximum  size  is  required. 

The  work  accumulated  before  impact  is 
Wa  Vft  2 

— ; ;    and  that  expended  upon  the  mate- 
rial operated  upon= ;  therefore 

the  amount  of  work  lost  is  equal  to  the  dif- 
ference 


w*  +  w5  y2=P 


+ 


L( 


■J,  g  2   (KjHii  TK,  E, 

Suppose   that  the   weight  of  the   anvil 


block  is  fixed,  and  that  the  substratum  has 
to  be  sufficiently  elastic  to  prevent  perma- 
nent depression  ;  the  depth  of  it  would  hav^ 
to  be 

(The  last  factor  within  the  brackets  may 
be  neglected.) 

Applying  this  to  the  case  where  a  block 
weighing  3  tons  is  used  for  a  20  cwt.  double 
acting  hammer,  the  pressure  of  steam,  elas- 
ticities, etc.,  being  as  previously  assumed, 
the  oak  packing  would  have  to  be  3.92  ft. 
thick,  in  order  that  the  level  may  be  main- 
tained constant  when  the  hammer  is  not 
working.  Bearing  in  mind  that  all  work 
expended  after  the  period  of  greatest  com- 
pression is  attained,  is  lost,  the  necessity  of 
large  anvil  blocks,  where  maximum  effect  is 
required,  will  be  easily  seen. 

The  form  of  the  block  is,  to  some  extent, 
governed  by  local  considerations.  The  sim- 
plest plan  is,  no  doubt,  to  cast  it  in  one 
piece,  but  there  are  cases  where  it  is  not 
practicable  to  do  so ;  nor  is  there  any  ob- 
jection to  it  being  cast  in  layers,  provided 
that  the  joints  are  made  to  abut  firmly,  and 
secured  both  vertically  and  horizontally. 
In  any  case  it  is  advisable  to  place  large 
blocks  in  joggled  base  plates,  so  as  to  con- 
veniently admit  of  the  lateral  adjustment 
often  required  after  being  in  work.  By 
making  the  block  high  in  proportion  to  its 
horizontal  section,  slightly  increased  elastici- 
ty is  obtained  ;  but  the  danger  of  unstead- 
iness and  deviation  from  the  vertical,  through 
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unequal  yielding  of  the  base,  is  incurred. 
Increased  lateral  dimensions  may  be  ob- 
tained by  making  the  block  hollow,  but 
generally  the  space  is  so  limited  that  it  is 
necessary  to  adopt  the  solid  form  to  secure 
the  required  weight,  when  the  block  is  in- 
dependent ;  although  it  is  sometimes  made 
hollow,  and  frequently  so  in  some  forms  of 
the  blocks  to  which  the  standards  are  at- 
tached ;  but  a  case  of  a  block  on  this  prin- 
ciple breaking  through  the  centre,  having 
fallen  under  the  author's  notice,  confirms 
the  opinion  that  the  mass  to  receive  the 
impact  ought  to  be  concentrated  as  much 
as  possible  immediately  under  the  ham- 
mer. 

The  general  conclusions  to  which  the 
foregoing  reasoning  has  led,  may  be  briefly 
stated : 

1.  That  to  secure  a  perfect  foundation, 
the  level  at  which  it  commences  must  be 


perfectly  rigid  under  the  working  pressure  ; 
and,  if  not  naturally,  must  be  made  so. 

2.  That  (in  all  but  the  smallest  tilt  ham- 
mers) the  block  should  be  independent  of 
the  standards  and  cylinder. 

3.  That  the  weight  of  the  block  should 
be  regulated  by  the  work  to  be  done  on  it, 
and  the  necessary  area  of  base  given  and 
quantity  of  elastic  material  placed  under- 
neath it,  to  prevent  undue  pressure  on  the 
formation  level. 

4.  That  the  bed  plates  for  double  stand- 
ard hammers  should  be  well  held  together 
(when  not  formed  by  a  single  casting),  and 
all  the  work  of  the  best  description. 

But  these  conclusions,  and  what  has  led 
to  them,  are  submitted  more  for  criticism 
than  as  demonstrated  laws  ;  with  the  hope 
that  their  being  sifted  by  practical  men — 
such  as  compose  this  Association — may  elicit 
something  more  true,  if  not  absolute  truth. 
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By  Q.  A.  GILLMORE,  Major  op  Engineers,  Brevet  Major-General  U.  S.  Army. 
Written  for  Van  Nostrand's  Magazine. 


A  novel  device  for  utilizing  the  powers  of 
the  centrifugal  drainage  pump,  has  recently 
been  put  in  successful  operation  by  the  wri- 
ter, in  deepening  the  channel  over  the  bar  at 
the  mouth  of  the  St.  John's  River,  Florida. 
Upon  this  bar  the  ocean  swell  which  con- 
stantly prevails,  is  of  such  exceptional  mag- 
nitude and  violence,  that  the  usual  method 
of  dredging  into  lighters  or  scows,  ordinarily 
pursued  in  still  water,  is  entirely  impracti- 
cable. 

After  sundry  futile  attempts  to  get  the 
bar  channel  deepened  by  contract,  the  fol- 
lowing plan  was  recommended  by  the  su- 
perintending engineer  and  approved  by 
Gen.  Humphreys,  the  Chief  of  Engineers, 
viz. :  to  provide  a  suitable  steamer  by  char- 
ter and  fit  her  out  with  a  9-in.  centrifugal 
drainage  pump,  two  branches  of  6-in.  suc- 
tion pipe,  and  timber  bins  on  deck  for  hold- 
ing the  sand  pumped  up  from  the  bottom. 
The  pump  engine  to  be  driven  by  steam 
from  the  steamer's  boiler,  and  the  sand  to 
be  discharged  overboard,  at  selected  points, 
by  flooding  the  bins  with  clear  water  from 
the  pump. 

DESCRIPTION    OF   THE    DREDGING    STEAMER    AND 
APPARATUS. 

The  steamer,  originally  built  for  carrying 


passengers  and  light  freight,  is  132  ft.  long 
on  the  keel,  24J-  ft.  broad  on  the  beam,  and 
when  ballasted  to  an  even  keel  draws  about 
5 1  ft.  of  water.  She  was  modelled  with  a 
view  to  speed,  and  carries  only  100  tons  on 
a  draft  of  7  ft.,  is  strongly  built,  with  side 
wheels  and  short  guards,  has  one  low-pres- 
sure engine  of  120  horse  power,  and  ample  ^ 
boiler  capacity. 

Although  the  most  suitable  boat  for  the 
purpose  that  could  be  chartered  at  the  time, 
she  is  not  exactly  adapted  to  the  work  re- 
quired of  her,  on  account  of  her  compara- 
tively deep  draft  and  small  carrying  capac- 
ity, which  rendered  it  impossible  to  prose- 
cute work  continuously  during  the  periods 
of  low  water.  A  boat  with  more  beam,  and 
a  fuller  model  fore  and  aft  under  the  water 
fine,  would  have  been  better. 

The  pump,  a  No.  9  centrifugal  drainage 
pump  of  the  Andrews  patent,  is  located  on 
the  main  deck  aft,  about  35  ft.  from  the 
stern  post.  Its  suction  and  discharge  open- 
ings are  each  9  in.  in  diameter.  To  the 
suction  opening  there  are  connected  by  a  2- 
way  branch  pipe,  two  6-in.  suction  pipes, 
instead  of  one  9  in.  as  usual,  the  object  be- 
ing not  only  to  work  on  both  sides  of  the 
boat  simultaneously,  but  to  render  the  ne- 
cessary handling  of  the  pipes  as  easy  and 
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prompt  as  possible.  There  is,  on  the  other 
hand,  considerable  disadvantage  in  opera- 
ting with  two  suction  pipes  instead  of  one, 
on  account  of  the  greater  amount  of  friction 
for  an  equivalent  suction  capacity ;  for 
■while  a  9-in.  pipe  has  an  area  of  SI  circular 
inches,  two  6-in.  pipes  have  an  aggregate 
area  of  only  72  circular  inches.  The  fric- 
tional  surface  is  therefore  increased  as  27  to 
36,  making  the  disadvantage  from  or  loss 
by  friction  from  this  cause  as  2  to  3. 

As  a  partial  compensation  for  this  in- 
creased amount  of  friction,  an  increased  ve- 
locity is  given  to  the  water  in  suction  pipes 
of  less  aggregate  area  than  the  discharge 
pipe,  and  a  larger  proportion  of  sand  is 
thereby  carried  up. 

It  was  necessary  also  to  encounter  an- 
other disadvantage,  by  using  several  bends, 
of  which  there  were  two  in  each  of  the  suc- 
tion pipes,  and  one  in  the  discharge  pipe, 
those  in  the  suction  being  each  one-eighth 
of  a  circle,  and  that  in  the  discharge  pipe,  of 
one-fourth  a  circle.  These  bends  reduce 
the  delivery  at  the  rate  of  10  per  cent,  for 
each  turn  of  90  deg.,  and  about  6  per  cent. 
for  each  turn  of  45  deg.,  the  reductions  in 
each  case  being  calculated  upon  the  quantity 
passing  the  preceding  bend. 

Thus,  the  hrst  one-eighth  bend  in  the  suc- 
tion reduces  the  quantity  to  94  per  cent.,  the 
second  to  88  per  cent.,  and  the  one-fourth 
bend  in  the  discharge  to  79  per  cent.  The 
disadvantages,  therefore,  under  which  the 
apparatus  labored,  may  be  briefly  summed 
. .       up  as  follows  : 

1.  The  loss  by  friction,  due  to  the  use  of 
two  6  in.,  instead  of  one  9-in.  suction  pipe, 
is  increased  50  per  cent. 

2.  The  unestimated  loss  by  friction,  due  to 
the  use  of  suction  pipes  three  times  as  long 
as  the  height  to  which  the  material  is  to  be 
raised. 

3.  The  loss  of  21  per  cent,  by  bends  in 
the  suction  and  discharge  pipes. 

The  engine,  used  to  drive  the  pump  con- 
sists of  two  cylinders  connected  upon  one 
crank,  at  right  angles  to  one  another,  and  10 
in.  in  diameter  by  10  in.  stroke,  each.  Steam 
is  conveyed  from  the  steamer's  boiler  to  the 
pump  engine  through  a  3-in.  iron  pipe,  the 
usual  pressure  carried  upon  the  boiler  be- 
ing about  25  lbs.  to  the  sq.  in. 

This  pressure  develops  about  26  useful 
horse  power  (after  deducting  25  per  cent, 
for  friction  of  engines  and  difference  of 
pressure  in  the  cylinder  and  boiler),  and 
gives  a  speed  of  about  180  revolutions  per 


minute  to  the  engine  shaft.  On  this  shaft 
is  a  pulley  42  in.  in  diameter,  carrying  a 
rubber  belt  12  in.  wide,  communicating  the 
power  to  the  pump  shaft  through  a  pulley 
24  in.  in  diameter,  thus  giving  the  pump 
disc  and  wings  about  315  revolutions  per 
minute.  This  speed  in  the  No.  9  pump  i3 
equal  to  the  work  of  raising  3,000  galls,  of 
clear  water  per  minute,  30  ft.  high,  through 
a  9-in.  straight  vertical  pipe.  The  actual 
height  raised  above  the  water  on  the  St. 
John's  bar  varies  with  the  amount  of  sand 
taken  on  board,  from  10  to  11  ft.,  but  as  the 
pipes  are  50  ft.  long,  with  bends,  and  are  in 
two  branches  instead  of  one,  and  as  a  mix- 
ture of  sand  and  water  is  heavier  and  more 
impeded  by  friction  than  clear  water,  the 
loss  by  friction  from  all  these  causes  com- 
bined, reduces  the  useful  work  of  the  pump 
considerably  below  the  average  attainable 
under  more  favorable  conditions.  For  these 
reasons,  although  200  revolutions  of  the 
pump  disc  per  minute  will  easily  raise  3,000 
galls,  of  clear  water,  12  ft.  high,  through  a 
straight  vertical  9. -in  pipe,  300  revolutions 
are  required  to  raise  2,500  galls,  of  sand 
and  water  11  ft.  high  through  the  two  in- 
clined suction  pipes  having  two  turns  each, 
discharged  through  a  pipe  having  one  turn. 
To  prevent  the  ends  of  the  suction  pipes 
being  lifted  off  the  bottom  by  the  pitching 
of  the  boat,  and,  as  a  precaution  against  ac- 
cident, a  portion  of  each  pipe  is  made  flexi- 
ble, being  composed  of  6-in.  rubber  hose 
stretched  over  a  coil  of  wire.  In  addition, 
the  ends  are  loaded  with  an  iron  frame  or 
drag,  each  weighing  about  250  lbs.,  which 
is  intended  to  move  fiat  along  the  bottom 
during  the  operation  of  dredging.  To  the 
under-surface  of  this  frame,  directly  below 
the  mouth  of  the  pipe,  a  number  of  teeth  or 
knives  are  attached  to  stir  up  the  sand  and 
aid  its  entrance  into  the  pipes.  A  chain 
attached  to  each  drag  and  leading  to  the 
deck  of  the  steamer  on  either  side,  takes 
the  strain  from  the  pipe  when  the  drag  is 
down  and  the  steamer  in  motion. 

Tackles  are  arranged  for  lifting  the  pipes 
from  the  bottom  when  not  dredging,  or 
when  pumping  clear  water  to  discharge  the 
sand  from  the  bins. 

For  receiving  the  sand,  bins  are  located 
along  the  main  deck,  fore  and  aft,  on  each 
side  of  the  steamer's  engine,  each  bin  being 
provided  with  a  sliding  gate  over  the  steam- 
er's side,  which  can  be  opened  and  closed  at 
pleasure.  The  bottom  of  the  bins  slopes 
downwards  towards  the  gates.      They  are 
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filled  from  two  open  troughs,  one  from  each 
branch  of  the  discharge  pipe,  provided  at 
suitable  intervals  with  valves  or  gates,  so 
that  the  load  can  be  distributed  tto  the  bins 
wherever  desired. 

The  proportion  of  sand  that  can  be  pumped 
depends  greatly  upon  its  specific  gravity  and 
fineness.  The  calcareous  and  argillaceous 
sands  flow  more  freely  than   the   silicious, 


and  fine  sands  are  less  liable  to  choke  the 
the  pipe  than  those  that  are  coarse.  When 
working  at  high  speed,  50  to  55  per  cent,  of 
sand  can  easily  be  raised  through  a  straight 
vertical  pipe,  giving  for  every  10  cubic 
yards  of  material  discharged,  5  to  b\  cubic 
yards  of  compact  sand.  With  the  appli- 
ances used  on  the  St.  John  bar,  the  propor- 
tion of  sand  seldom  exceeded  45  per  cent, 


Tabular  Statement  of  work  done  during  a  period  of  Seven  Months. 


For  the  month  ending 

At  work  on  the  Bar. 

Quantity  of  Sand  removed. 

Cubic  yds.  re- 
moved per 
minute. 

Cost  per 
cubic  yard. 

No  of  Days. 

Time  in  hours. 

No.  of  loads. 

Cubic  yards. 

Nov.  30,  1871 

Dec.  31, 1871 

Jan.  31,  1872 
Feb.  29,  1872 
March  31, 1872.... 
April  30,  1872 
May  31,  1872 

19 

13 
18 
16 
20 
17 
25 

73£ 

49| 

6l'A 

*m 

103£ 
179H 

119 
96^ 
119 
155 
198.L 
196 
356^ 

3222 
2542 
3430 
4600 
5545 
5745 
11885 

0.734 
0.853 
0.928 
1.127 
1.059 
0.922 
1.105 

$0.8476 
1.2195 
0.8256 
0.5915 
0.5591 
0.3977 
0.2608 

Totals 

128 

623|5 

1240L 

36969 

generally  ranging  from  30  to  35  per  cent, 
when  working  under  the  most  favorable 
conditions. 

In  pumping  2,500  galls,  or  12.6  cubic  yards, 
of  sand  and  water  per  minute,  we  would  there- 
fore get  from  3.7  to  4.3  cubic  yards  of  sand. 
During  the  early  stages  of  the  work,  before 
the  teeth  under  the  drag  had  been  properly 
arranged  to  aid  the  flow  of  sand  into  the 
pipes,  the  yield  was  considerably  below  this 
average,  not  often  exceeding  and  frequently 
falling  below  2  cubic  yards  of  sand  per 
min.  during  the  time  actually  occupied  in 
pumping. 

Including  the  time  occupied  in  turning  the 
boat  and  emptying  the  bins,  the  least  average 
result  of  an  entire  month's  work  was  obtain- 
ed in  November,  1871,  during  which  period, 
.734  of  a  cubic  yard  per  min.  was  removed. 
During  the  month  of  February,  1872,  1.127 
cubic  yards  per  min.  were  removed. 

The  greatest  quantity  removed  on  any 
one  day  was  770  cubic  yards  from  6.57  a.  m., 
to  5.07  p.  m.,  or  at  the  rate  of  1.26  cubic 
yards  per  min. 

The  manner  of  conducting  the  dredging 
may  be  briefly  described  as  follows  : 

The  steamer,  with  the  suction  pipes  up, 
first  crosses  the  bar  to  the  outside,  then 
turns  around  and  steams  slowly  over  the 


bar  with  just  sufficient  speed  to  maintain 
steerage  way,  lowering  the  pipes  and  start- 
ing the  pump  as  soon  as  the  outer  edge  of 
the  bar  is  reached.  Arriving  at  the  inside, 
the  pump  is  stopped,  the  pipes  raised,  and 
the  steamer  turned  around  again.  She 
then  crosses  slowly  to  the  outside,  pumping 
as  before,  and  the  quantity  of  sand  dis- 
charged into  the  bins  during  these  two  pas- 
sages over  the  bar,  is  a  load,  whether  great 
or  small. 

While  the  steamer  is  turning  around  on 
the  outside,  preparatory  to  taking  in  anoth- 
er load,  the  side  gates  of  the  bins  are 
opened,  the  suction  pipes  are  raised  from 
the  bottom,  and  the  pump  is  run  at  full 
speed  on  clear  water. 

By  this  means,  assisted  to  some  extent 
when  necessary  by  men  in  the  bins  with 
hoes,  the  sand  is  all  discharged  into  deep 
water  by  the  time  the  steamer  has  again 
reached  the  outer  edge  of  the  bar,  when 
the  dredging  is  resumed. 

The  time  required  to  turn  the  steamer 
twice  is  12  to  13  min.,  of  which  6  to  6-^- 
min.,  or  the  time  occupied  in  making  the 
turn  on  the  inside,  is  lost,  as  neither  the 
work  of  dredging  the  sand  nor  discharging 
it  from  the  bins,  is  in  progress  during 
that  interval. 
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GEXEEAL    OBSEBVATIONS. 

1.  The  average  cost  of  dredging  and  dump- 
ing the  sand  for  the  whole  period  of  7 
months  was  53^  cents  per  cubic  yard ;  the 
least  cost  during  any  entire  week  was  19 
cents  per  cubic  yard  ;  and  the  least  cost  for 
any  one  day  was  on  May  14,  1872,  when 
770  cubic  yards  were  removed  in  101  hours 
at  a  cost  of  only  13  cents  per  cubic  yard, 
the  time  actually  occupied  in  pumping  being 
only  5^  hours. 

2.  The  amount,  exclusive  of  cost  of 
pump  and  outfit,  actually  expended  by  the 
United  States  during  the  7  months,  in  re- 
moving 36,969  cubic  yards  of  sand,  was 
$19,870,  and  the  number  of  hours  occupied 
at  the  bar  in  doing  the  work  was  622|. 
The  number  of  hours  lost,  including  Sun- 
days paid  for,  and  estimating  the  days  at 
10  hours  each,  was  1,347^. 

This  lost  time,  with  the  exception  of  16 
days  chargeable  to  the  boat,  and  deducted 
from  the  charter,  was  nearly  all  occasioned 
by  bad  weather  and  low  water  on  the  bar. 
There  were  a  few  stoppages  of  short  dura- 
tion to  repair  the  pumping  apparatus. 
Assuming  that  no  time  had  been  lost  from 
bad  weather  or  insufficient  depth  of  water, 
or,  in  other  words,  that  operations  had  been 
carried  on  in  still  water  with  a  boat  that 
could  work  during  all  stages  of  the  tide, 
the  dredging  and  dumping  would  have  cost 
less  than  17  cents  per  cubic  yard.  This  is 
an  average  estimate  covering  the  entire 
period  of  7  months,  during  a  large  portion 
of  which,  before  the  suction  had  been 
properly  adjusted,  the  proportion  of  sand 
raised  was  considerably  below  the  average, 
and  greatly  below  the  maximum  results. 

3.  It  may  be  remarked,  in  this  connection, 
that  there  would  be  some  difficulty  in  man- 
aging a  boat  of  very  light  draft,  in  such  a 
heavy  sea  and  strong  current,  as  usually 
prevail  upon  most  of  the  ocean  bars  on  our 
Atlantic  coast,  and  in  dredging  upon  very 
shallow  ocean  bars,  even  a  boat  built  ex- 
pressly for  and  well  adapted  to  the  work, 
might  of  necessity  draw  too  much  Avater  to 
work  continuously  through  low  tide,  during 
the  earlier  stages  of  the  operation. 

4.  During  the  first  five  months  (Novem- 
ber 1  to  April  1)  the  average  duration  of 
a  round  trip,  in  taking  in  and  discharging 
a  load,  was  29^  minutes,  of  which  only 
17-j-2^  minutes  was  occupied  in  raising  sand. 
During  the  last  month,  when  the  channel  was 
longer,  the  round  trip  occupied  30^-  minutes, 
18  minutes  being  occupied  in  raising  sand. 


The  average  duration  of  a  round  trip 
during  the  7  months  was  38-$-  minutes,  and 
the  average  time  per  trip  occupied  in  dredg- 
ing was  17T%.  The  pump  was,  therefore, 
actually  employed  in  raising  sand  only  58 
per  cent,  of  the  whole  time  spent  at  work 
upon  the  bar. 

5.  In  dredging  in  still  water  this  large  per- 
centage of  lost  time  would  be  saved,  as  the 
dredging  could  go  on  continuously  into  scows 
or  lighters  on  either  side  the  dredging  boat. 
There  are  localities  where  the  dumping 
scows  could  doubtless  be  dispensed  with, 
and  the  sand  conveyed  in  spouts,  or  forced 
through  pipes  directly  to  the  dumping 
ground.  Of  this  character,  as  a  class,  are 
narrow  streams  having  their  channels  near 
the  shore,  and  many  of  the  harbors  on 
our  Northern  lakes,  where  the  bars  occur 
in  a  narrow  water-way  between  parallel 
piers.  In  the  former  case  the  sand  could 
be  discharged  on  or  near  the  shore,  and 
in  the  latter  over  the  piers  on  either 
side. 

6.  With  a  centrifugal  drainage  pump,  sand 
can  be  easily  discharged  at  a  height  of  30 
ft.  above  the  level  of  the  water  ;  and  when 
the  distance  to  which  it  has  to  be  conveyed 
is  so  great  that  open  troughs  from  the  dis- 
charge pipe  to  the  dumping  ground,  cannot 
have  sufficient  inclination  to  secure  a  free 
flow  of  the  sand  and  water,  it  would  be 
necessary  to  make  the  discharge  through 
pipes,  increasing  the  power  expended  in 
proportion  to  their  length,  so  as  to  insure  a 
velocity  that  will  transport  the  sand  and 
prevent  choking.  The  pump  itself  should 
in  all  cases  be  placed  as  low  as  possible, 
and  it  would  generally  be  practicable  to 
locate  it  from  3  to  5  ft.  above  the  surface  of 
the  water. 

The  cost  of  dredging  under  those  circum- 
stances, with  a  9  in.  pump,  would  probably 
not  exceed  10  to  11  cents  per  cubic  yard, 
inclusive  of  running  expenses,  wear  and 
tear  of  machinery,  and  all  stoppages  for  re- 
pairs and  other  contingencies.  Indeed, 
assuming  the  pump  on  St.  John's  Bar  to 
have  worked  continuously  in  raising  sand, 
10  hours  per  day,  except  Sundays,  during 
the  month  of  May,  1872,  with  the  same 
average  results  per  hour  actually  attained 
while  pumping,  thus  charging  the  six  work- 
ing days  of  each  week  with  the  expense  of 
seven,  the  cost  of  raising  the  sand  into  the 
bins  wonld  have  been  only  8-j6^  cents  per 
cubic  yard,  and  if  it  could,  at  the  same 
time,  have  also  been  continuously  discharg- 
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ed  to  the  dumping  ground,  through  either 
open  troughs  or  pipes,  no  additional  ex- 
pense, except  a  trifle  for  increased  power, 
would  have  been  incurred.  There  were, 
moreover,  constant  losses  encountered  on  the 
bar  while  actually  pumping,  which  would 
not  occur  in  still  water,  and  of  which  no  ac- 
count has  been  taken,  due  to  the  pitching  of 


the  boat,  which  frequently  lifted  the  ends  of 
the  suction  pipes  from  the  bottom.  It  is, 
therefore,  considered  safe  to  estimate  the 
cost  of  ^'removing  sand  at  10  to  11  cents  per 
cubic  yard,  when  the  conditions  are  such 
that  the  work  of  raising  the  sand  and  dis- 
charging it  to  the  dumping  ground  can  be 
carried  on  simultaneously  and  continuously. 


ON  THE  THEORETICAL  MINIMUM  OF  FUEL  REQUIRED  TO 
PEODUCE  ONE  TON  OF  PIG-IRON. 


From  the  "  Journal  of  the  Iron  and  Steel  Institute.' 


Whether  the  actual  amount  of  heat  re- 
quired in  the  production  of  a  given  quantity 
of  pig-iron  has  been  stated  with  rigid  pre- 
cision in  the  present  work  or  not,  there  is 
no  doubt  whatever  that  there  is  absorbed  in 
the  process  a  certain  number  of  calories  or 
heat  units,  and  no  more. 
,  The  difficulty  of  defining  what  this  quan- 
tity really  is,  arises,  not  from  there  being 
any  variation  or  irregularity  in  the  smelting 
operation  itself  under  a  given  condition,  but 
from  the  next  to  impossibility  of  correctly 
ascertaining  the  value  of  the  factors  which 
constitute  the  elements  of  the  calculation. 

Notwithstanding  this  uncertainty,  I  am 
of  opinion  that  a  sufficiently  accurate  esti- 
mate of  the  measure  of  heat  required  has 
been  made  to  serve  all  practical  purposes. 
The  absorption  of  heat  in  the  blast  furnace, 
however,  is  not  one  of  a  simple  character, 
*".  e.  it  means  something  more  than  a  con- 
version of  a  known  number  of  calories  into 
their  equivalent  of  fuel,  by  even  the  most 
accurate  knowledge  of  the  calorific  power 
of  such  fuel,  and  its  power  to  do  a  certain 
quantity  of  work  implied  by  the  mere  ab- 
sorption of  heat.  As  we  have  seen,  the  full 
calorific  of  the  carbon  which  is  burnt  in  the 
blast  furnace  has  a  restriction  placed  upon 
it  by  the  chemical  conditions  attending  the 
reduction  of  an  oxide  of  iron. 

Under  these  circumstances,  it  becomes 
necessary  not  only  to  ascertain  how  much 
heat  is  required  for  smelting  iron,  but  we 


must  know  the  precise  extent  to  which  we 
can  look  to  our  fuel  for  supplying  that  heat, 
and  lying  within  this  second  branch  of  the 
inquiry,  because,  dependent  upon  it,  is  the 
subordinate  one  of  how  much  of  such  heat 
must  be  obtained  at  the  expense  of  burning 
fuel  in  the  furnace,  and  how  much  may  be 
derived  from  the  less  expensive  source  of 
having  it  communicated  to,  and  conveyed 
by,  the  blast. 

It  has  happened,  upon  more  occasions 
than  one,  in  recent  discussions  before  the 
Iron  and  Steel  Institute,  that  the  question 
has  been  raised  as  to  the  minimum  of  fuel 
necessary  for  the  production  of  a  ton  of  iron, 
and  what  is  the  maximum  useful  tempera- 
ture the  air  driven  into  the  furnace  can 
have. 

No  doubt  much  that  can  be  said  on  these 
important  questions  has  been  already  ex- 
plained in  these  pages,  but  as  the  subject  is 
one  to  which  members  of  the  Institute  still 
address  themselves,  in  their  discussions,  I 
have  deemed  it  advisable  to  dedicate  a  dis- 
tinct section  to  its  consideration. 

Before  any  attempt  is  made  to  ascertain 
how  the  necessary  heat  has  to  be  command- 
ed, we  must  agree  on  the  exact  quantity 
which  is  required,  and  to  do  this,  an  assum- 
ed condition  of  the  fuel,  of  the  atmosphere, 
and  of  the  ironstone  and  limestone,  must 
be  taken  as  the  basis  of  calculation. 

The  following  will  be  adopted  as  forming 
the  groundwork  of  the  estimate  : — 


Durham  coke,  100  parts,  considered  as  consisting  of  — 

Ash  and  sulphur  5  per  cent,  water  2.5  per  cent,  carbon  92.5  per  oent. 

One  ton  of  iron  will  require — 
Limestone  11  cwt.,  composed  of  6.16  Ca  O  4.84  C02. 
Ironstone  of  Cleveland,  calcined— 49  cwt.  composed  of  18.6  Fe,  9.00  O,  and  21.4  cwt.  of 

earths,  P.  S.,  etc. 

Slag  will  weii>h— ash  from  the  quantity  of  ooke  used 

Ca  O  from  limestone 

Earths  from  ironstone 21.4 

Less  bases,  etc.,  taken  up  by  pig  iron,  and  evaporated  in  fume 74 


cwt. 
1.10 
6.16 


20.66 


27.92 
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For  Class  L,  No.  1 
No.  2 


Applying  these  figures  to  the  coefficients  |  of  absorption  already  accepted,  we  have: — 

Unit*. 
=  312 
=  33,1(8 
=  1,440 
=  4,070 
=  4,224 
=  1,700 
=  3,500 
=  6,600 
=  15,356 


Cwt. 

Evaporation  of  HsO  in  coke 58 X       540 

Reduction  of  Fe203.. 18.60x   1,780 

No.  3.  Carbon  impregnation .60x  2,400 

No.  4.  Expulsion  of  C02  from  Ca  CO 3 11.      X      370 

No.  5.   Decomposition  of  C02  in  Ca  COa C  1.32X  3,200 

No.  6.   Decomposition  of  H20  in  blast H     .05x34,000 

No.  7.  P2  Ofl,  S03,  and  Si  02  reduce,  say 

No.  8.  Fusion  of  pig  iron 20 .      X      330 

No.  9.  Fusion  of  slag 27.92X      550 


Class  II.,  No.  10.  Transmission  through  walls 3,600 

"        No.  11.  Carried  off  by  tuyere  water 1,800 

"        No.  12.  Expansion  of  blast,  etc 3, 700 


70,310 


This  number,  79,410,  is  exclusive  of  the 
quantity  of  sensible  heat  carried  off  in  the 
escaping  gases,  which  varies,  of  course,  with 
their  temperature  and  weight;  hence  the 
absorption  due  from  this  cause  will  be  pro- 
vided for  in  the  subsequent  stages  of  the 
calculation. 

In  the  data  given  above,  the  air  is  taken 
as  somewhat  drier  than  formerly  (Section 
XXVIII.),  and  the  P,  S,  and  Si  in  the  iron 
as  the  smallest  quantity  usually  found  in 
Cleveland  pig  metal. 

It  may  be  observed  that  the  heat  absorbed 
in  the  various  steps  of  the  process  was  de- 


9,100 

79,410 

duced,  in  most  cases,  not  alone  from  the  di- 
rect experiment  of  different  authorities,  but 
the  amount  was  checked  by  the  heat  evolved 
by  the  carbon  in  its  ascertained  state  of  ox- 
idation, according  to  the  data  determined 
by  the  most  accurate  physicists.  It  will  be 
seen  the  difference  between  the  two  sides  of 
the  accounts  (vide  Section  XXVIII.)  varied 
from  1,560  to  3,743  units,  which,  in  93,455, 
shows  a  discrepancy  of  only  from  1.6  to  4 
per  cent.  In  the  same  section,  a  table, 
designated  one  of  "  constant  requirements" 
was  given,  in  which,  when  smelting  Cleve- 
land stone, 


28 .  92  cwts.  coke  were  used  per  ton  of  iron,  and  blast  at 485°  C . 

22.32  "  "  "  " 485Q  C. 

22.00  "  "  »  " 780o  C. 


Notwithstanding  the  different  characters 
of  these  factors,  the  extreme  variation  in  the 
heat  absorption  deduced  from  their  values 
was  within  1.9  per  cent. 

In  the  examinations  of  furnace  workings, 
which  have  preceded,  it  was  estimated  that 
the  weight  of  carbon  per  ton  of  iron  as  C02 
in  the  gases  could  not  exceed  6.58  cwt., 
this  quantity  representing  the  deoxidation 
and  carbon-impregnation  of  18.6  cwt.  of 
Fe,  which  was  taken  as  that  existing  in  one 
ton  of  pig-iron  obtained  from  Cleveland  stone. 

Admitting,  then,  6.58  cwt.  to  be  the  max- 
imum proportion  of  carbon  per  ton  of  iron, 


to  be  found  in  the  gases  as  C0o,  we  must 
seek  to  ascertain  to  what  extent  a  given  vol- 
ume of  CO  can  abstract  the  necessary  O 
from  an  oxide  of  iron  required  for  its  con- 
version into  C02.  The  further  we  can  carry 
this  absorption,  and  retain  the  heat  it  gen- 
erates, the  less  carbon  will  be  needed  in  the 
form  of  CO,  and  the  more  extensively  can 
we  substitute  heat  obtained  from  the  com- 
bustion of  coke,  by  that  injected  into  the 
furnace  along  with  the  blast. 

On  referring  to  the  greatest  quantity  of 
C02,  given  in  this  work,  as  observed  in  fur- 
nace gases,  we  find  the  following  figures  : — 


FURNACE. 


Exp.  123.  Clarence 
"  132.  Clarence 
"  142.  Ferryhill 
"    147.  Ferryhill 


Cubic 
feet. 


11,500 
25,500 
16,000 
33,000 


Vols.  CO.:  per  100  Vols.  CO. 


Maximum.  Minimum     Average 


50 
45 
46 
43 


32 
34 
36 
30 


44 
40 
40 
36 
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In  experiments  95  and  99,  it  was  found 
that  100  vols,  of  CO,  when  mixed  with  50 
of  C02,  still  possessed  the  power  of  reduc- 
ing Cleveland  stone,  but  it  was  so  feeble 
that,  in  the  former,  in  5|  hours,  only  .9  of 
the  original  oxygen  (42.8),  or  2.09  per  cent., 
was  removed ;  and  in  the  latter,  in  1 1  ^ 
hours,  4.3  (out  of  42.8),  or  10  per  cent.;  the 
recorded  temperature  being  417  deg.  C. 
(782  deg.  F.)  Such  a  temperature  as  417 
deg.  C.  is  higher  than  that  Avhich  ought 
properly  to  be  found  in  the  escaping  gases 
of  a  blast  furnace,  inasmuch  as  it  would  of 
itself  involve  a  loss  of  heat  which  may  be 
avoided.  In  the  four  trials  just  quoted  it 
will  be  seen,  however,  that  45  to  50  vols,  of 
C02  per  100  of  CO  have  been  observed  in 
furnace  gases,  indicating,  therefore,  the 
power  of  CO  to  pass  into  the  state  of  C02 
to  the  extent  of  one-third  its  own  volume, 
by  absorbing  O  from  Fe2  03.  I  possess 
no  record  of  the  actual  temperature  of  the 
gases  at  the  moment  the  samples  containing 
this  maximum  of  C02  were  taken ;  indeed, 
this  would  be  difficult,  if  not  impossible,  to 
ascertain,  owing  to  the  rapid  fluctuations  in 
the  composition  of  the  gases,  and  the  slow- 
ness in  the  indications  of  any  instrument 
which  can  be  used  for  ascertaining  the  tem- 
perature. Judging,  however,  from  a  vast 
number  of  other  experiments,  it  is  highly 
improbable  the  average  was  below  330  deg. 
C.  (626  deg.  F.) 

If  a  continuous  stream  of  materials,  me- 
chanically and  chemically  speaking,  the 
same,  were  flowing  into  a  blast  furnace,  it 
is  quite  possible  that  the  fluctuations,  in  re- 
spect to  temperature  and  composition  of  the 
gases,  would  be  removed.  Practically,  in 
furnaces,  as  they  are  at  present  constructed 
for  taking  off  the  gases,  such  a  plan  of 
charging  could  scarcely  be  pursued ;  nor 
am  I  prepared  to  admit  that,  were  the  uni- 
formity spoken  of  attained,  the  average 
in  these  respects  would  much  differ  from 
what  it  now  is,  but  my  present  object  is  to 
show  what  the  consumption  of  fuel  might 
be,  were  it  possible  to  maintain  the  gases 
at  the  maximum  of  oxygen  saturation,  and 
minimum  of  sensible  heat,  indicated  in  the 
instances  just  quoted. 

For  this  estimate,  100  vols,  of  CO  will  be 
taken  as  being  accompanied  with  50  vols, 
of  C02,  or  by  weight  100  of  CO  to  78.3  of 
C02.  In  using  ironstone  perfectly  dry,  and 
at  the  temperature  of  the  atmosphere,  it  will 
be  assumed  that  the  heat  of  the  escaping 
gases  is  as  low  as  275  deg.  C.  (527  deg.  F.) 


It  must,  however,  be  understood,  that  this 
assumption  of  a  maximum  saturation  of 
oxygen,  and  minimum  quantity  of  sensible 
heat  in  the  gases,  is  merely  made  use  of  as 
a  basis  of  calculation,  for  I  shall  hereafter 
show  that,  although  it  is  easy  to  maintain 
even  a  much  higher  proportion  of  C0o  than 
50  vols,  to  100  of  CO  in  the  gases,  and  it  is 
also  within  our  power  to  cool  them  to  275 
deg.  C,  it  is,  in  my  opinion,  quite  impossi- 
ble to  command  these  two  conditions  sim- 
ultaneously, and  I  shall  also  give  experi- 
mental evidence  to  prove  that  as  we  gain 
by  the  one,  we  lose  by  the  other,  and  vice 
versa.  It  must  also  be  borne  in  mind  that 
with  such  a  large  quantity  of  C0o  in  the 
gases  (50  vols,  to  100  CO),  it  required  a 
temperature  (Exps.  95  and  99)  of  417  deg. 
C.  (782  deg.  F.)  to  remove  the  small  propor- 
tion of  oxygen  just  mentioned.  At  275 
deg.,  the  temperature  to  be  assumed  in  our 
calculation,  it  must  be  considered  that  the 
gases  are  not  only  practically,  but  are  phys- 
ically, saturated  with  oxygen,  so  far  as 
they  can  be,  when  calcined  Cleveland  stone 
is  the  source  of  this  element. 

To  proceed  with  the  estimate,  6.58  cwt. 
of  carbon  which  pass  into  the  state  of  C02 
for  each  ton  of  iron  in  the  manner  supposed 
is  equal  to  24.13  C02,  and  therefore  afford- 
ing, by  oxidation,  52,640  units. 

The  actual  weight  of  the  gases  contain- 
ing 6.58  cwts.  of  O  as  C02,  and  consisting 
of  CO  and  C0o  in  the  proportion  of  100  to 
78.3  will  be—" 

CO.,  30.85   cwt.   containing 13. 22  cwt.   C. 

C02    24.13     "  do         6.58      "     '• 

54.98  containing  C       19.80      "     " 

Of  which  the  limestone  supplied. .     1.32      "     " 

Leaving  to  be  supplied  by  the  coke  18. 43      "     " 
Carboa  taken  up  by  the  iron 69      "     " 

Total  carbon  in  the  gases  de- 
rived from  coke 19. OS      "     " 

and  19.04  of  carbon  is  equal  to  20.62  cwt. 
of  coke  containing  92.5  per  cent,  of  this 
element. 

The  figures  just  given  will  enable  us  to 
proceed  to  compare  the  heat  evolution  with 
its  appropriation  upon  the  data  already  set 
forth,  as  well  as  to  determine  the  tempera- 
ture of  the  blast. 

The  total  oxygen  contained  in  the  above- 
named  quantities  of  CO  and  C0o  is  17.55 
in  the  one,  and  17.63  in  the  other,  or  a  total 
of  35.18  cwt.;  hence  it  would  appaar  that 
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the  oxygen  is  equally  divided  between  its  |  combination  of  CO  and  CO.,. 

35.18  cwt. 


From  the  total  oxygen  in  gases,  viz., 

Deduct  that  derived  from  the  Fef03,  P3Os,  !  9  qo 

Si02,  and  S03,  in  the  ore,  say  j 

Deduct  that  derived  from  the  limestone  3 .  52 

"  "        moisture  in  blast  .40 


Leaving  the  blast  to  supply 

Add  weight  of  nitrogen  accompanying  this  0. 
Moisture 

Weight  of  blast. 


12.92  " 

22.26  " 

74.52  " 

.45  " 

<j7  23  " 


Weight  of  gases— Blast 97.23 

0  from  ore,  limesione  and  HtO J2.92 

C  in  gases 19.80 

H.20  from  coke 50 

130.45     " 

The  total  number  of  calories  actually  required  will  be 

those  given  in  a  previous  page 79,410 

The  total    number  in  130.24  cwt.,  gases  at  a  temperature  of   275°C. 

130.24  cwt.  X  275°C.  X  .24SH. 8,610 


The  heat  evolved  will  be  as  follows  : 

CtoCO 13.22  cwt. 

Less  than  in  limestone 2 .  32     *' 


11.90 
C  to  CO, 6.58 


2,400 
8,000 


=      28.560 
=      52,640 


.88,020 


81.200 


18.48  

Left  to  be  supplied  by  the  blast 6,820 

6,S20  units 
^d    97.23  cwt.  X-^H   =  29T  C  (527°E.) 


The  calculation  works  out  to  a  lower  tem- 
perature in  the  blast  than  any  ironmaster 
knows  will  suffice  in  practice,  when  using 
so  small  a  quantity  of  coke  as  20.58  cwt. 
This  is  partly  owing  to  the  fact  that  the 
gases  are  taken  below  the  usual  tempera- 
ture at  which  they  leave  the  furnace,  and 
partly  due  to  the  circumstance  that  they  do 
not  generally  contain  quite  the  full  equiva- 
lent of  C02. 

These  two  corrections  would  bring  up  the 
temperature  required  in  the  air,  but  they 
do  not,  in  any  way,  affect  the  weight  of  coke 
consumed,  which,  I  much  doubt,  under  the 
conditions  assumed,  will  ever  be  reduced 
practically  below  20  \  cwt.  per  ton,  and,  to 
cover  those  irregularities  so  frequently  men- 
tioned upon  other  occasions,  it  is  rather  to 
be  expected  that  for  a  ton  of  No.  3  iron  it 
will  more  frequently  be  21,  or  perhaps  nearer 
21  i  cwt. 

By  the  erection  of  enormous  furnaces, 
and  the  adaptation  of  heating  apparatus  of 
immense  power,  hopes  have  been  expressed 
of  reducing  the  consumption  of  coke  to  18, 
or  indeed  to  17  cwt.  per  ten,  of  iron  obtain- 
ed from  Cleveland  stone.     Now,  the  effect 


of  this  would  be,  that  the  C02,  generated 
in  the  zone  of  reduction,  would  bear  the 
ratio  of  about  96  parts,  by  weight,  for  each 
100  of  CO.*  I  do  not  pretend  that  a  mix- 
ture consisting  even  of  equal  weights  of  CO 
and  CO  2  (100  vols.  CO  to  64  C02)  possesses 
no  reducing  power,  but  it  must  be  very 
faint,  and  will  require  a  higher  temperature 
than  that  usually  found  in  the  gases  leaving 
a  blast  furnace.  This  is  inferred  from  the 
experiments  referred  to  at  the  beginning  of 
this  section,  seeing  that  pure  CO  only  com- 
mences to  exhibit  marked  action  on  Cleve- 
land stone  at  210  deg.  C.  (410  deg.  F.)— 
Vide  Exp.  17. 

It  does  appear,  however,  that  there  is  a 
certain  amount  of  inconsistency  in  the  sim- 
ultaneous adoption  of  very  large  furnaces, 
and  very  high  temperature  of  blast.  The 
increase  of  dimensions  afforded  a  reasona- 
ble prospect  of  permitting  the  gases  to  part 
with  more  of  their  sensible  heat,  and  of 
becoming  more  thoroughly  saturated  with 
oxygen  before  leaving  the  throat,  than  hap- 
pens when  smaller  dimensions  are  adhered 

*  Vide  Table,  Section  XXXIL,  on  Composition  of  Gases,  using 
different  quantities  of  coke. 
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to ;  and  these  actions  are  necessarily  attend- 
ed with  a  saving  of  fuel.  When  this  aug- 
mentation in  size  is  practicable,  and  very 
large  capacity  is  efficacious  in  economizing 
coke,  it  is  unnecessary  to  raise  the  temper- 
ature of  the  blast,  inasmuch  as  the  quantity 
of  heat  evolved  from  such  a  state  of  oxida- 
tion of  carbon  as  I  have  supposed  in  the 
estimate,  viz.,  6.58  parts  to  C02  and  13.18 
to  CO,  is  equal  to  giving  a  ton  of  iron,  as 
we  have  just  seen,  with  a  blast  of  very 
moderate  temperature,  viz.,  297  deg.  C.  (527 
deg.  F.) 

It  may,  no  doubt,  be  argued  that  further 
action  by  a  gas  on  an  oxide  of  iron  still 
possessing  reducing  properties,  ceases,  be- 
cause it  is  cooled  below  that  point  where 
deoxidation  is  effected,  and  that,  in  conse- 
quence, it  is  reasonable  to  expect  that  rais- 
ing the  temperature  of  the  blast  would,  by 
a  general  elevation  of  the  heat  of  the  gas- 
eous and  solid  contents  of  the  furnace,  en- 
able reduction  to  be  effected  by  a  mixture 
of  CO  and  C02,  which,  at  lower  tempera- 
tures, is  inert. 

Of  course,  such  a  procedure  would  mean 
that  the  escaping  gases  were  leaving  the 
furnace  in  a  more  highly  heated  condition 
than  before,  and,  hence,  one  advantage  ac- 
cruing from  an  enlargement  of  size  would 
be  at  once  defeated.  This  is  a  state  of 
things,  however,  that  would  be  unproduc- 
tive of  any  real  gain,  i.  e.,  it  would  be 
useless  to  add  a  given  number  of  heat 
units  at  the  bottom  of  the  furnace  if  the 
same  number  escaped  at  the  top.  The 
additional  heat,  therefore,  to  have  any 
value,  must  have  additional  work  to  per- 
form by  adding  a  greater  load  of  ironstone 
to  the  coke. 

Inasmuch,  however,  as  very  much  larger 
proportions  of  C02  than  50  of  this  gas  to 
100  vols,  of  CO  have  been  shown  to  possess, 
under  certain  circumstances,  well  marked 


powers  of  deoxidizing  Cleveland  stone,  it 
may  be  well  to  consider  the  nature  of  those 
circumstances  with  a  view  to  see  how  far 
they  can  be  applied  to  the  blast  furnace, 
when  smelting  this  ore  with  coke. 

In  Exp.  81,  CO  was  entirely  converted 
into  C02  by  being  passed  slowly  over  a  large 
excess  of  calcined  Cleveland  stone,  at  a  tem- 
perature a  little  above  that  of  melting  zinc. 
The  Fe2  03,  however,  only  lost  5.25  per 
cent,  of  its  0. 

In  Exp.  82,  100  vols.  CO  and  600  vols. 
CO 2  at  a  low  red  heat  removed  5.8  per  cent 
of  the  0  from  Cleveland  calcined  ore. 

In  Exp.  84,  100  vols.  CO  and  220  vols. 
C02  at  a  heat  just  visibly  red  absorbed  11.7 
per  cent,  of  the  O  in  Cleveland  stone. 

In  Exp.  85,  equal  volumes  of  CO  and 
CO  2  formed  stable  compounds  with  various 
ores,  at  a  red  heat.  They  were  reduced  to 
Fe  O,  and  spongy  metallic  iron  exposed  to 
this  mixture  of  gases  at  the  same  time,  ab- 
sorbed oxygen  and  became  Fe  O. 

Now,  there  is  no  doubt  the  furnace  itself 
may  be  made  to  imitate  the  action  just  men- 
tioned, i.e.,  the  issuing  gases  may  contain  a 
very  much  larger  proportion  of  C02,  than 
that  expressed  by  the  ratio  of  50  vols,  to 
100  of  CO. 

Exp.  764.  Immediately  after  charging 
into  the  Wear  furnace  (17,500  cubic  ft.)  25 
cwt.  of  coke,  12  cwt.  of  limestone,  and  54 
cwt.  of  calcined  Cleveland  stone,  in  the 
order  in  which  they  are  mentioned,  the  gases 
were  found  to  consist  of 

C02  8.8  j  Co2  30  66  vols,  for  100  vols.  CO,  or 
CO  28.7  }    "    48. 0G  parts  by  weight  to  100  CO. 

H     1.1 

N  61.4 

100  vols. 

All  charging  was  now  discontinued,  and 
the  gases  were  sampled  at  intervals  of  20 
min.,  and  afforded  the   following  results  : — 


100  Co 

=      Co, 

CO* 

CO 

H 

N 

Vols. 

by  Vols. 

by  Weight 

Exp.  765. 

end  20". 

10  7 

29  2 

3.3 

56  8 

=    100 

"36 . 64 

*  57.38 

"    766. 

"   40". 

12.3 

25.2 

3.8 

58.7 

=    100 

48.81 

76.44 

"    767. 

"   60". 

22.2 

16.9 

2.1 

58.8 

=    100 

131.36 

205. S9 

To  verify  the  correctness  of  these  num- 
bers, Exps.  766  and  767  were  repeated. 

Now,  really  what  takes  place  under  such 
conditions  as  those  just  described,  I  take  it, 
is  this.  After  charging,  any  soft  coke  is 
immediately  attacked,  and  C  is  dissolved  at 
the  expense  of  C02.  At  the  Wear  Works, 
this  happens  in  a  more  striking  way,  per- 
haps, than  usual,  owing  to  the  coal  used 


there  giving  a  softer  coke.  This  action, 
however,  ceases  in  time,  and  the  COa  pro- 
duced by  deoxidation,  not  passing  through 
any  fuel,  owing  to  the  order  in  which  the 
materials  were  charged,  begins  to  increase 
as  is  seen  in  Exps.  764  and  765,  in  which 
the  ratio  has  risen  from  30.66  to  36.64  vols. 
This  continues,  and,  by  the  end  of  the  hour, 
it  has  become  131.36  vols.,  or  above  two 
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and  a-half  times  that  -which  was  adopted  as  '  ed  by  the  extraordinary  proportion  of  C02 

the  basis  of   the   calculation  to  obtain  the  :  is  lost,  for  being  generated  so  near  the  point 

theoretical  minimum  of  coke.  of  exit,  it  is  carried  away  in  the  escaping 

A  great  deal,  however,  of  the  heat  evolv-  !  gases,  as  may  be  seen  by  the  following : — 


Clarence. 

Temp. 

Ceased 

charging 
during 

Temp. 

Rise. 

Exp  768 

No.  4  furnaee  . . 
tc 

No.  5  furnace  . . 

it 

(t 

Average  rise . . . 

Cubic  ft. 
25.500 

(C 

l( 
It 

25,500 

°F 
579 
564 
593 
536 
608 
644 
586 
629 

b.    m. 
1  26 
1  20 
1  23 
1  40 
1  30 

1  20 

2  30 
1  42 

1  36 

816 
814 
797 
788 
844 
834 
887 
867 

op 
237 

"    769 

250 

"    770 

•'    771 

204 
202 

"    772 

236 

"    773 

190 

"    774 

301 

"    775 

238 

232  =  129*0. 

Now   the    ordinary   composition  of  the  i  upon  the  burden  mentioned  above,  was,  by 
gases  of  the  Wear  furnace,  when  working  |  weight, 

(V.  Exp.  536)  C02  14.91  =528  partg  by  ^eight  oiC02,  to  100  CX 
N    56.9 


100 


And,  in  round  numbers,  the  calories  evolved 
by  burning  the  fuel  used  per  ton  of  iron, 
viz.,  23.5  cwt.  (v.  Exp.  536)  would,  when 
the  gases  were  emitted,  containing  C02  to 
CO  as  205  to  100,  be  above  30,000  more 
than  when  the  oxides  of  carbon  were  as 
52.8  to  100. 

Practically,  however,  any  heat  thus  evolv- 
ed and  afterwards  absorbed  is  in  part  en- 
tirely wasted,  because  the  moment  charging 
is  resumed  the  accumulation  enables  the 
highly-heated  C02  to  act  more  vigorously 
on  the  freshly  added  coke,  and  that  coke 
acts  quickly  in  this  way  may  be  inferred 
from  the  following  line  of  argument. 

In  Exp.  751,  data  were  given,  which 
showed,  bulk  for  bulk,  ironstone  possessed 
twice  the  power  of  coke  in  intercepting 
heat  when  a  current  of  hot  air  was  blown 
through  it,  there  being  under  the  circum- 
stances of  the  trial  no  chemical  action. 
Now,  as  ironstone  is  about  double  the 
weight  of  coke,  it  follows  that,  weight  for 
weight,  their  heat-intercepting  powers  are 
about  equal.  It  may,  therefore,  be  expect- 
ed that  apart  from  chemical  action,  if  24 
cwt.  of  coke  were  introduced  into  a  furnace 
it  would  affect  the  temperature  of  the  gases 
by  simple  refrigeration  to  the  extent  of  some- 
thing like  one-half  the  extent  of  that  of  50 
cwt.  of  ironstone,  including  its  flux. 


Exp.  776.  Twenty-five  observations  were 
made  on  the  temperature  of  the  gases  five 
minutes  after  charging  24  cwt.  of  coke. 
The  fall  varied  considerably,  but  the  aver- 
age was  38  deg.  F.  (21  deg.  C.) 

Exp.  777.  A  similar  number  of  trials 
was  made  after  charging  50  cwt.  of  mine, 
etc.  Here,  too,  the  variation  was  great,  but 
the  average  cooling  amounted  to  only  23 
deg.  F.  (13  deg.  C),  also  observed  five  min- 
utes after  charging. 

Now,  under  no  circumstances  can  the  in- 
troduction of  coke  into  the  reducing  zone 
be  accompanied  by  an  evolution  of  heat. 
Undoubtedly,  it  is  otherwise  to  some  extent, 
but  not  a  large  one  with  ironstone ;  but 
however  this  may  be,  five  minutes  would 
not  suffice  to  bring  it  up  to  the  necessary 
temperature  to  induce  strong  chemical  ac- 
tion ;  so  that,  in  the  twenty-five  experiments 
just  described,  we  may  regard  it  as  occupy- 
ing the  same  neutral  position  it  did  when 
hot  air  was  blown  through  it.  Admitting 
this,  as  regards  the  ironstone,  there  seems 
no  alternative  but  to  ascribe  the  increased 
rate  of  cooling  exercised  by  the  coke  in  the 
blast  furnace  to  chemical  action,  i.e.,  the 
high  temperature  of  the  gases  expends  it- 
self by  causing  C02  to  act  on  the  carbon. 

I  proceeded  to  examine  the  correctness  of 
this  supposition  by  the  following  series  of 
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experiments.     The  fall  of  temperature  was 
ascertained  to  be  as  follows,  after  the  dinner 

time,  during  which,  charging  had  been  dis- 
continued : — 

Temp,  after 
dinner. 

After  charging  three  rounds, 

weighing  403  cwts.  of  coke, 

mine,  and  flux. 

Time  occupied. 

Fall. 

Exp  778     ........ 

"    779 

816°F. 

816 

797 

788 

834 

834 

887 

867 

572°F. 

552 

636 

552 

£93 

h.  m. 
1  10 
1  30 

0  50 

1  0 
1    0 
1  40 

0  50 

1  0 

Average  fall. . . 

244&F. 
264 

"    780 

161 

"    781.... 

236 

"    782  

241 

"    783  

"    784.... 

"    785 

629 
617 
624 

205 
270 
243 

233  =  129°C. 

So  that  the  gases  have  fallen  in  tempera- 
ture, after  408  cwt.  were  introduced  to  fill 
the  furnace  again,  almost  exactly  what  they 
had  risen  while  charging:  was  discontinued. 


The  next  step  was  to  ascertain  the  nature 
of  the  change  which  had  taken  place  in  the 
composition  of  the  gases,  and  this  is  set 
forth  in  the  following  analyses  : — 


Exp.  786. 


788. 
789. 
790. 


C02. 

CO. 

H. 

N. 

Vols 

28.7. 

1.1 

61.4 

=    100 

Before  starting  to  charge  after  an 

16.9 
28  6 

2.1 
3.2 

58.8 
57.3 

=    100 

=    100 

"    third     " 8  3 

30  4 

2.2 

59  1 

=    100 

"    fourth  '•    11.3 

23.8 

4  0 

60.9 

=    100 

In  order  to  prove  how  immediately  the  the  coke,  the  following  experiments  were 
high  temperature,  acquired  during  the  performed  at  the  Wear  furnace  (17,500 
dinner    hour,  causes    the    C02    to   act  on  .  cubic  ft.) : 


Exp.  791. 

"  792. 

"  793. 

"  794. 

"  795. 

"  796. 

"  797. 

"  798. 

"  799. 

"  800. 


Hour. 
11.40 
12  5 

12.30 
12  55 
1.10 
1  12 
1.28 
2.10 
2.55 
3.40 
4.5 


Charged. 


Charged  1  round  coke,  iron- 
stone, <ic,  furnace  full.... 


not  ascertained, 
do. 


CO  2  CO.  II.  K 

11.6  28.1  1.8  58.5 

10  7 

11  7 

19.1  18.3  0.2  62  4 

Charged  52  cwt.  coke. 

No  further  charging 13  1  22.7  2.7  615 

do.                                11  1  25  2  3.1  62.4 

do.                                12.7  23.5  2  0  61.8 

do.                                22.7  17.8  ..  59  5 

do.                                15  8  16.4  15  66  3 

do.                                11.8  26.7  1.2  60.3 


Vols.  COi 
per  100 
Vols.      CO. 
100  41 


100        105 


100 
100 
100 
100 
100 
100 


58 
44 
54 
128 
96 
44 


In  the  above  experiments,  the  furnace, 
on  being  filled  up  with  the  ordinary  round, 
viz.,  coke  26  cwt.,  mine  54  cwt.,  limestone 
12  cwt.,  the  gases  exhibit  their  ordinary 
composition.  Nothing  was  filled  during  1 
hour  and  5  min.,  by  which  time  the  C02 
had  risen  from  41  vols,  to  105  vols,  per  100 
CO.  Two  rounds,  weighing  52  cwt.  coke 
(Exp.  795),  were  then  let  at  once  into  the 
furnace,  and  immediately  after  the  C02  fell 
to  58  vols.,  and  in  18  min.,  to  44  vols,  per 
100  of  CO.  The  C02  now  began  to  rise 
again,  and  reached,  in"  Exp.  798,  128  vols, 
per  100  of  CO.  No  more  ironstone  being 
introduced,  the  C02  now  began  to  fall  oif 
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in  quantitv,  and  in  3  hours  55  min.,  had 
fallen  to  44  vols,  per  100  of  CO. 

To  ascertain  what  the  temperature  really 
was,  which  sufficed  for  this  speedy  action  of 
coke  on  C0o,  the  following  trials  were  insti- 
tuted, also  at  Wear  furnace. 

After  Exp.  802,  when  the  coke  was  intro- 
duced the  temperature  of  the  gases  would 
probably  be  850  deg.  E.,  and  the  C02  to 
CO  most  likely  as  50  to  100  vols.  In  three 
minutes  after  the  coke  entered  the  furnace, 
the  temperature  of  the  gases  fell  to  625  deg. 
F.,  and  they  immediately  afterwards  con- 
tained C0o  and  CO  in  the  ratio  of  probably 
30  vols,  to"  100. 
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Exp.  801. 

"     8u2. 

H<ur. 
12         

CO. 

12  5 
12  0 

10.7 

8.4 

.     16.7 

CO          H           N         Vols. 

26.4        3.S        57.3    =    100 
not  ascertained. 

30*6        i'.k        574    =    100 
not  ascertained.            probably 
21.0        1.5        60.8    =    100 

CO.,  per 
100  vols. 

CO. 

47  3 

34.9 

30. 
79.5 

Temp. 

12.13 

800F 

"    803. 
"    804. 
"    805. 

12.20  let  in  26  cwt 
1°  93 

12.30   

12.45     . 

.  cuke. . 

625  F 

"    806. 

1.35  

1025F 

In  this  way,  it  will  be  perceived  that  there 
is  a  constant  struggle  between  the  formation 
of  CO„,  accompanied  by  high  temperature 
and  the  reduction  of  the  C0*2"  thus  genera- 
ted, back  again  to  CO,  and  which  latter 
change  is,  of  course,  effected  at  the  expense 
of  heat.  Between  these  two  extremes  there 
is  a  middle  course  in  which  time  is  an  im- 
portant element,  for  the  quantity  of  C02 
formed,  and  its  attendant  heat,  will  depend 
upon  the  relative  rapidity  with  which  CO 
can  absorb  O  from  the  Fe0  03  under  treat- 
ment, and  that  at  which  the  resulting  C02 
takes  up  a  fresh  equivalent  of  C.  In  the 
case  of  Cleveland  stone  the  mean  of  the  two 
conflicts,  in  my  opinion,  is  generally  reached 
even  before  the  C02  exists  in  the  propor- 
tions which  coustitute  the  basis  of  the  cal- 
culation just  given,  viz.,  50  vols,  of  this  gas 
to  100  vols,  of  CO,  and  when  the  tempera- 
lure  of  the  escaping  gases  consequent  upon 
this  proportion  of  C02  is  about  330  deg.  C. 
(626  deg.  P.)  I  will  hereafter  give  a  re- 
markable instance  of  a  very  different  rate 
of  fuel  consumption  from  that  obtainable 
when  the  ironstone  of  Cleveland  is  the  ore 
used  in  the  blast  furnace,  and  an  attempt 
will  be  made  to  explain  the  cause  of  this 
modification  in  the  progress  of  the  action. 

If,  then,  accompanying  a  given  quantity 
of  heat  required  for  the  production  of  a  ton 
of  pig  iron,  a  certain  quantity  of  CO  must 
be  present,  it  follows  as  a  matter  of  course 
that  any  heat  contributed  by  that  contained 
in  the  blast  will  be  useless,  which  when  it 
is  added  to  that  generated  by  the  formation 
of  the  CO  rendered  necessary  by  the  nature 
of  the  process,  the  sum  of  the  two  exceeds 
that  shown  to  be  required.  I  have  endeav- 
ored to  prove  what  becomes  of  this  surplus 
of  heat,  viz.,  that  it  passes  off  in  the  escap- 
ing gases,  or  it  is  expended  in  the  C02, 
formed  in  the  upper  zone  of  the  furnace, 
absorbing  C. 

The  second  branch  of  the  inquiry,  viz., 
the  maximum  temperature  the  blast  ought 
to  have  to  permit  its  profitable  application, 
is  dependent  entirely  on  the  extent  to  which 
the  permanent  state  of  oxidation  of  CO  to 
CO„  is  maintained.     If  it  can  be  carried  to 


such  a  point  that  the  whole  of  the  CO*  due 
to  deoxidation  and  carbon  impregnation  es- 
capes as  such,  and  that  100  vols,  of  CO  can 
restrain  the  oxidizing  influence  of  50  vols. 
C03,  then  I  have  shown  with  the  escaping 
gases  at  a  temperature  of  275  deg.  C.  the 
air  only  requires  to  be  heated  to  297  deg.  C. 
(527  deg.  F.)  to  supply  the  deficiency  of 
heat. 

To  effect  this,  however,  the  whole  of  the 
conditions  must  be  favorable  in  the  highest 
degree.  The  coke  must  be  of  that  quality 
as  to  resist  the  power  of  heated  C02  to  dis- 
solve it,  and  the  gases  must  be  prevented 
acquiring  a  temperature  beyond  275  deg. 
C.  All  this  is  attended  with  much  difficul- 
ty, so  much,  indeed,  that  it  far  oftener  hap- 
pens that  the  total  C  escaping  is  not  much 
above  6.0  cwt.  as  C02,  and  the  C02  to  CO  is 
as  40  or  45  vols,  to  100,  or  as  62.7  to  100 
by  weight,  with  a  temperature  of  330  deg. 
C. 

Now  the  difference  between  such  a  state 
of  working,  and  that  which  has  been  hypo- 
thetically  assumed  as  the  basis  of  the  cal- 
culation which  brought  out  20.62  cwt.,  burnt 
with  the  blast  at  297  deg.  C,  as  being  the 
quantity  of  coke  required  to  produce  one 
ton  of  iron,  will  be  somewhat  as  follows. 
There  will  be  a  loss  of  .58  cwt.  of  carbon 
burnt  to  CO  instead  of  C02  equal  to  (-58X 
5,600)  3,248  calories,  and  the  gases  escaping 
at  330  deg.  C,  instead  of  275  deg.,  will  re- 
present about  1,700  units,  making  together, 
say  4,900  to  5,000  units.  If  the  coke  re- 
mained as  it  was,  viz.,  20.62  cwt.,  there 
would  be  nearly  5,000  units  to  be  conveyed 
by  97.23  cwt.  of  blast,  which  represents  an 
increase  of  temperature  of  about  190  deg. 
O,  making  the  total  502  deg.  C.  (935  deg. 
F.)  In  practice,  however,  the  diminution 
of  C02  in  the  gases  affects  the  quantity  of 
carbon  to  be  burnt  at  the  tuyeres,  where,  at 
all  events,  the  heat  evolved  is  more  readily 
rendered  available  by  interception;  hence 
the  actual  loss  arising  from  the  causes  now 
under  consideration,  is  more  generally  to  be 
met  partly  by  a  little  more  coke  as  well  as 
by  an  increase  in  the  temperature  of  the 
blast. 
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The  manner  in  which  defects  of  so  vary- 
ing a  character  have  to  be  provided  for, 
scarcely  admits  of  very  precise  estimation. 
It  must,  in  consequence,  rather  be  the  re- 
sult of  general  experience  than  that  of  any 
formula  of  figures.  Regarded  in  this  way, 
I  would  give  it  as  my  own  opinion  that  tak- 
ing the  ordinary  run  of  Durham  coke  and 
Cleveland  ironstone,  the  ironmaster  who 
produces  a  ton  of  No.  8  iron  with  21  i  cwt., 
with  the  blast  heated  to  500  deg.  C.  (932 
deg.  F.)  may  consider  himself  as  working 
very  closely  up  to  those  limits  of  economy 
which  are  prescribed  by  the  nature  of  the 
materials  he  is  operating  upon. 

Independently  of  any  increase  of  tem- 
perature in  the  upper  portion  of  the  furnace, 
the  use  of  the  hot  blast  introduces  a  change 
in  the  relation  between  the  solid  and  gas- 
eous contents,  which  will  have  the  effect  of 
accelerating  the  tendency  towards  an  equal- 
ization of  temperature  of  the  two.  By  this 
action  the  ore  is  more  speedily  heated,  and 
the  gases,  in  consequence,  are  more  quickly 
saturated  with  oxygen  gas.  This  arises 
from  the  longer  retention  in  the  furnace  of 
the  carbonic  oxide  evolved  by  the  combus- 
tion of  a  given  weight  of  coke,  and  this 
happens  in  the  following  way  : — 

Let  us  imagine  that  a  furnace  of  6,000 
cubic  ft.  has  conveyed  into  it,  by  means  of 
the  hot  blast,  14,400  cwt.  heat  units  per  ton 
of  iron,  over  and  above  the  number  it  would 
receive  were  the  air  driven  into  it  at  the 
temperature  of  the  atmosphere.  This  is 
equal  to  the  heat  from  6  cwt.  of  carbon 
burnt  to  CO,  which  C  can  therefore  at  once 
be  withdrawn  from  the  fuel  introduced  with 
the  charges. 

This  quantitv  of  carbon  represents  in  re- 
sulting gases  (C,  6;  O,  8 ;  N,  26.8)  38.8 
cwt. 

This  is  equivalent  to  a  reduction  of  nearly 
10  per  cent,  in  the  volume  of  the  gases  flow- 
ing up  through  the  contents  of  a  furnace 
using  originally  60  cwt.  of  coke  per  ton  of 
iron.  During  the  time,  therefore,  each  cwt. 
of  carbon  is  engaged  in  fusing  the  iron  and 
slag  in  the  hearth,  while  in  the  act  of  being 
converted  into  carbonic  oxide,  the  CO  thus 
formed  is  retained,  by  the  diminution  in  its 
volume,  one-tenth  longer  period  in  the  fur- 
nace, and  by  so  much  its  contact  with  the 
materials  it  has  to  heat  and  to  reduce  is  pro- 
longed. This  effects  a  further  saving  of 
fuel,  and,  in  consequence,  a  further  reduc- 
tion in  the  volume  of  gas  is  accompanied 
again  by  an  addition  to  the  time  of  reten- 


tion of  this  gas  in  the  furnace.  This  is 
continued  until  the  fuel  is  diminished  in 
quantity,  as  far  as  a  furnace  of  the  suppos- 
ed dimensions  is  capable  of  producing  a  ton 
of  iron,  which  is  not  reached  until  the  gases 
in  bulk  are  a  mere  trifle  above  one-half 
what  they  were  when  the  blast  consisted  of 
cold  air,  instead  of  with  the  supposed  addi- 
tion of  the  14,400  units  in  question. 

It  is  clear,  under  such  circumstances,  the 
reducing  gases  will  be  twice  as  long  in  con- 
tact with  the  ore  they  have  to  reduce,  and 
with  the  materials  they  have  to  heat,  as 
when  cold  blast  is  employed. 

That  it  is  time  alone  which  effects  the 
change,  and  no  mysterious  virtue  in  the 
heat  of  the  blast,  is  proved,  I  submit,  be- 
yond all  doubt,  by  the  fact  that  precisely 
the  same  results,  in  point  of  fuel  consumed, 
are  obtained  by  a  suitable  enlargement  in 
the  dimensions  of  the  furnace,  by  which 
prolonged  contact  between  the  gases  and 
solids  is,  in  like  manner,  secured. 

Before  concluding  this  section  on  the 
economy  of  fuel,  I  would  briefly  notice  a 
plan  recommended  by  Mr.  C.  Schinz,  in  his 
work  on  the  blast  furnace,*  and  which  he 
has  patented  under  the  title  of  "A  process 
for  partly  eliminating  the  nitrogen  in  the 
products  of  combustion." 

Half  the  schemes  intended  to  improve 
the  smelting  of  iron  are  propounded  by 
persons  who  neither  by  practice  nor  study 
have  endeavored  to  make  themselves  ac- 
quainted with  the  principles  upon  which  it 
is  dependent.  To  this  class,  Mr.  C.  Schinz 
is  a  striking  exception,  for  he  has  taken  in- 
finite pains  to  convince  himself  of  the 
soundness  of  his  project,  and  yet  I  ente:- 
tain  little  hope  of  its  sharing  a  different  fate 
from  many  of  its  less  studied  predecessors. 

The  plan,  in  reality,  consists  of  forcing 
carbonic  oxide,  obtained  in  one  or  two  dif- 
ferent ways,  into  the  blast  furnace ;  but, 
apparently,  the  one,  preferred  by  the  invent- 
or, consists  in  heating  refuse  coke  and  car- 
bonate of  lime  in  retorts  similar  to  those 
employed  in  a  gas  manufactory. 

I  am  at  a  loss  to  know  from  what  quarter 
refuse  coke  has  to  be  obtained,  in  sufficient 
quantity,  to  constitute  an  important  saving 
in  the  fuel  consumed  in  iron  smelting  ;  but. 
omitting  this  difficulty,  I  cannot  see  how  an 
elimination  of  nitrogen,  partial  or  entire, 
can  produce  any  notable  economy  in  the 
quantity  of  fuel  required  for  the   process. 


*  "Dokumente  betreffend  den  Hohofeu.' 
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The  production  of  CO,  containing  the  neces- 
sary quantity  of  carbon,  -would  require  an 
enormous  establishment,  and  a  great  ex- 
penditure in  labor  and  in  heat,  exceeding 
the  value  of  its  equivalent  weight  in  coke, 
and,  after  all,  we  obtain  a  fuel,  CO,  which 
the  nature  of  the  process  would  not  permit 


us  to  oxidize  at  the  tuyeres.  Independently 
of  all  this,  calculation  would  show  that  the 
absorption  of  heat  in  decomposing  carbon- 
ate of  lime  and  resolving  its  CO.,  into  CO, 
is  so  great  as  to  present  an  insuperable  bar- 
rier to  our  being  able,  profitably,  to  avail 
ourselves  of   Mr.  C.  Schinz's  proposal. 


THE  INFLUENCE  OF  LINES  OF  METAL  IN  BUILDINGS  IN  DETER- 
MINING THE  DIRECTION  OF  DISCHARGES  OF  LIGHTNING. 


By  EDWARD  E.  QUIMBY. 
Written  for  Van  Nostrand's  Magazine. 


Mr.  Henry  "Wilde's  views  upon  this  sub- 
ject, exhibited  in  his  paper  read  before  the 
Manchester  (Eng.)  Literary  and  Philosoph- 
ical Society,  are  of  course  correct;  but  they 
are  not  entirely  new  in  this  country,  similar 
opinions  and  conclusions  having  been  pub- 
licly expressed  by  the  late  A.  M.  Quimby 
in  the  course  of  a  series  of  popular  lec- 
tures upon  "electricity  and  the  laws  of 
thunder-storms,"  delivered  as  long  ago  as 
1884. 

The  lightning-rod  business,  so-called,  in 
the  United  States,  is  pursued  by  a  large  class 
of  itinerants,  who  not  only  evince  gross 
ignorance  of  electrical  science,  but  frequent- 
ly practise  the  most  unprincipled  rascality. 
A  few  practitioners,  who  have  studied  the 
subject  philosophically,  pursue  the  business 
as  a  profession,  not  selling  lightning-rods 
as  an  article  of  merchandise,  but  adminis- 
tering them,  or,  in  other  words,  prescribing 
their  arrangement  and  personally  supervis- 
ing their  application  to  buildings  precisely 
as  regular  physicians  prescribe  for  their  pa- 
tients. 

Among  the  latter  class,  the  practice  of 
connecting  the  lightning-rod  with  lines  of 
metal  within  the  building,  such  as  line  shaft- 
ing in  mills,  or  gas,  water  or  steam  pipes, 
has  been  carefully  observed  for  nearly  forty 
years. 

In  connecting  with  a  lead  pipe,  care  is 
taken  to  secure  a  considerable  area  of  sur- 
face contact,  to  prevent  the  pipe  from  being 
melted  by  lightning  at  the  point  of  junction 
with  the  rod.  This  precaution  must  be  es- 
pecially important  in  England,  where  lead 
pipes  are  sometimes  used  for  the  gas  ser- 
vice. 

The  solution  of  the  practical  problem,  how 
to  protect  a  given  building  from  lightning, 
is  governed  by  the  consideration  of  that  in- 


variable law  of  electricity,  which  determines 
the  selection  by  a  discharge  of  lightning  of 
the  path  of  least  resistance. 

Damage  ensues  within  a  building  where 
lightning  passes  from  one  good  conducting 
substance  to  another  through  an  intervening 
imperfect  conductor.  If  the  detached  mass- 
es of  conducting  matter  are  linked  togeth- 
er by  the  introduction  of  conducting  sub- 
stances between  them,  the  missing  links,  as 
it  were,  in  the  chain  are  supplied,  and  a 
path  is  established  upon  which  a  discharge 
of  lightning  can  pass  without  causing  dam- 
age. If,  instead  of  seeking  out  the  various 
metallic  substances  in  a  building  and  con- 
necting them  together,  a  parallel  line  of 
conducting  matter,  of  sufficient  capacity,  is 
established,  the  same  result  is  accomplished. 
But  the  building  occupies  a  very  short  sec- 
tion of  the  track  of  a  discharge  of  lightning, 
while  the  gas  and  water  pipes  within  .it 
communicate  with  systems  of  underground 
mains  of  perhaps  miles  in  extent.  The 
perfect  connection  of  the  lightning-rod 
with  such  pipes,  therefore,  is  an  indis- 
pensable requisite  to  the  establishment  of 
a  complete  path  for  the  discharge  of  light- 
ning. 

A  writer  in  the  current  number  of  the 
"  Franklin  Institute  Journal,"  makes  some 
pertinent  and  timely  remarks  upon  defective 
lightning  rods,  which  are  especially  note- 
worthy as  emanating  from  a  city  which  is 
one  of  the  centres  of  the  "  patent  lightning- 
rod"  trade. 

The  article  in  question  noticeably  omits 
any  allusion  to  the  practical  researches  and 
experience  of  the  late  Messrs.  King  of  Bos- 
ton, and  Quimby  of  New  York,  and  yet 
forcibly  presents  views  upon  the  subject  of 
protection  from  lightning  which  Bang  and 
Quimby  propounded  forty  years  ago,   and 
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which   have  since  been  acted  upon  in  this 
country  with  complete  success. 

The  writer,  however,  also  expresses  some 
extreme  opinions,  which,  while  erroneous, 
derive  importance  from  their  association 
with  so  much  that  is  sound  and  valuable. 

The  proposition,  that  because  where  there 
are  gas  or  water  pipes,  they  must  be  con- 
nected with  the  lightning-rod,  therefore, 
where  there  are  no  such  pipes  or  their 
equivalent,  the  lightning-rod  is  useless,  is 
untenable. 

Uncontradicted,  such  a  statement  will 
produce  in  the  minds  of  average  readers  a 
general  distrust  in  the  efficacy  of  what  ex- 
perience has  demonstrated  may  be  made  a 
perfect  safeguard  under  all  circumstances. 

To  secure  absolute  protection  from  light- 
ning, the  rod  must  be  so  arranged  as  to  pre- 
sent, either  in  itself  or  in  conjunction  with 
masses  of  metal  about  the  building,  contin- 
uous lines  of  conducting  matter,  which,  rel- 
atively to  the  building  and  its  contents,  con- 
stitute the  paths  of  least  resistance  in  any 
and  all  directions,  and  in  all  the  various  cir- 
cumstances and  conditions  under  which  the 
building  may  be  exposed  to  the  effects  of 
lightning. 

A  discharge  of  lightning  has  a  fixed  des- 
tination ;  it  occurs  because  of  the  juxtaposi- 
tion of  two  bodies  or  masses  of  matter  which 
are  oppositely  electrified,  and  its  course  lies 
between  them.  It  invariably  selects  the 
shortest  attainable  path  upon  the  best  con- 
ducting matter  present.  It  is,  perhaps, 
made  up  of  the  electricity  of  a  cloud  thou- 
sands of  acres  in  extent.  The  entire  cubic 
contents  of  a  building  constitute  but  an 
insignificant  fraction  of  the  mass  of  matter 
affected  by  the  electrical  disturbance  and 
contributing  to  the  discharge.  So  far,  there- 
fore, as  regards  by  far  the  larger  portion  of 
the  discharge,  the  building  is  merely  an 
incident  in  its  path,  and  the  function  of  the 
lightning-rod  is  simply  to  present  a  superior 
fine  of  conducting  matter  in  all  directions. 
The  ground  connection  of  the  rod  must  be 
with  the  best  conducting  material  which 
may  be  present.  If  it  is  a  gas  or  water 
main,  with  that ;  if  a  stream  of  water,  with 
that;  if  merely  moist  earth,  then  with  that. 
The  terminations  of  the  rods  must  penetrate 
the  earth  below  the  building  just  as  they 
must  project  above  the  building,  so  that  the 
rod  may  be  ready  to  receive  the  lightning 
from  whatever  quarter  it  may  come,  and  to 
carry  it  off  to  whatever  direction  it  may 
tend. 


A  portion  of  the  discharge  is  required  to 
restore  the  equilibrium  of  the  building  it- 
self, which,  in  common  with  all  other  mat- 
ter in  the  vicinity,  is  in  a  state  of  electrical 
excitement  induced  by  the  proximate  thun- 
der-cloud. It  is,  therefore,  essential  that 
the  lightning-rod  should  be  established  in 
the  most  intimate  connection  with  all  parts 
of  the  building,  and  especially  with  consider- 
able masses  or  lines  of  metal  about  the  build- 
ing, so  that  the  electricity  required  to  restore 
its  equilibrium  may  be  taken  from  or  com- 
municated to  it  in  so  many  different  places 
at  the  same  time,  and  in  such  small  quanti- 
ties as  to  be  nowhere  sufficient  to  produce 
any  mechanical  disruptive  effects. 

The  conducting  capacity  of  a  rod  depends 
upon  the  extent  of  its  solid  cross-section. 
Increasing  its  surface  by  flattening  it  out, 
increases,  if  anything,  the  resistance  which 
it  opposes  to  electricity  in  motion.  Hods 
made  of  twisted,  corrugated,  or  tubular 
sheet  metal,  are  also  inferior  to  a  solid  bar, 
because  they  are  less  substantial  and  less 
capable  of  durable  application. 

There  is  no  occult  power  in  the  light- 
ning-rod itself,  whatever  may  be  its  form 
or  its  material,  which  makes  it  a  sovereign 
specific  against  damage  by  lightning.  Mr. 
Wilde  recites  an  instance  of  the  destruc- 
tion of  a  church  by  a  discharge  of  light- 
ning, which  left  a  copper  rod  for  an  iron 
gas  pipe. 

It  is  only  when  the  lightning-rod  is 
adjusted  to  the  requirements  of  the  build- 
ing by  the  exercise  of  intelligent  judg- 
ment and  appreciation  of  the  laws  of 
electrical  manifestations,  that  it  can  be 
relied  upon  as  a  perfect  safeguard  from 
lightning. 


he  entire  anthracite  coal  tonnage  of  the 
Philadelphia  and  Reading  Railroad 
Company,  for  the  year  1871,  was  4,026,216 
tons,  of  which  8,716,584  tons  were  from  the 
Schuylkill,  Shamokin  and  Mahanoy  regions. 
This  company,  under  the  name  of  the  Phil- 
adelphia and  Reading  Coal  and  Iron  Com- 
pany, own  about  70,000  acres  of  coal  lands 
costing  nearly  $12,000,000. 


The  Chicago  and  Michigan  Lake  Shore 
Railroad  Company  are  making  large 
preparations  for  docks  and  warehouses  at 
Pentwater. 
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THE  IMPBOVEMENT   OF   THE   STEAM   ENGINE  AND  THE 
EDUCATION  OE  ENGINEEES  * 


By  PROFESSOR  THURSTON. 


Having  rapidly  sketched  the  history  of 
the  steam  engine  and  of  some  of  its  most  im- 
portant applications,  we  may  now  take  up 
the  question  :  What  is  the  problem,  stated 
precisely  and  in  its  most  general  form,  that 
engineers  have  been  here  attempting  to 
solve  ? 

After  stating  the  problem,  we  will  exam- 
ine the  record  with  a  view  to  determine 
what  direction  the  path  of  improvement  has 
taken  hitherto,  and,  so  far  as  we  may  judge 
the  future  by  the  past,  by  inference,  to  as- 
certain what  appears  to  be  the  proper  course 
for  the  present  and  for  the  immediate  fu- 
ture. 

Still  further,  we  will  inquire,  what  are 
the  conditions,  physical  and  intellectual, 
which  best  aid  our  progress  in  perfecting 
the  steam  engine. 

This  most  important  problem  may  be  sta- 
ted in  its  most  general  yet  definite  form,  as 
follows  : 

To  construct  a  machine  which  shall,  in  the 
most  perfect  manner  possible,  convert  the 
kinetic  energy  of  heat  into  mechanical 
power,  the  heat  being  derived  from  the 
combustion  of  fuel,  and  steam  being  the  re- 
ceiver and  the  conveyer  of  that  heat. 

The  problem  embodies  two  distinct  and 
equally  important  inquiries. 

1.  What  are  the  scientific  principles  in- 
volved in  the  problem  as  stated  ? 

2.  How  shall  a  machine  be  constructed 
that  shall  most  efficiently  embody  and  ac- 
cord with,  not  only  those  scientific  princi- 
ples, but  also  all  of  those  principles  of 
engineering  practice  that  so  vitally  affect 
the  economical  value  of  every  machine  ? 

The  one  question  is  addressed  to  the  man 
of  science,  the  other  to  the  engineer.  They 
can  be  only  satisfactorily  answered,  even  so 
far  as  our  knowledge  at  present  permits, 
after  studying  with  care  the  scientific  prin- 
ciples involved  in  the  theory  of  the  steam 
engine  under  the  best  light  that  science  can 
afford  us,  and  by  a  careful  study  of  the  va- 
rious steps  of  improvement  that  have  taken 
place    and  of  accompanying   variations    of 


*  A  paper  read  before  the  Polytechnic  Association  of  the 
American  Institute,  being  the  concluding  portion  of  a  lecture 
adlressed  to  mechanics  and  engineers,  at  the  Stevens  Institute 
of  Technology,  February  1872. 


structure,    analyzing    the    effect    of    each 
change,  and  tracing  the  reasons  therefor. 

The  theory  of  the  steam  engine  is  too  im- 
portant and  too  extensive  a  subject  to  be 
treated  here  in  even  the  most  concise  possi- 
ble manner. 

I  can  only  attempt  a  plain  statement  of 
the  course  which  seems  to  be  pointed  out 
by  science  as  the  proper  one  to  pursue  in 
the  endeavor  to  increase  the  economical  effi- 
ciency of  steam  engines. 

The  teachings  of  science  indicate  that 
success  in  economically  deriving  mechanical 
power  from  the  energy  of  heat  motion,  will, 
in  all  cases,  be  the  greater  as  we  work  be- 
tween more  widely  separated  limits  of  tem- 
perature, and  as  we  more  perfectly  provide 
against  losses  by  dissipation  of  heat  in  di- 
rections in  which  it  is  unavailable  for  the 
production  of  power. 

Scientific  research  has  proved  that,  in  all 
known  varieties  of  heat  engine,  a  large  loss 
of  effect  is  unavoidable,  from  the  fact  that 
we  cannot  reduce  the  lower  limit  of  temper- 
ature, in  working,  below  a  point  which  is 
far  above  the  absolute  zero  of  temperature ; 
far  above  that  point  at  which  bodies  have 
no  heat  motion ;  the  point  corresponding  to 
the  mean  temperature  of  the  surface  of  the 
earth  is  the  lower  limit. 

The  higher  we  carry  the  temperature  of 
the  steam  when  it  enters  the  steam  cylinder, 
and  the  lower  that  at  which  it  arrives  be- 
fore the  exhaust  occurs,  the  greater,  science 
tells  us,  will  be  our  success,  provided  we  at 
the  same  time  avoid  waste  of  heat  and 
power. 

Now,  looking  back  over  the  history  of  the 
steam  engine,  let  us  rapidly  note  the  promi- 
nent improvements  and  the  most  striking 
changes  of  form,  and  thus  endeavor  to  ob- 
tain some  idea  of  the  general  direction  in 
which  we  are  to  look  for  further  advance. 

Beginning  with  the  machine  of  Porta,  at 
which  point  we  may  first  take  up  an  un- 
broken thread,  it  will  be  remembered  that 
we  there  found  a  single  vessel  performing 
the  functions  of  all  the  parts  of  a  modern 
pumping  engine ;  it  was,  at  once,  boiler, 
steam  cylinder,  and  condenser,  as  well  as 
both  a  lifting  and  a  forcing  pump. 

The  Marquis  of  Worcester  divided   the 
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engine    into   two  parts,   using   a  separate 
boiler. 

Savery  duplicated  that  part  of  the  engine 
of  Worcester  which  performed  the  several 
parts  of  pump,  steam  cylinder  and  conden- 
ser, and  added  the  use  of  water  to  effect 
rapid  condensation. 

Newcomen  and  Cowley  next  separated 
the  pump  from  the  steam  engine  proper, 
and  in  their  engine  as  in  Savery' s,  we  no- 
ticed the  use  of  surface  condensation  first 
and  subsequently  that  of  the  jet,  thrown 
into  the  midst  of  the  steam  to  be  con- 
densed. 

Wattfinally  effected  the  crowning  improve- 
ments, and  completed  the  movement  of 
"  differentiation  "  by  separating  the  conden- 
ser frjm  the  steam  cylinder.  Here  this 
movement  ceased,  the  several  important 
processes  of  the  steam  engine  now  being 
conducted,  each  in  a  separate  vessel.  The 
boiler  furnished  the  steam,  the  cylinder 
derived  from  it  mechanical  power,  and  it 
was  finally  condensed  in  a  separate  vessel, 
while  the  power  which  had  been  obtained 
from  it  in  the  steam  cylinder  was  trans- 
mitted through  still  other  parts,  to  the 
pumps,  or  wherever  work  was  to  be  done. 

Watt,  also,  took  the  initiative  in  another 
direction.  He  continually  increased  the 
efficiency  of  the  machine  by  improving  the 
proportions  of  its  parts  and  the  character 
of  its  workmanship,  thus  making  it  possible 
to  render  available  many  of  those  improve- 
ments in  detail,  upon  which  effectiveness  is 
so  greatly  dependent,  and  which  are  only 
useful  when  made  by  a  skilful  workman. 

Watt  and  his  contemporaries  also  com- 
menced that  movement  toward  higher 
pressures  of  steam  and  greater  expansion, 
which  has  been  the  most  striking  feature 
noticed  in  the  progress  of  steam  engineering 
since  his  time. 

Newcomen  used  steam  of  barely  more 
than  atmospheric  pressure  and  raised  105,- 
000  lbs.  of  water  one  foot  high  with  a  pound 
of  coal  consumed.  Smeaton  raised  the 
pressure  somewhat  and  increased  the  duty 
considerably;  Watt  started  with  a  duty 
double  that  of  Newcomen  and  raised  it  to 
320,000  foot-pounds  per  pound  of  coal  with 
steam  at  10  lbs.  pressure. 

To-day,  Cornish  engines  of  the  same 
general  plan  as  those  of  Watt,  but  worked 
with  40  to  60  lbs.  of  steam  and  expanding 
three  or  four  times,  do  a  duty  probably 
averaging,  with  the  better  class  of  engines, 
000,000  foot-pounds  per  pound  of  coal.  The 


compound  pumping  engine  runs  the  figure 
up  to  about  1,000,000. 

The  increase  in  steam  pressure  and  in 
expansion  since  Watt's  time,  have  been 
accompanied  by  a  very  great  improvement 
in  workmanship ;  a  consequence,  very 
largely,  of  the  rapid  increase  in  perfection, 
and  in  the  wide  range  of  adaptation  of  ma- 
chine tools,  by  higher  skill  and  intelligence 
in  designing  engines  and  boilers,  by  increas- 
ed piston  speed,  greater  care  in  obtaining 
dry  steam,  and  in  keeping  it  dry,  until 
thrown  out  of  the  cylinder,  either  by  steam 
jacketing  or  by  superheating,  or  both  com- 
bined ;  and  it  has  further  been  accompanied 
by  greater  attention  to  the  important  matter 
of  providing  carefully  against  losses  by 
radiation  and  conduction  of  heat. 

The  use,  finally,  of  the  compound  or 
double-cylinder  engine  for  the  purpose  of 
saving  some  of  the  heat  usually  lost  in  con- 
sequence of  condensation  from  great  expan- 
sion, has  already  been  alluded  to  when 
treating  of  the  marine  engine. 

It  is  evident  that,  although  there  is  a 
limit  tolerably  well  defined  in  the  scale  of 
temperature,  below  which  we  cannot  expect 
to  pass,  a  degree  gained  in  approaching  this 
lower  limit  is  more  remunerative  than  a  de- 
gree gained,  in  the  range  of  temperature, 
available  by  increasing  temperatures.* 

Hence  the  attempt  made  by  the  French 
inventor,  Dr.  Trembly,  25  years  ago,  and  by 
other  inventors  since,  to  utilize  a  larger  pro- 
portion of  heat  by  approaching  more  closely 
the  lower  limit,  was  in  accordance  with 
known  scientific  principles.  The  form  of 
engine  here  referred  to  is  known  among  en- 
gineers as  the  Binary  Yapor  Engine.  In  it 
the  heat  of  the  water  from  the  condenser  of 
the  steam  engine  is  made  to  evaporate  some 
very  volatile  liquid,  as  ether  or  carbon-di- 
sulphide,  which,  in  turn,  by  the  expansion 
of  its  vapor,  develops  additional  mechanical 
power.  Mechanical  difficulties  have  hith- 
erto prevented  the  success  of  this  form  of 
engine,  but  it  cannot  be  pronounced  unlike- 
ly that  coming  inventors  may  make  the  sys- 
tem commercially  valuable. 

We  may  now  summarize  the  result  of  our 


*  The  fact  here  referred  to  is  easily  seen,  if  it  is  supposed  that 
an  engine  is  supplied  with  steam  at  a  temperature  of  400  deg. 
above  absolute  zero  and  works  it,  without  waste,  down  to  a 
temperature  of  200  deg.  Suppose  one  inventor  to  adapt  the 
engine  to  the  use  of  steam  of  a  range  from  500  down  to  '200  deg., 
while  another  works  his  engine,  with  equally  effective  provision 
against  losses,  between  the  limits  of  40u  and  100  deg. — an  equal 
range  with  a  lower  mean.  The  first  case  gives  an  efficiency  of 
one-half,  the  second  three-fifths,  and  the  third  tkree-iourths, 
the  latter  giving  the  highest  effect. 
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examination  of  the  growth  of  the  steam,  en- 
gine thus : 

First. — The  process  of  improvement  has 
been  one  primarily,  of  differentiation  ;*  the 
number  of  parts  has  been  continually  in- 
creased ;  while  the  work  of  each  part  has 
been  simplified,  a  separate  organ  being  ap- 
propriated to  each  process  in  the  cycle  of 
operations. 

Secondly. — A  kind  of  secondary  process 
of  differentiation  has,  to  some  extent,  fol- 
lowed the  completion  of  the  primary  one,  in 
which  secondary  process  one  operation  is 
conducted  partly  in  one  and  partly  in  an- 
other portion  of  the  machine.  This  is  illus- 
trated by  the  two  cylinders  of  the  compound 
engine  and  by  the  duplication  noticed  in  the 
Binary  engine. 

Thirdly. — The  direction  of  improvement 
has  been  marked  by  a  continual  increase  of 
steam  pressure,  greater  expansion,  provision 
for  obtaining  dry  steam,  high  piston  speed, 
careful  protection  against  loss  of  heat  by 
conduction  or  radiation  and,  in  marine  en- 
gines, by  surface  condensation. 

The  direction  which  improvement  seems 
now  to  be  taking,  and  the  proper  direction, 
as  indicated  by  an  examination  of  the  prin- 
ciples of  science,  as  well  as  by  our  review 
of  the  steps  already  taken,  would  seem 
to  be: 

EN  KESTJME WORKING  BETWEEN  THE  WIDEST 

ATTAINABLE  LIMITS  OE    TEMPEEATUBE.       Steam 

must  enter  the  machine  at  the  highest  por- 
sible  temperature,  must  be  protected  from 
waste,  and  must  retain,  at  the  moment  be- 
fore exhaust,  the  least  posssible  amount  of 
heat.  He  whose  inventive  genius,  or  me- 
chanical skill,  contributes  to  effect  either 
the  use  of  higher  steam  with  safety  and 
without  waste,  or  the  reduction  of  the 
temperature  of  discharge,  confers  a  boon 
upon  mankind. 

In  detail :  In  the  engine,  the  tendency 
is,  and  may  probably  be  expected  to  con- 
tinue, in  the  near  future  at  least,  toward 
higher  steam  pressure,  greater  expansion  in 
more  than  one  cylinder,  steam  jacketing, 
superheating,  a  careful  use  of  non-conduct- 
ing protectors  against  waste,  and  the  adop- 
tion of  higher  piston  speeds. 

In  the  boiler,  more  complete  combustion 
without  excels  of  air  passing  thorough  the 
furnace,  and  more  thorough  absorption  of 
heat  from  the  furnace  gases. 

The  latter,  I  am  inclined  to  suppose,  will 

*  This  term,  though  perhapsnot  familiar  to  engineers',  ex- 
presses the  idea  perfectly. 


be  ultimately  effected  by  the  use  of  a  me- 
chanically produced  draught,  in  place  of  the 
far  more  wasteful  method  of  obtaining  it 
by  the  expenditure  of  heat  in  the  chimney. 

In  construction  we  may  anticipate  the  use 
of  better  materials,  and  more  careful  work- 
manship, especially  in  the  boiler,  and  much 
improvement  in  forms  and  proportions  of 
details. 

In  management,  there  is  a  wide  field  for 
improvement,  which  improvement  we  may 
feel  assured  will  rapidly  take  place,  as  it 
has  now  become  well  understood  that  great 
care,  skill  and  intelligence  are  important 
essentials  to  the  economical  management  of 
the  steam  engine,  and  that  they  repay, 
liberally,  all  of  the  expense  in  time  and 
money  that  are  requisite  to  secure  them. 

In  attempting  improvements,  in  the  di- 
rections that  I  have  indicated,  it  would  be 
the  height  of  folly  to  assume  that  we  have 
reached  a  limit  in  any  one  of  them,  or  even 
that  we  have  approached  a  limit. 

If  further  progress  seems  checked  by 
inadequate  returns  for  efforts  made,  in  any 
case,  to  advance  beyond  present  practice,  it 
becomes  the  duty  of  the  engineer  to  detect 
the  cause  of  such  hindrance,  and  having 
found  it,  to  remove  it. 

A  few  years  ago,  the  movement  toward 
the  expansive  working  of  high  steam  was 
checked  by  experiments,  seeming  to  prove 
positive  disadvantage  to  follow  advance 
beyond  a  certain  point. 

A  careful  revisal  of  results,  however, 
showed  that  this  was  true  only  with  en- 
gines built,  as  was  then  common,  in  utter 
disregard  of  all  the  principles  involved  in 
such  a  use  of  steam,  and  of  the  precaution 
necessary  to  be  taken  to  insure  the  gain 
which  science  taught  us  should  follow. 

The  hindrances  are  mechanical,  and  it  is 
for  the  engineer  to  remove  them. 

We  have  seen  that  the  most  important 
problem  offered  the  engineer  for  solution  is 
a  double  one,  and  that  it  requires  the  aid 
of  both  the  scientist  and  the  mechanist  in 
its  solution. 

But  it  is  sufficiently  evident  that,  before 
the  engineer  can  determine  what  form  of 
machine  will  best  yield  to  him  the  control 
of  these  forces  of  nature,  he  must  have 
sufficient  knowledge  of  science  to  be  able  to 
understand  what  scientific  principles  are  to 
be  rendered  available,  and  what  phenomena 
of  nature  are  operating  in  the  production  of 
the  power  which  he  is  to  seize  upon  and  use- 
fully to  apply.     Otherwise  he  will  grope  in 
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the  dark,  and  will  only  learn,  by  the  bitter 
experience  of  costly  failures,  to  make  slow 
progress  toward  perfection. 

We  have  seen  that  the  greatest  improve- 
ments effected  in  the  steam  engine  were  due 
to  the  united  engineering  skill  and  experi- 
ence, and  to  the  scientific  attainments  of 
James  Watt. 

We  saw  that  his  improvements  followed 
a  long  course  of  intelligent  and  scientific 
research,  and  that  directed  by  the  results 
of  this  investigation,  the  engineering  talent 
and  the  mechanical  knowledge  of  the  great 
inventor,  accomplished  more  in  a  single 
lifetime  than  had  been  previously  accom- 
plished in  the  whole  period  embraced  in 
the  history  of  civilization. 

This  great  example  confirms  what  we 
should  infer  from  the  nature  of  the  problem 
itself,  that  he  who  would  accomplish  most, 
in  the  profession  of  the  mechanical  engineer, 
must  best  combine  scientific  attainments, 
especially  experimental  knowledge,  with 
mechanical  tastes  and  ability  and  engi- 
neering experience. 

As  one  of  our  oldest  engineers*  tells  him, 
he  must  "  cultivate  a  knowledge  of  physical 
laws,  without  which,  eminence  in  the  pro- 
fession can  never  be  securely  attained." 

He  must  become  familiar,  not  only  with 
science  and  the  arts,  but  he  must  teach  him- 
self to  make  the  one  assist  the  other ;  he 
must  learn  just  how  to  make  use  of  scientific 
principles  in  planning  his  work,  and  how  to 
do  his  work  most  thoroughly,  efficiently,  and 
economically  when  he  has  determined  his 
general  design.  He  must  be  able  to  deter- 
mine how  far  standard  designs  are  in  ac- 
cordance with  correct  principles,  to  detect 
their  defects  and  to  provide  a  remedy  cor- 
rect in  principle  and  mechanically  efficient. 

Science  and  Art  must  always  work  hand 
in  hand. 

But  how  is  the  rising  generation  of  en- 
gineers to  acquire  this  proficiency  in  both 
branches  of  knowledge?  How  are  they  to 
be  made  mentally  and  manually  accomplish- 
ed ;  how  fitted  for  the  great  work  which 
is  before  them  ? 

The  time  has  gone  by  when,  in  any  art, 
the  ignorant  and  merely  dexterous  work- 
man can  compete  with  even  a  less  skilful 
shopmate,  in  the  race  for  preferment,  where 
the  latter  possesses  and  uses  brains  as  well 
as  hands,  and  knows  how  to  make  the  one 
direct  and  aid  the  other.  We,  to-day,  find 
him  occupying  a  decided  vantage  ground 

*  c  harles  Haswell. 


who  is,  at  the  same  time,  familiar  with  the 
schools  and  at  home  in  the  workshop. 

Whatever  department  in  the  arts  a  youth 
may  be  designed  for,  he  must,  to  insure 
success  in  the  future,  be  taught  not  "in 
the  school  or  the  workshop,"  the  alternative 
formerly  offered  him,  but  in  the  school  and 
the  workshop. 

Here  then  arises  the  necessity  of  "Tech- 
nical and  Industrial  Schools,"  in  which,  if 
properly  conducted,  knowledge  is  imparted 
so  as  not  only  to  train  the  mind  to  habits  of 
thought  and  study,  to  give  it  capacity  for 
logical  deduction,  but  in  such  a  manner  as 
shall,  at  the  same  time,  make  the  student 
familiar  with  the  principles  of  the  art  which 
he  is  to  practise,  and  prepare  him  to  learn 
the  lessons  taught  in  the  workshop  and  the 
manufactory,  rapidly  and  well. 

It  is  the  tardy  recognition  of  this  great  want, 
this  vital  necessity,  that  has  placed  a  great 
nation,  which  has  been  far  in  advance  of 
all  others  in  manufactures  and  the  useful 
arts,  in  a  position,  relatively  to  her  neigh- 
bors, that  is  causing  the  greatest  uneasiness 
in  the  minds  of  the  more  intelligent  of  her 
people  and  of  her  statesmen. 

They  see  other  nations,  who  were  for- 
merly far  behind,  now  rapidly  overtaking 
her,  if  not  not  already  taking  the  lead,  in 
consequence  of  the  earlier  adoption  of  a 
system  of  technical  education  for  their 
people. 

Two  hundred  years  ago,  Edward  Somer- 
set, the  second  Marquis  of  Worcester,  the 
inventor,  whose  work  has  become  familiar 
to  use,  informed  his  fellow-countrymen  of 
the  growing  necessity  for  such  a  system  of 
education  for  the  people,  and  urged  the 
establishment  of  technical  schools. 

For  this  he  deserves  higher  honor  than 
for  anything  that  he  did  for  the  steam 
engine. 

But  the  system  first  took  a  definite  form 
upon  the  continent  of  Europe,  and,  for  more 
than  a  quarter  of  a  century,  it  has  grown 
with  the  growth  and  strengthened  with  the 
strength  of  the  western  European  nations, 
until  it  has,  to-day  become  a  most  impor- 
tant element  of  their  national  power. 

In  our  own  country  this  great  need  has 
been  long  recognized,  but  the  policy  of  our 
Government  does  not  permit  it  to  institute 
systems  of  teaching,  as  has  been  done  by 
those  of  Europe,  and  it  has  remained,  to  a 
great  degree,  unprovided  for. 

Such  education  cannot  be  provided  at  the 
small  cost  that  the  average  citizen  can  well 
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afford  to  pay,  and,  even  if  that  were  possible 
it  is  quite  doubtful  whether  the  vital 
necessity  of  such  an  education,  to  the  people 
rather  than  to  the  individual,  and  to  the 
coining  rather  than  to  the  present  genera- 
tion, would  be  sufficiently  well  understood 
to  induce  the  payment  of  its  actual  cost,  far 
below  the  real  value,  as  it  may  be. 

It  becomes  therefore  the  privilege  and 
the  duty  of  the  wealthy  among  our  citizens, 
to  provide  this  great  want  of  our  country, 
and  to  aid,  thus  most  effectively,  in  giving 
her  that  pre-eminence  among  nations  that 
every  patriotic  citizen  aspires  to  see  her 
attain. 

I  have  referred  to  the  services  rendered 
by  John  Stevens  and  his  sons  in  the  intro- 
duction of  the  locomotive  and  the  steam- 
boat, but  no  single  achievement  of  theirs, 
nor  all  combined,  has  conferred  so  great  a 
benefit  upon  the  country  and  upon  the  world, 
as  did  the  bequest  by  which  one  of  those 
sons,  Edwin  A.  Stevens,  founded  a  techni- 
cal school,  where  the  youth  of  the  present 
and  of  succeeding  generations  are  to  be 
taught  the  principles  upon  which  is  based 
the  profession  which  he  and  his  father 
and  brothers  practised  with  such  splendid 
results. 

In  St.  Paul's  Cathedral  is  a  Latin  inscrip- 
tion which  informs  the  visitor  that  no 
memorial  is  erected  to  its  great  architect, 
Sir  Christopher  Wren,  but  that  his  most 
appropriate  monument  is  the  great  cathe- 
dral itself. 

So  it  is  here,  we  see  no  memorial  erected 
to  the  founder  of  this  first  School  of  Me- 
chanical Engineering,  but  "  si  monnmen- 
tum  quaeris,  circumspice." 


REPORTS  OF  ENGINEERS'  SOCIETIES. 

Railway  Mechanics'  Association. — The  fol- 
lowing is  a  list  of  the  subjects  to  be  consider- 
ed at  the  next  meeting  of  the  Master  Mechanics' 
Association,  and  the  list  of  the  different  committees 
to  report  upon  the  same : — 

1.  Locomotive  Boiler  Construction. — S.  J.  Hayes, 
Illinois  Central ;  J.  Losey,  Louisville,  New  Albany 
&  Chichago ;  J.  B.  Gregg,  Erie  Railway,  Com- 
mittee. 

2.  The  Operation  and  Management  of  Locomo- 
tive Boilers,  including  tlie  Purification  of  Water. — 
H.  A.  Towne,  Hannibal  &  St.  Joseph ;  A.  H.  De 
Clercq,  Toledo,  Peoria  &  Warsaw  ;  Harry  Elliott, 
Ohio  &  Mississippi,  Committee. 

3.  The  Comparative  Value  of  Anthracite  Coal, 
Bituminous  Coal  and  Wood  for  Generating  Steam 
in  Locomotives. — Chas.    Graham,  Lackawanna  & 


Bloomsburg;  L.  S.  Young,  Cleveland,  Columbus, 
Cincinnati  &  Indianapolis ;  B.  H.  Kidder,  Lake 
Shore  &  Michigan  Southern,  Committee. 

4.  The  Construction,  Operation  and  Cost  of 
Maintaining  Continuous  Train-brakes. — J.  M. 
Boon,  Pittsburg,  Port  Wayne  &  Chicago ;  J.  Jo- 
hann,  late  of  Missouri  Pacific ;  W.  S.  Hudson, 
Rogers  Locomotive  Works,  Committee. 

5.  The  Relative  Cost  of  Operating  Roads  of 
Gauges  of'Sft.  6  in.,  or  less,  and  those  of  the  Ordi- 
nary 4  ft.  8.1  in.,  Gauge. — J.  T.  Robinett,  Atlantic, 
Mississippi  &  Ohio ;  J.  U.  Eastman,  Nashville  & 
Chattanooga  ;  W.  Bell  Smith,  South  Carolina  Rail- 
road, Committee. 

6.  The  Construction  and  Operation  of  Solid-end 
Connectimg  Rods  for  Locomotives. — J.  Sedgley, 
Lake  Shore  &  Michigan  Southern  ;  J .  W.  Nesbitt, 
Evansville,  Terre  Haute  &  Chicago ;  N.  E.  Chap- 
man, Cleveland  &  Pittsburg,  Committee. 

7.  Resistance  of  Trains  on  Siraight  and  Curved 
Tracks,  and  on  Wide  and  Narrow  Gauge  Roads, 
and  with  Four  or  Six-wheeled  Trucks,  and  with 
Long  and  Short  Wheel-base. — W.  A.  Robinson, 
Great  Western  of  Canada ;  Wm.  Jackson,  Rome, 
Watertown  &  Ogdensburg;  C.  T.  Ham,  New 
York  Central  &  Hudson  River,  Committee. 

8.  The  Efficiency  of  Check  or  Safety-Chains  on 
Engine,  Tender  and  Car  Trucks  in  Lessening  tlie 
Danger  Resulting  from  Running  off  the  Track. — R. 
Wells,  Jeffersonville,  Madison  &  Indianapolis  ;  G. 
R.  Peddle,  St.  Louis,  Vandalia,  Terre  Haute  & 
Indianapolis ;  J.  L.  White,  Evansville  &  Graw- 
fordsville,  Committee. 

9.  Machinery  for  Removing  Snow  from  tie 
Track.— J.  W.  Philbrick,  Maine  Central ;  J.  N. 
Foss,  Vermont  Central ;  E.  Studley,  Concord  Rail- 
road, Committee. 

10.  .The  Machinery  and  Appliances  for  Supply- 
ing Fuel  and  Water  to  Locomotives. — H.  L.  Leach, 
Hinckley  &  Williams  Locomotive  Works ;  Wilson 
Eddy,  Boston  &  Albany ;  E.  Garfield,  Hartford, 
Providence  &  Eishkill,  Committee. 

11.  The  Machinery  and  Appliances  for  Remov- 
ing Wrecks  and  Erecting  Bridges. — Morris  Sellers ; 
D.  O.  Shaver,  Pennsylvania  Railroad ;  S.  Moore, 
Pittsburgh,  Fort  Wayne  &  Chicago,  Committee. 

12.  The  Best  Form  and  Proportions  of  Axles 
for  Cars  and  Locomotives,  also  Whether  there  is 
Anything  to  be  Gained  by  the  Use  of  Compound 
Axles  and  Loose  Wheels. — M.  N.  Forney,  Colman 
Sellers,  Gordon  H.  Nott,  Committee. 

The  Committee  recommended  to  the  considera- 
tion of  the  Association  the  advantages  which  would 
accrue  from  offering  a  premium  for  the  best  de- 
sign and  drawing  of  machinery  for  accomplishing 
the  removal  of  wrecks,  erecting  bridges,  and  re- 
moving snow.  To  these  recommendations  of  theCom- 
mittee  was  added  the  subject  of  safety  valves,  "  and 
the  best  form  and  proportions  of  axles,  and  what 
gain  in  using  compound  axles,  and  loose  wheels, 
safety  valves  and  slide  valves." 

American  Society  op  Civil  Engineers. — 
At  the  late  annual  convention,  George  H. 
Norman,  Esq.,  of  Newport,  R.  I.,  proposed  to  in- 
stitute a  prize  fund  which  will  enable  the  society 
to  award  a  gold  medal  yearly  for  the  best  essay  on 
engineering  topics. 

The  propriety  of  changing  the  method  of  pub- 
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lishing  the  society's  transactions  was  discussed,  and 
their  issue  in  engineering  journals  advocated.  The 
organization  of  local  clubs  or  chapters,  to  be  con- 
nected with  the  Society,  was  considered,  and  a  com- 
mitttee  appointed  consisting  of  Messrs.  E.  S.  Ches- 
brough,  of  Chicago ;  0.  Chanute,  of  Kansas  City  ; 
C.  Clarke,  of  Philadelphia ;  Horatio  Allen  and  W. 
Craven,  of  New  York,  to  report  a  plan  therefor  at 
the  next  annual  convention. 

Members  of  the  Society  and  others  connected 
with  public  works  were  asked  to  send  copies  of  Re- 
ports thereon,  to  the  secretary  for  the  Society's 
library. 

Generals  W.  S.  Smith,  of  Chicago,  J.  G.  Barnard, 
and  G.  B.  McClellan,  of  New  York,  Capt.  J.  B. 
Eads,  of  St.  Louis,  and  A.  Fink,  Esq.,  of  Louis- 
ville, were  appointed  a  committee  under  the  fol- 
lowing resolution : 

Whereas,  American  engineers  are  now  mainly 
dependent  upon  formulae  for  the  calculation  of 
strength  of  the  different  forms  of  iron  and  steel, 
not  based  on  experiment  upon  American  materials 
and  manufacture,  and 

Whereas,  these  differ  greatly  in  many  of  their 
characteristics  from  those  of  foreign  production ; 
both  in  their  nature  and  forms,  therefore 

Resolved,  That  a  committee  of  five  be  appointed 
to  urge  upon  the  United  States  Government,  the 
importance  of  a  thorough  and  complete  series  of 
tests  of  American  iron  and  steel,  and  the  great 
value  of  formulas  to  be  deduced  from  such  experi- 
ments. 

For  the  meeting  September  4th  next,  a  paper  on 
"  Rail  Economy, '  by  C.  P.  Sandberg,  of  London, 
and  a  discussion  of  Gen.  Theo.  G.  Ellis'  published 
paper  on  "  Experimental  Strains  in  Bowstring 
Girders,"  are  set  down. 

The  New  York  Society  of  Practical  En- 
gineering.— At  the  monthly  meeting  held 
August  1,  Mr.  J.  E.  Cisneros  read  a  paper  i,a  con- 
tinuation of  one  on  the  same  subject  read  at  the 
previous  meeting)  on  Narrow  Gauge  Railways, 
taking  up  the  subjects,  on  this  occasion,  of  depots, 
bridges,  and  rolling  stock.  In  specifying  the 
economy  of  these,  as  compared  with  those  of  com. 
mon  gauge,  he  claimed  in  the  matter  of  workshops 
a  saving  of  28  per  cent.,  and  in  engine-houses  of 
21.71  per  cent.  The  average  saving  in  construc- 
tion of  permanent  way  and  buildings  was  set 
down  at  24.68  per  cent.,  and  the  total  economy, 
including  that  in  rolling  stock,  etc.,  at  from  30  to 
35  per  cent,  of  the  average  cost  under  the  present 
system.  The  paper  was  replete  with  valuable  data 
and  called  out  much  discussion,  the  opponents  of 
the  narrow  gauge  taking  the  ground  that  the  same 
economy  could  be  secured  by  light  rails  and  roll- 
ing stock  on  the  common  gauge,  or,  in  other  words, 
that  the  gauge  could  be  made  with  truest  economy 
on  light  rather  than  narrow  roads. 

The  Institution  op  Civil  Engineers,  Lon- 
don.— During  the  quarter  ended  on  June  30, 
two  hon.  members  Prince  Arthur  and  Dr.  Percy  ), 
8  members  and  50  associates  have  been  elected,  and 
21  students  admitted  by  the  council ;  23  members 
have  died  or  resigned,  leaving  the  actual  net  in- 
crease 58.  The  numbers  of  the  different '  classes 
are  now  as  follows: — Hon.  members,  16;  mem- 
bers, 756;  associates,  1,127;  and  students,  244; 
making  a  total  of  2,143. 


IKON  AND  STEEL  NOTES. 

Can  our  Production  of  Iron  be  increased 
Sufficiently  to  meet  Future  Demand-  ? 
— The  arguments  of  the  advocates  of  free  trade  in 
favor  of  the  abolition  of  the  duties  on  iron  are  all 
exploded  by  the  recent  sudden  advance  in  the 
prices  of  the  article  in  Europe.  If  there  were  no 
duty  now,  iron  producers  in  America  would  re- 
ceive more  for  their  work  than  they  got  a  few 
months  ago.  There  does  not,  therefore,  exist  at 
the  present  time  any  question  as  to  the  profitable- 
ness of  this  branch  of  industry,  and  the  only  one 
to  be  considered  is  the  ability  of  those  now  engaged, 
and  those  who  will  engage  in  it,  to  supply  what 
is  needed. 

A  recent  report  of  the  Secretary  of  the  American 
Iron  and  Steel  Association  presents  statistics  which 
will  be  scanned  with  much  interest.  Here  is  an 
extract : 

The  whole  production  of  anthracite  pig  iron  in 
the  United  States  in  1 871  was  957,608  tons,  and 
the  growth  of  this  branch  of  manulacture  is  shown 
by  the  following  table : 

In  1854  the  M 

In  1855        *"  "         381,866  "    Inc.  12  per  cent. 

In  1856 

In  1857 

In  1858 

In  1859 

In  1860 

In  1861 

In  1862 

In  1863 

In  1864 

In  1865 

In  1866 

In  1867 

In  1868 

In  1869 

In  1870 

In  1871 

The  present  annual  capacity  of  our  anchracite 
blast  furnaces,  including  those  nearly  ready  to  be 
blown  in,  is  about  1,275,000  tons. 

As  before  stated,  it  is  not  now  possible  to  give 
the  product  of  the  raw  bituminous  coal,  coke  and 
charcoal  furnaces  for  last  year  with  accuracy;  but 
the  very  full  reports  already  received  from  mar  y 
of  the  principal  iron  regions  of  the  country  en- 
able us  to  estimate  the  production  with  sufficient 
precision  for  practical  purposes,  as  follows : 

Raw  bituminous  coal  and  coke  pig  iron  . .   570,000  tons. 
Charcoal 385,000     " 

The  total  product  of  pig  iron  in  the  United  States 
in  1871  may,  therefore,  be  set  down  at  1,912,608 
tons,  against  1,865,000  tons  in  1870  ;  1.916.000  tons 
in  1869  ;  1,603,000  tons  in  1868;  1.461.626  tons  in 
1867  ;  1,350,943  tons  in  1866,  and  931,000  tons  in 
1865. 

The  utmost  present  annual  capacity  of  the  blast 
furnaces  of  the  United  States  is  about  2,500,000 
tons. 

The  total  production  of  rails  in  the  country  in 
1871  amounted  to  775,733  tons,  as  compared  with 
620,000  tons  in  1870  ;  593.586  tons  in  i860  ;  506.- 
714  tons  in  1868;  462,108  tons  in  1867;  430,778 
tons  in  1866,  and  356,292  tons  in  1865.  Of  the 
product  of  1871,  715,691  tons  were  iron  and  60,042 
tons  steel  and  steel-headed.     The  following  state- 
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ment  shows  the  localities  in  which  these  rails  were 
manufactured : 

Pennsylvania 335,604  tons. 

Illinois 91,178  " 

New  Turk 87,022  " 

Ohio 75,782  " 

Maryland 44,941  " 

Wisconsin 28,774  " 

Massachusetts 28,864  " 

Michigan     14,000  " 

Maine , 13,383  " 

Indiana 12,778  " 

Tennessee 9,067  " 

Missouri 8,260  " 

New  Jersey 6, 700  " 

Georgia..." 7,840  " 

West  Virginia 5,000  " 

Kentucky 6,000  " 

The  reports  received  from  the  rail  mills  indicate 
that  a  large  number  were  in  operation  during  a 
part  of  last  year  only.  There  are  forty-eight  rail 
mills  in  the  country,  and  their  utmost  annual 
capacity  is  placed  at  about  1,000,000  tons. 

The  product  of  rolled  and  hammered  iron  other 
than  rails  in  1871  is  estimated  at  700,000  tons, 
which  may  be  analyzed  about  as  follows  : 

Merchant  bar  and  rod 335,000 

Sheet  and  plate 118,000 

Hoop 22,000 

Nails  and  spikes  155, 000 

Axles  and  other 80,000 

Total 710, 000 

The  product  of  steel  of  all  kinds  in  1871  is  esti- 
mated at  82,000  tons,  of  which  45,000  tons  were 
made  by  the  Bessemer  process. 

The  amount  of  pig  iron  produced  in  1871  was 
not  greater  than  that  of  1869,  and  the  importation 
of  rails  in  1871  from  Great  Britain  amounted  to 
572,386  tons,  in  addition  to  210,687  tons  of  pig 
iron.  Nearly  half  of  the  rails  consumed  in  the  last 
year  came  from  that  country.  The  cost  of  iron 
importations  for  the  last  fiscal  year,  if  the  Treasury 
report  be  reliable,  is  presented  in  the  following 
figures : 

The  declared  dutiable  value  of  iron  and 

manufactures  thereof  imported  in  the 

year  ending  June  30,  1871 $31,852  034  83 

And  of  steel  and  manufactures  thereof  .     11,404,084  85 

Total $43,256,119  68 

Since  the  close  of  the  fiscal  year  importations 
have  largely  increased,  and  the  great  advance  in 
prices  will  so  swell  the  amount  which  will  be  re- 
ceived during  the  current  year  that  it  will  require 
very  nearly  if  not  quite  the  whole  product  of  the 
gold  mines  of  the  United  States  to  pay  for  it.  This 
is  not  an  encouraging  view  of  the  trade  in  metals 
for  the  advocates  of  a  resumption  of  specie  pay- 
ments. 

Since  our  country  has  had  a  separate  existence 
the  matter  of  protective  and  fostering  laws  to  en- 
courage native  industry  has  been  in  controversy, 
and  the  struggle  between  opposing  parties  appears 
to  be  as  far  from  an  end  as  it  ever  was.  Is  it  not 
strange  that  in  this  age  of  wonderful  enlighten- 
ment so  intelligent  a  people  as  those  of  the  United 
States  cannot  find  out  which  policy  is  best  for  the 
promotion  of  the  general  prosperity  of  the  coun- 


try ?  A  little  cool  observation,  however,  will  show 
that  selfish  interests  more  than  a  lack  of  under- 
standing influence  the  opinions  of  antagonists. 
Those  who  have  their  capital  invested  in  iron 
furnaces  advocate  protective  duties,  and  those  who 
are  engaged  in  the  business  of  importing  foreign 
products  clamor  for  free  trade.  At  the  present 
time,  however,  it  is  manifest  that  no  tariff  of  du- 
ties can  remedy  the  want  of  a  supply  of  iron. 
The  high  prices  come  from  abroad,  and  it  is  evi- 
dent that  a  sufficient  supply  at  moderate  prices 
cannot  be  expected  for  some  years  to  come.  Other 
means  besides  tinkering  tariff  laws  must  be  adopt- 
ed, and  it  can  not  be  doubted  that  one  of  them  is  to 
give  practical  encouragement  to  the  production  of 
steel  rails.  Their  greater  durability  will  relieve 
the  labor  of  the  country  of  the  necessity  of  fre- 
quently relaying  tracks  and  re-rolling  rails,  and  a 
greater  amount  of  labor  may  be  given  to  pro- 
ducing the  metal.  Great  improvements  in  the 
manufacture  of  iron  and  steel  have  been  made, 
and  invention  will  be  stimulated  by  the  high  pri- 
ces which  will  prevail.  Increased  cost  is  a  dis- 
advantage, because  it  will  augment  our  foreign 
debt ;  but  it  will  encourage  home  industry,  and  if 
the  Government  would  furnish  a  currency  which 
would  make  capital  as  cheap  as  it  is  in  Europe, 
this  department  of  production  might  now  be  placed 
upon  a  footing  which  would  enable  it  to  defy  com- 
petition. One  hundred  millions  in  greenbacks 
annually  added  to  the  available  means  of  the  busi- 
ness community  would  give  an  impetus  to  railroad 
and  steamship  enterprises,  which  would  augment 
the  wealth  of  the  country  in  an  incalculable 
degree  ;  but  it  requires  brains  to  enable  politicians 
to  see  it. 

The  Iron  Trade. — The  last  bulletin  of  the 
"  Comites  des  Forges "  published  the  state- 
ments of  iron  exports  and  imports  during  the  first 
three  months  of  1872  and  the  corresponding  period 
of  1870.     The  results  are  as  follows  : 


Imports 
Exports 


Three  months,  1872. 


Cast 
iron. 


tons. 
32,317.819 


Wrought 
Iron. 


tons. 
15,257.210 


124,658  049 


Three  months,  1870. 


Cast 
Iron. 


tons. 
35,255  9  il 


Wrought 
iron. 


tons. 
19,018.135 


100,704  109 


The  quantities  of  iron  ores  brought  into  France 
during  the  same  periods  are  respectively  106,355,- 
847  for  1872,  117,915,610  tons  for  1870.  The 
German  importations  have  suffered  a  great  dimi- 
nution; those  of  Spain,  on  the  contrary,  have  in- 
creased by  half,  and.  the  importation  of  Algerian 
ores  also  rises. 

In  1870  the  production  of  the  Prench  mines  fe-11 
to  12,000  tons,  whilst  it  was  14,000  tons  in  1869. 
At  the  end  of  1871  activity  was  re-established,  and 
the  production  exceeded  13,000  tons  ;  in  fact,  the 
coal  yield  has  not  sensibly  diminished,  despite  the 
fact  that  the  coal  basin  of  the  Moselle  has  been 
lost  to  the  country. 
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KAILWAY  NOTES. 

New  Narrow  Gauge  Road.— Mr.  Joseph  Klie- 
berg,  writing  from  Brownsville,  Texas,  says  : 
We  are  building  a  narrow  gauge  road,  viz.  3  ft.  6 
in.,  length  of  road,  from  Point  Isabel  to  this  place, 
22  miles.  17  miles  graded  and  ties  on  track  now. 
2  locomotives,  built  by  M.  Baird  &  Co.,  are  set  up 
and  ready,  also  20  cars  built  by  Jackson,  Sharpe  & 
Co.,  also  set  up,  all  at  Point  Isabel.  The  rails  are 
expected  to  arrive  in  a  few  days.  Ship  sailed 
from  Cardiff  on  April  10th  last.  "We  have  also 
built  a  Dock  and  Depot  at  Point  Isabel.  Conse- 
quently the  road  ought  to  be  in  running  order  in 
a  short  time,  and  it  will  not  be  long  before  we  will 
have  a  practical  demonstration  of  the  advantages  and 
usefulness  of  a  Narrow  Gauge  Road  in  this  part  of 
the  world.  If  our  road  proves  all  that  is  claimed 
for  this  gauge,  our  example  will  be  of  immense 
value  to  the  people  of  Texas,  as  the  cost  so  far  has 
been  85  per  cent,  less  than  the  cost  of  the  old  wide 
gauge  now  in  use  in  this  State. 

It  is  principally  owing  to  the  valuable  and  in- 
teresting articles  on  Narrow  Gauge  published  in 
your  Magazine  that  this  road  has  been  built. 

The  railroad  laws  of  Texas  require  the  wide 
gauge.  I  went  to  Austin  in  February,  1871,  to  get 
the  Legislature  to  pass  a  special  act  to  allow  us 
the  narrow.  I  was  laughed  at  and  met  with 
serious  opposition.  When  a  friend  of  your  brother 
Prof.  Van  Nostrand  told  me  that  if  I  would  refer 
some  of  those  gentlemen  to  the  Professor  that 
they  might  become  convinced  of  the  practicability 
of  the  narrow  gauge  standard.  I  did  so  and  got 
my  bill  passed.  And  now  the  road  is  an  assured 
success,  at  least  as  far  as  the  construction  is  con- 
cerned. 

The  Central  Pacific  Route. — There  has  been 
considerable  speculation  with  regard  to  the 
reasons  which  caused  the  managers  of  the  Pennsyl- 
vania Company  to  allow  the  control  of  the  great 
central  route  to  the  Pacific  to  be  taken  from  them. 
The  change  was  spoken  of  by  some  as  a  victory  of 
Vanderbilt's  ;  but  it  was  evident  that  the  Penn- 
sylvania Company  made  no  effort  to  continue  their 
management  of  the  concern.  Quite  a  number  of 
suggestions  have  been  made  as  to  what  was  most 
probably  not  the  reason  for  this  lack  of  effort  on 
the  part  of  so  active  and  enterprising  an  institution, 
and  a  contemporary  expresses  the  belief  that  the 
main  reason  was  the  desire  to  operate  the  Nor- 
thern Pacific  road,  whose  terminus  will  be  so 
much  nearer  to  Japan  and  China  as  to  receive  the 
bulk  of  the  trade  coming  from  that  part  of  the 
world.  We  have  heretofore  given  a  view  of  the 
matter,  which  is.  that  the  Pennsylvania  colossus 
perceives  the  great  advantages  of  the  Southern 
route,  and  will  push  it  forward  to  completion  in 
the  shortest  time  practicable. 

The  Northern  Pacific  road  is  progressing  favor- 
ably, and  as  a  summer  route  it  will  have  many 
advantages ;  but  it  is  located  so  far  north  as  to 
make  it  expensive  and  difficult  to  work  in  win- 
ter. The  southern  route  will  not  only  avoid  the 
objectionable  features  of  the  central  and  northern 
ones,  but  it  will  occupy  a  part  of  the  country  which 
will  be  rapidly  developed,  and  the  southern  branch- 
es will  bring  an  immense  trade  to  it. 

We  should  not  shut  our  eyes  to  the  progress  of 
events,  nor  suppose  that  the  commerce  of  the  con- 


tinent will  always  follow  the  same  course  which  it 
takes  now.  It  is  not  likely  that  a  country  like 
Mexico  will  be  allowed  much  longer  to  remain  in 
the  hands  of  the  barbarians  who  have  heretofore 
mismanaged  its  affairs,  and  prevented  the  develop- 
ment of  its  resources  ;  and  a  careful  study  of  the 
map  will  show  that  the  most  favorable  route  from 
the  Mississippi  valley  to  the  Atlantic  is  below  in- 
stead of  above  the  latitude  of  St.  Louis.  It  is  not 
improbable  that  a  city  in  the  vicinity  of  Hampton 
Roads,  if  it  be  not  Norfolk,  will  one  day  be  the 
chief  commercial  port  of  the  country,  and  the 
leading  railroad  will  run  nearly  due  west  from 
that  point.  The  Southwestern  States  have  very 
great  resources,  which  will  be  brought  forth  rapidly 
when  more  favorable  circumstances  lend  their  aid, 
and  a  more  sensible  financial  policy  than  that 
which  is  now  grinding  the  country  and  checking 
enterprise  shall  have  been  introduced. 

Time  will  show  that  the  shrewd  managers  of 
the  Pennsylvania  Railroad  Company  were  not 
ambitious  to  fead  the  elephant  which  they  had  got 
into  their  possession,  and  that  they  willingly  yield- 
ed that  honor  to  a  rival,  in  order  to  devote  their 
time,  talents  and  means  to  securing  what  will  be 
in  time  much  the  most  important  route  across  the 
continent. 


ENGINEERING  STRUCTURES. 

The  Bermuda  Floating  Dock. — The  following 
article  appeared  in  the  "Bermuda  Royal 
Gazette"'  of  the  20th  ult.: — "A  brief  description 
of  the  operation  of  placing  in  the  floating  dock 
the  large  iron  plate  man-of-war  Royal  Alfred, 
bearing  the  flag  of  Admiral  Fanshawe,  may  inter- 
est some  of  our  readers.  Other  large  ships  of  war 
have  been  safely  and  successfully  received  into  the 
same  capacious  bosom,  but  none  nearly  so  large  aa 
the  Royal  Alfred,  which  weighs  about  6,000  tons ; 
and  the  docking  of  a  first-class  man-of-war  of  this 
kind  has  been  looked  forward  to  as  the  crucial  test. 
The  floating  dock  has  stood  this  test  well,  veri- 
fying in  every  particular  the  scientific  calculations 
of  its  projectors.  Casual  visitors  to  the  dockyard 
during  the  past  year  may  have  observed  larg-e  iron 
bridges  growing  plate  by  plate  until  like  ships  l*-20 
ft.  long.  They  weighed  about  50  tons  each,  and 
were  run  out  on  rollers  with  ease.  One  end  was 
attached  to  a  strong  weighted  platform  on  shore, 
the  other  end  supported  on  lighters  ready  to  be 
hooked  on  the  dock  so  as  to  rise  and  fall  with  it. 
Two  of  these  bridges  are  hooked  on  to  the  side  and 
one  to  the  end  of  the  dock,  keej>ing  it  steady  in  its 
place ;  and  from  these  gangways  or  bridges  arise 
strong  commodious  ladders,  by  which  workmen 
can  speedily  and  safely  reach  all  parts  of  the  great 
structure.  On  Saturday,  the  11th  of  May.  the  ship 
was  moved  across  the  Camber,  and  on  Tuesday, 
the  14th,  when  everything  was  ready,  the  ship  was 
placed  in  the  rear  of  the  dock,  pointing  fairly  to- 
wards its  central  line.  Steam  capstans  in  the  dock 
assisted  the  ship's  capstans.  There  were  two 
hawsers  over  her  bows,  one  over  each  quarter,  one 
right  ahead,  and  a  checking  hawser  right  astern. 
Each  of  these  was  diligently  and  skilfully  attend- 
ed to  by  competent  officers,  and,  thus  tenderly 
guided,  she  moved  in  majestically,  her  keel  being 
exactly  over  the  central  line  of  blocks  ranged  along 
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the  bottom  of  the  dock,  on  which  her  huge  bottom 
was  presently  to  rest.  The  dock  was  then  allowed 
to  rise  enough  to  touch  gently  first  one  end  and 
then  the  other  of  the  ship's  keel,  with  just  suffi- 
cient pressure  to  prevent  the  least  lateral  motion. 
The  ship  at  this  moment  was  drawing  25  ft.  Strong 
timber  shores  were  fixed  all  round  the  top  sides. 
The  dock  was  then  allowed  to  rise  gradually  about 
10  ft.  The  caissons  were  placed  in  position,  the 
ship  being  in  15  ft.  water.  The  work  of  shoring  up 
followed  the  subsiding  of  the  water,  which  was 
allowed  to  run  into  the  bottom  of  the  dock,  so  as 
to  carefully  counterpoise  the  whole  load,  keeping 
exactly  level.  A  close  examination  of  the  ship 
showed  that  the  whole  of  the  false  keel  was  gone, 
bolts  and  all  cut  clean  away.  It  had  served  the 
purpose  for  which  it  was  put  on  by  protecting  the 
ship's  keel  from  abrasion.  The  lower  part  of  the 
bilge  pieces  were  much  rubbed,  small  patches  of 
copper,  broken  away  in  parts,  and  some  galvanic 
destruction  of  the  Muntz's  metal  was  apparent 
where  the  rust  of  the  iron  plating  drained  through 
the  sheathing  of  wood  ;  the  copper  was  remarkably 
clean,  and  the  planking  perfectly  sound  and  good. 
The  quiet  manner  in  which  this  important  opera- 
tion was  performed,  without  the  slightest  accident, 
confusion,  or  interruption,  reflects  the  highest  cred- 
it on  all  concerned  in  it,  particularly  Mr.  Barnaby, 
who  came  out  in  the  dock  nearly  three  years  ago, 
and  has  directed  all  works  which  have  led  to  this 
triumph  of  mind  over  matter,  giving  complete 
effect  to  the  wonderful  design  in  which  the  neces- 
sary forces  are  borrowed  from  nature,  on  the  true 
hydrostatic  principle  of  making  the  water  to  work 
for  instead  of  against.  There  was  no  pumping ; 
the  fluid  was  simply  sent  where  its  weight  was 
wanted,  and  removed  from  places  where  it  was 
superfluous. 
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REPORT  ON  THE  FABRICATION  OP  IRON  for 
Defensive  Purposes  and  its  Uses  in  Modem 
Fortifications,  especially  in  Works  of  Coast  De- 
fence.    Washington :  Government  Printing  Office. 

This  is  one  of  the  later  professional  papers  of 
the  Corps  of  Engineers  of  the  United  States  Army. 

In  June,  1870,  Brevet  Major-General  Barnard, 
Colonel,  and  H.  G.  Wright,  Lieut.-Colonel  of  the 
Corps  of  Engineers,  and  Brevet  Lieut.-Col  P.  S. 
Michie,  U.  S.  Eng.,  were  directed,  by  order  of  the 
Secretary  of  War,  to  proceed  to  England,  France, 
Belgium,  Prussia  and  Russia,  for  the  purpose  of 
collecting  information  upon  the  subject  fully  set 
forth  in  the  above  title. 

The  report  of  this  Commission  is  embodied  in  a 
handsome  quarto  of  230  pages,  and  largely  illus- 
trated by  folding  plates  and  cuts  in  the  text. 

A  brief  glance  at  the  leading  features  of  the 
report  will  serve  to  convey  an  idea  of  the  nature 
of  the  labor  performed  by  the  Commission,  and  its 
value  and  interest  not  only  to  military  men,  but  to 
scientific  readers  everywhere. 

The  problems  which  military  engineers  have  pre- 
sented for  solution  are  in  general  so  widely  different 
from  those  that  claim  the  attention  of  their  civil 
brethren,  that  there  se3m  to  be  but  few  topics  of 
interest  common  to  both  orders  of  the  profession. 
In  past  times  both  used,  to  be  sure,  the  same  or 
similar  materials  in  solving  their  practical  prob- 


lems ;  but  for  widely  different  purposes,  and  to 
provide  for  the  resistance  of  forces  so  different  in 
their  action  that  no  common  measure  of  them  was 
suggested  to  the  average  scientific  mind. 

The  masonry  designed  to  receive  the  impact  of 
a  cannon  ball,  as  in  a  fort,  and  the  masonry  which 
was  built  to  resist  the  wear  and  push  of  a  running 
stream,  might  with  propriety  be  of  the  same  rock 
material,  but  it  is  evident  that  the  problems  pre- 
sented in  the  two  cases  are  so  unlike  that  there 
seem  to  be  no  data  belonging  equally  to  both. 

In  these  later  times,  however,  when  a  single 
material  is  being  employed  for  such  widely  differ- 
ent purposes,  and  when,  moreover,  the  railway, 
with  its  rectangular  truss  bridge,  has  become  an 
important  aid  to  army  movements ;  when,  on  the 
other  hand,  pile  foundations  are  driven  by  gun- 
powder, it  would  seem  as  though  the  time  were 
approaching  in  which  the  labor  of  the  Military 
and  Civil  Engineer  would  differ  only  in  the  final 
objects  to  be  attained,  and  not  in  the  process  of 
accomplishing  them.  The  ground  on  which  they 
work  in  common  is  widening  daily.  In  the  man- 
ufacture and  use  of  iron  for  whatever  purpose,  en- 
gineers everywhere  now  feel  a  vital  interest,  and 
all  experiments  which  tend  to  add  to  our  knowl- 
edge of  the  capabilities  of  this  precious  metal  to 
resist  forces  of  any  kind,  are  regarded  with  equal 
interest  by  artillerist  and  bridge  builder. 

The  most  cursory  glance  at  the  work  before  us 
assures  us  that  the  labor  of  the  Commission  was 
most  thoroughly  done,  and  the  record  of  their  labor 
was  under  the  direction  of  a  master  in  scientific 
investigation. 

The  Commission  began  their  investigation  with 
English  offensive  and  defensive  structures.  The 
questions  which  had  vexed  the  military  mind  in 
that  country  when  first  adopting  iron  in  the  con- 
struction of  their  defences  is  thus  set  forth  in  the 
early  pages  of  the  report : 

"  The  great  modifications  which  these  changes 
must  introduce  in  the  construction  of  sea-coast 
batteries  was  not  foreseen.  Nevertheless,  before 
any  considerable  progress  in  its  actual  execution 
could  be  made,  the  necessity  of  modifications  be- 
came obvious.  That  iron  must  be  substituted  for 
masonry  wherever,  as  in  the  walls  of  casements,  it 
had  been  customary  to  expose  the  latter  to  the  di- 
rect fire  of  ships'  guns,  was  at  once — perhaps  too 
readily — admitted.  What  the  character  of  iron 
construction  should  be  was  far  less  easily  arrived  at. 
Should  it  be  of  bars  or  beams  or  of  plates?  If  of  the 
latter,  should  the  shield  or  covering  mass  be  made 
up  of  one  or  more  very  thick  plates,  or  of  numerous 
thin  ones  ?  Should  these  be  rolled  or  hammered  ? 
How  should  they  be  fastened  to  each  other  and 
their  supports  ?  Should  masonry  be  excluded  en- 
tirely from  the  fronts  of  casemated  batteries,  or 
might  it  not  still  be  employed  in  combination  with 
the  iron  ?  While  the  English  have  the  advantage 
of  having  all  these  questions  started  before  their 
structures  were  so  much  advanced  as  to  be  incapa- 
ble of  the  requisite  modifications,  yet,  on  the  other 
hand,  they  have  the  disadvantage  of  being  com- 
pelled to  go  on  with  construction  without  waiting 
for  their  final  solution." 

Besides  the  description  of  the  forts  and  their 
equipments,  which  occupies  considerable  space  in 
the  report,  the  process  of  making  and  testing 
armor  plates  and  bolts  is  particularly  valuable  as 
well  as  interesting. 
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Of  course  it  was  to  be  expected  that  in  Eng- 
land the  Commission  would  find  the  works  that 
would  occupy  a  large  share  of  their  attention ; 
and  it  is  in  this  part  of  the  work  consequently 
that  the  description  involves  the  details  of  the 
metallurgical  processes,  as  well  as  other  processes 
and  implements  employed  in  the  manufacture  of 
iron  armor  and  iron  and  steel  guns. 

In  Prussia  the  Commission  found  that  no  direct 
application  of  iron  to  harbor  defence  had  yet  been 
made.  Some  plans  of  arranging  and  protecting 
casemates  had  been  projected,  and  our  party  wit- 
nessed the  results  of  some  tests  to  which  the  pro- 
posed improvements  had  been  subjected.  Several 
full-page  plates  illustrate  this  portion  of  the 
report. 

In  Austria  nothing  described  bears  directly 
upon  the  use  of  iron  in  fortification.  The  con- 
struction of  the  works  at  Pola  is  briefly  explained, 
and  the  fact  recorded  that  the  Austrian  engineers  as 
yet  "  use  no  iron  in  their  defences,  considering  it 
too  expensive,  and  that  the  results  thus  far  de- 
veloped by  experiment  in  various  countries  are  not 
altogether  satisfactory." 

In  Belgium  the  extent  of  iron  construction  in 
fortifications  is  limited  to  a  light  turret  upon  a 
land  fort.  The  general  plan  of  the  defences  is, 
however,  described  and  illustrated  by  maps. 

The  construction  of  torpedoes  forms  the  subject 
of  a  chapter.  Artillery  naturally  occupies  a  large 
space  in  the  record  of  the  labors  of  the  Commission. 
The  "  battle  of  the  guns,  as  a  recent  writer 
termed  it,  was  already  begun,  and  indeed  is  yet 
being  waged.  Its  stage  of  progress  two  years  ago 
is  not  completely  recorded  so  far  as  text  and  plate 
can  do  it. 

A  chapter  on  "  Naval  Defensive  Construction" 
is  devoted  to  a  detailed  description  of  the  vessels 
designed  especially  for  defence  of  coasts. 

"  General  Remarks  on  Fortification"  closes  the 
report  proper.  This  chapter  furnishes  quite  a  com- 
plete treatise  on  fortifications,  containing  besides,  a 
description  of  the  system  now  in  course  of  con- 
struction in  Belgium. 

The  appendix,  or  rather  appendices  to  the  re- 
port, for  there  are  eleven  diiferent  sections,  bear 
titles  as  follows : 

I.  Manufacture  of  Broad  Armor  Plates. 

II.  Iron  Concrete  Backing. 

III.  Memoranda  on  the  Condition  of  Magazines 
and  other  buildings  covered  with  earth,  in  respect 
to  dampness. 

IV.  Record  of  Experiments  at  Gilliskie  Battery, 
1868-69. 

V.  Memoranda  of  Experiments  on  the  Accuracy 
aud  Rapidity  of  Fire  from  Heavy  Guns  against 
Moving  Objects. 

VI.  Report  of  the  Experimental  Firing  against 
Gruson  Casemate. 

VII.  Resume  of  the  Prussian  Report  on  the 
Experimental  Firing  against  Armor  Construction 
in  England,  1868. 

VIII.  Muzzle  Pivoting  Carriages. 

IX.  The  35-Ton  Gun. 

X.  The  Harvey  Torpedo. 

XI.  The  Progress  that  has  been  made  in  the 
Application  of  the  Moncrieff  system  to  Garrison, 
feiege,  and  Naval  Ordnance,  and  to  Coast  Works. 

These  separate  chapters  are  of  materials  gather- 
ed from  various  sources,  and  serve  to  show  how 
wide  a  range  of  subjects  were  necessarily  consider- 


ed in  fulfilling  the  instructions  of  the  War  Depart- 
ment, and  indicate,  moreover,  quite  as  clearly  how 
wide  a  range  of  professional  knowledge  was  repre- 
sented in  this  numerically  small  Commission. 

We  recognize  throughout  the  report  the  handi- 
work of  the  senior  officer  of  the  Commission,  Maj- 
Gen.  Barnard.  One  of  the  most  prominent  among 
military  engineers  in  America,  he  is  no  les3  a  civil 
engineer  of  the  highest  culture.  There  is  no 
theoretical  investigation  so  learned  and  labored 
but  that  he  follows  it  with  interest  and  delight 
when  it  affords  information  on  the  subject  he  is 
pursuing,  and  as,  this  report  indicates,  there  are  no 
minutiee  of  detail  in  construction  so  small  but  that 
he  observes  and  takes  them  into  account. 

Spectrum  Analysis  in  its  Application  to 
Terrestrial,  Substances,  and  the  Physi- 
cal Constitution  op  the  Heavenly  Bodies. 
Familiarly  explained  by  Dr.  H.  Schellen. 
Translated  from  the  second  London  edition  by 
Jane  &  Caroline  Lassell,  and  edited  with 
Notes  by  William  Huggins,  F.  R.  S.,  etc. 
London,  1872  :  Longmans.  For  sale  by  Van 
Nostrand. 

Any  discovery  in  science  has  a  multiform  value, 
and  its  bearings  upon  the  various  classes  of  men 
and  upon  the  world  at  large  are  many  and  widely 
discrepant.  Each  class  is  enabled  by  its  nature  to 
get  but  one  special  kind  of  improvement  from  any 
given  achievement  in  the  scientific  world,  and  as 
use  is  the  ultimate  aim  of  scientific  thought,  it  is  a 
matter  for  congratulation  that  the  leading  re- 
searches of  the  present  day  reach  so  large  an  audi- 
ence. 

The  subject  of  light  is  one  peculiarly  adapted  to 
impress  the  very  largest  class  of  persons,  since  an 
extensive  knowledge  of  its  phenomena  and  proper- 
ties may  be  had  by  experimental  means  alone,  and 
since  such  experiments  are  always  striking  and 
brilliant.  The  purely  mathematical  treatment  of 
light  or  heat  or  sound  will  be,  by  its  nature,  repul- 
sive to  the  majority  of  men,  and,  though  of  the 
highest  value  educationally,  is  still  not  of  the  wid- 
est. An  instance  of  this  fact  is  to  be  found  in  the 
effect  of  the  discovery  of  the  planet  Neptune,  by 
Adams  &  Le  Verrier.  No  scientific  fact  was  more 
widely  known  and  none  was  more  wondered  at ; 
but  the  value  of  the  discovery  was  confined  to  a 
very  small  body  of  scientists  who  were  able  to  fol- 
low the  solution  of  the  problem  of  "  inverse  pertur- 
bations," while,  as  Ave  said,  to  the  mass  of  men, 
the  effect  produced  was  of  wonder  merely.  Now, 
wonder  and  admiration  are  not  supremely 
valuable  as  means  of  education;  and  it  is  just  for 
this  reason  that  the  appreciation  of  the  higher 
researches  in  astronomy  must  ever  be  confined  to 
those  who  can  read  with  intelligence  the  grand 
memoirs  of  LagTauge  and  La  Place,  of  Hamilton  and 
Pierce.  But  "  the  new  analysis,"  as  its  friends  are 
fond  of  calling  it — spectrum  analysis — contains  no 
result,  however  grand,  which  may  not  be  reached 
with  a  little  attention  by  any  one,  and  its  chief 
value  as  a  means  of  education  is  largely  due  to  this 
fact. 

Although  the  spectrum  analysis  is  of  compara- 
tively recent  date  (1860  ,  yet  it  has  already  a  large 
literature,  and  this  is  put  in  an  easily  accessible 
form. 

"  Roscoe's  Spectrum  Analysis''  (New  York. 
1869  :    D.  Appleton  &  Co.)   states   the  principal 
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features  of  its  application  to  terrestrial  substances 
very  clearly,  and  the  logic  of  Kirchhoff's  hypothe- 
sis as  to  the  constitution  of  the  sun  is  admirably 
set  forth.  The  elements,  too,  of  celestial  spectro- 
scopy are  there  given  in  the  form  of  extracts  from 
original  papers  by  Huggins  and  Miller.  But  such 
has  been  the  growth  of  this  branch  of  knowledge 
that  since  1869  almost  a  new  department  has  been 
added,  viz.,  the  constitution  and  theory  of  the  solar 
protuberances.  The  results  of  this  study  are  given 
with  exactness  by  Prof.  Young  of  Dartmouth 
College,  in  a  small  pamphlet  on  "  The  Sun  and  the 
Phenomena  of  its  Atmosphere."  (New  Haven  •: 
Chatfield,  1872.)  The  methods  by  which  the 
wonderful  results  were  reached  have  been  hidden 
in  the  pages  of  proceedings  of  scientific  societies 
until  the  publication  of  this  manual  by  Schellen, 
the  English  translation  of  which  renders  it  easy 
even  to  those  possessed  of  no  apparatus  to  follow 
the  most  elevated  thoughts  of  spectroscopists.  Its 
title  sufficiently  indicates  its  general  scope ;  but 
even  a  scientist  will  be  suprised  to  find  the  vast 
number  of  useful  facts  and  processes  which  are 
there  given.  It  would  be  easy  to  step  from  an  at- 
tentive reading  of  this  book  to  an  intimate  practi- 
cal knowledge  of  the  working  of  the  spectroscope  ; 
so  admirable  are  its  explanations  of  processes  and 
so  full  are  its  drawings  of  the  various  instruments 
and  parts  of  instruments.  The  discussion  of  the 
subject  of  the  hydrogen  atmosphere  about  the  sun 
is  peculiarly  clear,  and  the  fine  colored  plates  of  its 
varied  forms  as  observed  by  Respighi  and  Young, 
ought  to  make  this  very  delicate  observation  intel- 
ligible even  to  those  who  have  never  used  the 
spectroscope.  There  is  wanting  in  this  book,  how- 
ever, that  beautiful  sequence  which  makes  the 
essays  of  some  of  our  modern  scientists  so  delight- 
ful even  when  considered  from  their  literary  side 
alone.  Most  of  the  theory  is  clear,  and  expresses 
what  the  author  desires  to  convey,  though  in  many 
cases  he  differs  with  the  highest  authorities.  The 
notes  of  the  editor,  Dr.  Huggins,  are  usually  very 
valuable,  though  here  and  there  there  occur  over- 
sights which  might  well  be  corrected.  On  page 
125  there  is  noticed  a  form  of  indicator  for  regis- 
tering- the  position  of  the  lines  during  an  eclipse  or 
at  any  other  time,  and  the  credit  of  devising  the 
form  seems  to  be  given  to  the  optician  Grubb.  A 
very  brief  account  of  Prof.  Winlock's  similar 
method  of  registering  these  lines  is  given;  but  it 
would  seem  to  have  been  more  explicit  to  have 
stated  that  Prof.  "Winlock's  plan  was  described  in 
England  by  Prof.  Pierce  some  time  before  the  con- 
struction of  Grubb 's  apparatus.  Again,  on  page 
185,  in  the  description  of  the  automatic  spectro- 
scope the  fact  that  Browning's  form  of  it  is  due  to 
Mr.  Rutherford,  of  New  York,  is  not  definitely 
stated,  although  a  reference  is  made  to  the  latter 
astronomer,  which  would  lead  us  to  imagine  the 
Browning  form  an  improvement  upon  his.  On 
page  406  a  mention  is  made  of  lines  perpendicular 
to  the  Erauenhofer  lines  which  occur  occasionally 
in  the  neighborhood  of  a  solar  spot.  Such  lines 
are  so  readily  formed  by  dust  on  the  edges  of  the 
slit  that  it  is  difficult  to  believe  them  to  have  had 
any  other  origin.  We  have  not  space  to  refer  in  de- 
tail to  the  account  given  by  our  author  of  the 
corona  spectrum,  of  eclipses,  of  cometic,  and  neb- 
ulous spectra ;  but  we  may  say  that  no  more  com- 
plete description  is  in  print,  and  that  the  book  is 
really  one  which  no  investigator  can  afford  to  be 


without,  while  to  those  in  search  of  general  knowl- 
edge upon  the  subject  it  is  simply  invaluable. 
Perhaps  it  is  least  full  upon  the  matter  of  terres- 
trial spectroscopy ;  but  this  is  the  less  to  be  felt, 
as  the  work  of  Roscoe  (mentioned  above1)  amply 
supplies  its  deficiencies.  E.  S.  H. 

The  Principles  and  Practice  op  Canal 
1  and  River  Engineerlng.  By  David  Ste- 
venson, E.R.S.E.  Edinburgh :  A.  &  C.  Black. 
1872.     Eor  sale  by  Van  Nostrand. 

To  those  interested  in  river  navigation  we  do 
not  know  that  we  can  point  out  a  better  source  of 
information  than  the  second  edition  of  Mr.  David 
Stevenson  s  treatise  on  "  Canal  and  River  Engineer- 
ing. ' 

As  to  inland  and  ordinary  canal  engineering, 
the  book  is  meagre  and  poor  in  instruction,  but 
upon  the  question  of  river  improvements  it  is  rich 
in  information,  derived,  apparently,  from  personal 
experience,  and  given  tentatively  and  modestly. 

The  author  divides  rivers  into  three  compart- 
ments: 1,  (going  upwards  from  the  sea)  there  is 
the  sea  proper  compartment ;  2,  the  tidal  compart- 
ment ;  and  3,  the  river  proper.  "  These  three  com- 
partments possess  very  different  physical  charac- 
teristics. The  presence  of  unimpaired  tidal  phe- 
nomena in  the  lowest;  the  modified  flow  of  the 
tide  ( produced  by  the  inclination  of  the  river  s 
bed)  in  the  intermediate;  and  the  absence  of  all 
tidal  influence  in  the  highest  compartment." 

Ship  canals  he  separates  into  three  classes,  and 
considers  each.  They  are — 1.  Those  which  on  their 
route  from  sea  to  sea  traverse  high  districts,  sur- 
mounting the  elevation  by  locks  supplied  by  natu- 
ral lakes  or  artificial  reservoirs,  such  as  the  Langue- 
doc  Canal  in  Erance,  and  the  Caledonian  Canal. 
2.  Those  in  low-lying  districts,  which  are  carried 
on  a  uniform  water-level  from  end  to  end,  and 
are  defended  against  the  inroad  of  the  sea  at  high- 
water  by  double-acting  locks,  which  also  retain 
the  canal-water  at  low  tide,  such  as  the  canals  of 
Holland  and  other  low-lying  countries.  3.  Canals, 
of  which  the  Suez  is  the  only  example  yet  made 
without  locks  at  either  end,  and  communicating 
freely  with  the  sea,  from  which  it  derives  its  water 
supply. — Civil  Engineer's  Journal. 

A  Pocket  Dictionary  op  Technical  Terms 
Used  in  Arts  and  Manufactures.  Abridg- 
ed from  the  Technological  Dictionary  of  Rumpp, 
Mothes  and  Unverzagt,  with  the  addition  of 
Commercial  Terms.  Three  volumes,  German-Eng- 
lish-French, English-German-French,  and  French- 
German-English.  New  York :  For  sale  by  Van 
Nostrand.  Price  for  the  three  volumes,  unbound, 
$3.25. 

Every  engineer,  technologist,  scientific  inquirer 
or  practical  mechanic  or  manufacturer  who  at- 
tempts to  follow  the  literature  of  his  business  in 
other  languages  than  his  own,  is  perpetually  em- 
barrassed by  the  inadequacies  of  ordinary  diction- 
aries for  the  translation  of  technical  terms.  Such 
works  as  the  one  before  us  are  indispensable  to  the 
student  who  means  to  go  deeper  than  the  surface, 
and  to  keep  pace  with  the  progress  of  foreign 
countries.  This  dictionary  we  have  found  very 
satisfactory  in  contents  and  plan.  It  is  printed  in 
fine  but  clear  and  new  type,  and  its  price  is  sur- 
prisingly low.  The  volumes  are  small  quartos  in 
form,  and  about  1£  inches  each  in  thickness. 
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CONDUCTIVITY  OF  MEKCUEY. 

By  CAPTAIN  JOHN  ERICSSON. 
From  "Nature." 


It  "was  shown  in  a  previous  article*  that 
solar  intensity  cannot  be  accurately  ascer- 
tained by  the  therraoheliometer  employed 
by  Pere  Seccki,  owing,  among  other  causes, 
to  the  imperfect  conductivity  of  the  mercury 
in  the  bulb  exposed  to  the  sum  Meteorolo- 
gists, however,  do  not  generally  accept  the 
assumption  that  the  conducting  power  of 
mercury  is  so  imperfect  as  to  affect  materi- 
ally the  correctness  of  the  indication  of 
mercurial  thermometers,  Deschanel  being 
quoted  in  support  of  the  opinion  that  mer- 
cury is  not  an  imperfect  conductor.  We 
are  reminded  that  Prof.  Everett,  in  a  recent 
translation  of  the  works  of  the  author  men- 
tioned, assumes  that  the  conductivity  of 
quicksilver  in  the  bulb  of  a  thermometer  is 
the  same  as  a  vessel  "  with  thin  metallic 
sides  containing  water  which  is  stirred"  (see 
Prof.  Everett's  translation  of  "  Deschanel' s 
Natural  Philosophy,"  Part  II.,  pp  245-387). 
The  subject  is  so  intimately  connected  with 
the  determination  of  solar  temperature  and 
solar  energy,  that  it  has  become  indispensa- 
ble to  settle  the  question  by  some  thorough 
practical  test.  Accordingly  an  apparatus, 
represented  by  the  accompanying  illustra- 
tion has  been  constructed  by  the  writer  to 
ascertain  the  conductivity  of  mercury.  Be- 
fore entering  on  a  description,  it  will  be  in- 
structive to  point  out  that  the  heat  commu- 
nicated to  the  bulb  of  a  thermometer  by 

*  See  Magazine  Vol.  VI. ,  p.  499. 
Voi.  VII.— Xo.  4-22 


solar  radiation  is  transmitted  to  its  contents 
chiefly  by  convection,  hence  that  the  altitude 
of  the  sun  during  the  observation  influences 
the  accuracy  of  the  indication.  This  will 
be  readily  comprehended.  Fig.  2  repre- 
sents the  bulb  of  a  thermometer  exposed  to 
the  rays  when  the  sun's  zenith  distance  is 
65  deg.;  Pig.  3  representing  the  bulb  when 
the  zenith  distance  is  18  deg.  23  min.,  the 
latter  being  the  minimum  at  the  observatory 
of  the  Roman  College,  where  the  thermo- 
heliometer  has  been  long  employed  for  the 
purpose  of  ascertaining  the  intensity  of  solar 
radiation.  Referring  to  Fig.  2,  it  will  be 
seen  that  the  blank  crescent,  c,  whose  vary- 
ing thickness  indicates  very  nearly  the 
amount  of  heat  imparted  at  each  point  of 
the  spherical  surface  presented  towards  the 
sun,  occupies  an  almost  vertical  position. 
The  mercury  contained  within  the  space  in- 
dicated by  the  said  crescent,  having  its  spe- 
cific gravity  reduced  by  the  radiant  heat, 
will  ascend  ;  while  the  mercury  on  the  op- 
posite side,  which  retains  its  specific  gravity, 
will  descend;  thus  a  circulation  will  be  es- 
tablished by  means  of  which  the  heat  re- 
ceived from  the  sun  will  be  gradually  com- 
municated to  the  entire  mass  of  mercury  in 
the  bulb.  But,  when  the  latter  is  exposed 
to  the  sun's  rays  under  a  zenith  distance  of 
about  18  deg.,  as  shown  in  Fig.  3,  the  heat- 
ed mass  of  mercury  contained  within  the 
crescent,  a,  has  so  slight  an  inclination  that 
scarcely  any  circulation  takes  place.     Con- 
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sequently,  if  it  can  be  shown  practically 
that  mercury  is  incapable  of  transmitting 
heat  from  particle  to  particle  with  sufficient 
velocity,  it  will  be  evident  that  thermome- 
ters and  thernioheliometers  with  spherical 
bulbs  are  worthless  as  means  of  measuring 
the  intensity  of  solar  radiation.  It  will  be 
perceived  that  if  the  bulb  in  Fig.  3  be  sur- 
rounded by  an  enclosure,  as  in  the  thermo- 
heHometer,  the  mercury  contained  within 
the  space  indicated  by  the  crescent,  b,  will 


radiate  far  less  heat  towards  such  enclosure 
than  the  mercury  within  the  opposite  heated 
crescent,  a.  It  will  also  be  perceived  that 
by  increasing  the  size  of  the  bulb,  the  trans- 
mission of  heat  from  a  to  b  will  be  retarded 
unless  the  conductivity  of  mercury  be  per- 
fect. Hence  the  size  of  the  bulb  is  an  ele- 
ment affecting  the  accuracy  of  the  indication 
— a  circumstance  fatal  to  the  employment 
of  a  spherical  bulb  in  the  thermoheliom- 
eter. 


tta.3 


The  nature  of  the  illustrated  apparatus 
constructed  for  the  determination  of  the 
conductivity  of  mercury  will  be  readily  un- 
derstood from  the  following  description  :— 
Fig.  1  (frontispiece)  represents  a  longitudi- 
nal section  through  the  vertical  plane.  ^  a 
is  a  boiler,  with  a  flat  bottom  and  semicir- 
cular ends,  supported  on  two  columns,  f  and 
^resting  on  the  bottom  of  the  cisterns,  c 


and  d.  The  column,  f,  is  composed  of 
wrought  copper  plated  with  silver,  highly 
polished.  The  column,  g,  consists  of  a  cy- 
lindrical vessel  of  glass  open  at  the  top,  fill- 
ed with  mercury,  and  surrounded  with  a 
socket,  h,  composed  of  polished  silver.  The 
cisterns,  c  and  d,  supported  on  non-conduct- 
ing substances,  are  plated  with  polished  sil- 
ver, and  provided  with  funnel-shaped  open- 


CONDUCTIVITY   OF   MERCURY. 


330 


ings  at  the  top,  through,  which  thermometers 
are  inserted.  These  cisterns,  as  well  as  the 
eolumns,  f  and  g,  are  surrounded  with  non- 
conducting coverings,  p,  p  and  o,  o.  A 
lamp,  b,  is  applied  between  the  cisterns  for 
heating  the  water  in  the  boiler.  It  is 
scarcely  necessary  to  observe  that  the  pol- 
ished silver  plating  of  the  copper  column, 
and  the  polished  silver  socket  round  the 
mercurial  column,  are  intended  to  prevent 
loss  of  heat  by  radiation,  while  the  cover- 
ings before  mentioned  are  intended  to  pre- 
vent loss  of  heat  by  convection  attending 
atmospheric  currents.  The  inside  diameter 
of  the  cylindrical  vessel,  g,  it  should  be  no- 
ticed, is  0.5  in.,  corresponding  exactly  with 
the  diameter  of  the  copper  column,  f,  the 
top  of  which  is  on  a  level  with  that  of  the 
mercurial  column.  The  lines,  k  I  and  m  n, 
are  in  the  same  horizontal  plane,  their  dis- 
tance below  the  upper  ends  of  the  columns, 
f  and  g,  being  precisely  2  in. 

The  object  of  the  apparatus  being  that  of 
comparing  the  conductivity  of  mercury  to 
that  of  some  other  metal,  copper  has  been 
selected,  as  its  conducting  property  is  better 
known  than  that  of  any  other.  The  lead- 
ing feature  of  the  arrangement  will  be  com- 
prehended by  a  mere  glance  at  the  illustra- 
tion. An  equal  amount  of  heat  being  ap- 
plied to  each  column,  it  is  intended  to  show 
by  the  elevation  of  the  temperature  of  the 
water  in  the  cisterns,  c  and  d,  what  relation 
exists  between  the  conductivity  of  mercury 
and  copper.  Regarding  the  application  of 
the  heat,  it  will  be  evident  that  an  equal 
amount  must  infallibly  be  imparted  to  each 
column  if  the  lamp  be  sufficiently  powerful 
to  keep  the  water  in  a  state  of  continuous 
ebullition.  Obviously  the  heat  from  the 
lamp,  if  urged,  will  cause  a  rapid  upward 
motion  of  the  water  in  the  middle  of  the 
boiler,  and  a  correspondingly  rapid  descend- 
ing current  at  each  end.  Accordingly,  lat- 
eral currents,  varying  in  velocity  with  the 
strength  of  the  flame,  applied  under  the 
boiler,  will  flow  inwards  over  the  upper  ends 
of  the  columns,  f  and  g. 

Several  experiments  have  been  made  un- 
der varying  barometric  pressure  and  differ- 
ent atmospheric  temperature,  but  the  re- 
sults as  regards  the  comparative  conductivity 
of  mercury  and  copper  have  proved  to  be 
very  nearly  alike  in  all.  The  accompanying 
tables  record  the  result  of  the  last  trial, 
conducted  as  carefully  as  practicable.  The 
headings  of  the  several  columns  explain  so 
clearly  the  object  of  the  tables  that  it  will 


only  be  necessary  to  state  that  the  energy 
inserted  in  the  fourth  column  is  the  energy 
developed  from  the  beginning  of  the  exper- 
iment. 

Referring  to  Table  L,  it  will  be  seen  that 
at  the  termination  of  4  min.  from  the  com- 
mencement of  the  experiment,  the  temper- 
ature of  the  water  in  the  cistern,  e,  had  in- 
creased 29.06  deg.,  the  differential  temper- 
ature being  then  212  deg.  —  102.50  deg.  = 
109.44  deg.  During  the  same  period  a  dy- 
namic energy  represented  by  2.525  thermal 
units  had  been  transmitted  past  the  line,  k 
I,  communicated  to  (1)  the  water  in  the  cis- 
tern ;  (2)  the  part  of  the  copper  column  im- 
mersed ;  (3)  the  metal  composing  the  cis- 
tern; (4)  the  immersed  part  of  the  ther- 
mometer. But,  while  the  entire  energy 
transmitted  past  the  fine,  k  I,  during  the  4 
min.  thus  amounted  to  only  2.525  units,  the 
rate  of  transmission  was  actually  0.850  unit 
per  min.  at  the  termination  of  the  fourth 
minute.  This  apparent  discrepancy  was 
caused  by  the  heat  absorbed  by  that  part  of 
the  column  which  extends  above  the  line, 
Jc  I,  the  temperature  at  the  commencement 
of  the  experiment  being  the  same  as  that 
of  the  surrounding  air,  73.50  deg.  Refer- 
ring to  Table  II.,  it  will  be  seen  that  the 
energy  transmitted  through  the  mercurial 
column,  past  the  line,  m  n,  during  4  min., 
was  only  0.087  unit  against  2.525  units  for 
the  copper  column,  although  the  differential 
temperature  of  the  water  in  the  cistern,  <7, 
was  137.50  deg.  — 109.44  deg.=28.00  deg. 
higher  than  in  the  cistern,  c.  Accordingly,  the 
conductivity  of  the  copper  composing  the 
column,  f,  has  proved  to  be  2.525-^-0.087= 
29.06  times  greater  than  the  conductivity  of 
the  mercury  of  the  column,  g,  notwithstand- 
ing the  higher  differential  temperature  to 
which  the  latter  was  exposed.  It  will  be 
observed  that  the  glass,  0.02  in.  thick,  com- 
posing the  cylindrical  vessel  which  contains 
the  mercury,  will  conduct  some  heat  down- 
ward, tending  to  increase  the  temperature 
in  the  cistern,  d.  This  tendency,  however, 
will  be  balanced  by  the  loss  of  heat  occa- 
sioned by  the  radiation  of  the  glass  cylinder, 
since  the  application  of  the  polished  silver 
socket  and  the  non-conducting  covering 
cannot  wholly  prevent  the  refrigerating  ac- 
tion of  the  surrounding  air.  It  is  impor- 
tant to  observe,  regarding  the  loss  of  heat 
from  the  latter  cause,  that  the  cisterns,  pre- 
vious to  trial,  are  charged  with  water  of  the 
same  temperature  as  the  atmosphere.  Xow. 
considering  that  the  increment  of  tempera- 
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ture  in  the  cistern,  d,  does  not  average  more 
than  0.40  deg.  above  that  of  the  atmospheie 
during  the  trial,  it  will  he  evident  that  the 
amount  of  error  caused  by  radiation  will  be 
quite  inappreciable.  We  are  therefore 
warranted  in  concluding  that  the  conductiv- 
ity of  mercury,  determined  by  the  increment 
of  temperature  in  cistern,  d,  and  by  the 
dynamic  energy  transmitted  past  the  line, 


m  n,  cannot  be  far  from  correct.  It  will  be 
asked  why  columns  of  such  small  diameter 
have  been  employed.  The  principal  object 
has  been  that  of  presenting  a  sectional  area 
in  the  mercurial  column,  g,  corresponding 
as  nearly  as  possible  to  the  size  of  the  bulb 
of  an  ordinary  thermometer.  Regarding 
the  dimensions,  it  will  be  readily  admitted 
that  the  conductivity  of  mercury  might  have 


Table  I .  ■ —  Copper  Column. 


Time. 

Temperature 

of  water  in 

Cistern. 

Increment 

of 

Temperature 

in 

Cistern. 

Energy 

Transmitted 

past  h  I. 

Differential 

Temperature 

between 

Boiler  and 

Cistern. 

Energj'- 
Transmitted 

past  h  I 

per 

half  minute. 

Energy 

Transmitted. 

per  sq.  ft. 

■    per 

half  minute. 

Miu. 
0.5 

Fah. 

b 
73.50 
75.15 
77.25 
80.14 
83.84 
88.14 
92.81 
97.67 
102.56 

Fah. 

a 

1.65 
3.75 
6.64 

10.34 
14.64 
19.31 
24.17 
29.06 

Therm,  units. 

o'l43 
0.326 
0.577 
0.898 
1.272 
1.678 
2.100 
2  525 

Fah. 

138°  50 
136.85 
134.75 
131.80 
128.10 
123.80 
119.00 
114.25 
109.44 

Therm,  units. 

0.'l43 
0.183 
0.251 
0.321 
0.374 
0.406 
0  422 
0.425 

Therm,  units. 
104.873 

1.0 

134.208 

1.5 

184.078 

2  0 

235.415 

2.5 

274.284 

3.0 

3.5 

297.752 
309.486 

4.0 

311.686 

Table  II. — Mercurial  Column. 


Increment 

Differential 

Energy 

Energy 

Temperature 

of 

Energy 

Temperature 

Transmitted 

Transmitted 

Time. 

of  water  in 

Temperature 

Transmitted 

between 

past  m  n 

per  sq.  ft. 

Cistern. 

m 

past  m  n. 

Boiler  and 

per 

per 

Cistern. 

Cistern. 

half  minute. 

half  minute. 

Fah. 

Fah. 

Fah. 

Min. 

73°.  50 

b 

Therm,  units. 

■l38°50 

Therm,  units. 

Therm,  units- 

0.5 

73.52 
73  £6 

0.02 
0.06 

0.002 
0.005 

138.48 
138.44 

0  002 
0.003 

1  466 

1.0 

2.200 

1.5....   

73.64 

0.14 

0  012 

138  36 

0.007 

5.133 

2.0 

73.75 

0  25 

0.022 

138.25 

0.010 

7.334 

2.5 

73.90 

0.40 

0.035 

138.10 

0.013 

9.534 

3.0  

74  08 

0.58 

0.051 

137.92 

0.016 

11.734 

3.5 

74.28 

0.78 

0.068 

137.72 

0.017 

12.467 

4.0 

74.50 

1.00 

0.087 

137.50 

0.019 

13.934 

been  ascertained  with  greater  exactness,  if 
columns  of  very  large  sectional  area  had 
been  employed ;  but  the  trial  has  conclu- 
sively established  the  fact  that  mercury 
transmits  heat  from  particle  to  particle  too 
slowly  to  effect  a  sufficiently  rapid  indication 
of  mercurial  thermometers  provided  with 
spherical  bulbs ;  and  that,  when  the  heat 
is  applied  from  above,  the  indication  of  such 
thermometers  is  wholly  unreliable. 

A  subject  of  profound  interest  presents 
itself  in  connection  with  the  rate  of  trans- 
mission of  energy  exhibited  in  the  sixth 
column  of  Table  I.     It  will  be  seen  that  al- 


though the  copper  column,  f,  is  only  0.5  in. 
in  diameter  =0.19635  sq.  in.  section,  the 
rate  of  transmission  at  the  termination  of 
the  fourth  minute  is  0.850  unit  per  minute. 
Reducing  this  amount  to  the  usual  standard 
of  one  square  foot,  it  will  be  found  that  the 
energy  developed  is  144-^-0.19635X0.850 
=623  thermal  units  per  minute  for  a  sec- 
tional area  of  one  square  foot.  It  will  be 
observed  that  this  extraordinary  amount  of 
energy  (theoretically  capable  of  exerting 
623-^-42.7=14.5  horse-power)  is  called  forth 
by  the  moderate  differential  temperature  of 
212  deg.  -  102.56  deg.=109.44  deg.  Fahr. 


MECHANISM. 
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Now,  let  us  compare  the  energy  of  623 
thermal  units  per  minute  to  that  produced 
by  the  radiation  of  a  metallic  surface  coated 
with  lamp-black,  and  maintained  at  a  tem- 
perature of  212  cleg.,  within  an  enclosure  of 
102  deg.  Actual  trial  shows  that  under 
these  conditions,  the  radiant  energy  of  a 
blackened  plate  composed  of  copper,  con- 
taining 144  sq.  in.,  scarcely  reaches  6  ther- 
mal units  per  minute.     Our  experiment  has 


therefore  established  the  fact,  incidentally, 
that  under  the  stated  conditions,  a  plate  of 
wrought  copper  2  in.  in  thickness  is  capable 
of  transmitting  by  conduction  from  one  side 
to  the  other,  in  a  given  time,  an  amount 
of  mechanical  energy  more  than  one  hun- 
dred times  greater  than  the  mechanical 
energy  developed  by  the  radiation  of  the 
same  plate  during  an  equal  interval  of 
time. 


MECHANISM* 

By  the  Rev.  ARTHUR  RIGG,  M.  A. 
From  the  "Journal  of  the  Society  of  Arts. 


In  the  spring  of  the  year  1869,  a  course 
of  Cantor  lectures  was  delivered  in  this 
room  by  John  Anderson,  Esq.,  of  Wool- 
wich. The  subject  of  that  course  was 
"  Applied  Mechanics."  Mr.  Anderson 
•closed  those  lectures  with  the  following 
sentence: — "It  will  be  found  that  so  long 
as  any  of  Nature's  secret  laws  remain  un- 
explored, well-directed  irrepressible  thought 
will  alight  on  new  discoveries  one  after 
another;  and  to  the  endless  variations  of 
mechanical  combinations  there  is  practically 
no  limit."  To  some  of  the  elementary 
forms  of  "these  endless  variations  of  me- 
chanical combinations  "  our  attention  in  the 
present  course  of  Cantor  lectures  is  to  be 
directed.  It  may  appear  disheartening  to 
enter  upon  an  inquiry  whfch  at  the  outset  is 
said  to  consist  of  "  endless  variations  ;  "  but 
by  classification  and  division,  not  only  all 
the  inhabitants  of  the  world,  but  all  of 
which  the  world  itself  is  made,  and  even 
the  very  universe,  has  been  brought  under 
careful  and  minute  examination.  The  words 
— animal,  vegetable,  and  mineral — compre- 
hend the  world  and  its  inhabitants.  Divi- 
sion and  sub-division  have  so  placed  these 
that  those  with  similar  distinctive  features 
are  soon  classified  side  by  side. 

A  digression  upon  these  words  for  a  few 
minutes,  even  thus  early,  will  not  be  out  of 
place.  To  Aristotle,  who  was  born  about 
884  years  before  the  Christian  era  (he  died 
322  B.  C),  we  owe  much  in  respect  of  a  de- 
velopment of  the  system  of  classification  and 
division.  When  Aristotle  was  classifying 
natural  history,  and  seeking  for  some  dis- 
tinctive feature  by  which  to  distinguish 
men  from  every  other  animal  placed  in  the 
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same  class,  he  selected  for  him  a  name  ap- 
propriate at  this  day — he  called  man  "  a 
tool-making  animal ;  "  for  man  was  the 
only  animal  in  the  creation  that  made  tools 
for  his  own  special  purposes.  Had  Aris- 
totle lived  now,  how  much  more  appro- 
priately would  this  characteristic  have  ap- 
plied, and  yet  our  surroundings  might  have 
deprived  us  of  the  man ;  for  Aristotle  was 
appointed  tutor  to  a  youth  then  14  years  of 
age — that  youth  is  afterwards  known  in 
history  as  Alexander  the  Great ;  but  Lord 
Bacon,  in  his  "  Advancement  of  Learning," 
writing  of  Alexander  the  Great,  says,  "  that 
he  does  not  choose  to  consider  him  Alexan- 
der the  Great,  but  prefers  to  call  him  '  Aris- 
totle's pupil.'  "  In  these  days,  and  in  this 
country,  more  indebted  as  it  is  than  any 
other  in  the  old  hemisphere  to  the  scientific 
development  of  the  tool-producing  faculty, 
and  to  many  other  science  faculties,  we  may 
look  in  vain  for  such  encouragement.  Alex- 
ander did  not  forget  his  science  tutor,  for 
history  records  that  he  allowed  Aristotle 
800  talents  per  annum  (a  large  sum,  how- 
ever the  talent  may  be  estimated)  with 
which  to  prosecute  his  studies  in  natural 
history.  May  it  not  be  that  in  England  in 
the  present  generation  there  are  no  Aris- 
totles  because  there  are  no  Alexanders  ? 

By  a  like  law  of  broad  classification  we 
may  say  of  our  present  subject,  there  are 
two  marked  groups,  under  one  or  other  of 
which  may  be  arranged  all  our  mechanistic 
contrivances.  These  groupings  are  compre- 
hended in  the  words  structures  and  machines. 
The  considerations  which  present  themselves 

varv  considerable",  according  as  one  or  other 

...  . 

of  these  divisions  is  under  notice,  and  un- 
fortunately for  the  science  and  practice  of 
mechanics  in  the  full  acceptation  of  the  term 
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mechanics,  modern  usage  has  disjoined  what 
should  always  have  been  united.    The  class 
of  men  whose  business  requires  that  they 
should  attend  to  the  branch  called  structures 
disregard  the  branch  called  machines.     The 
compliment  is  repaid.    The  mind  of  the  man 
who  thinks  of  structures  is  ever  dwelling 
upon  contrivances  for  securing  stability  and 
perpetual  rest,  whereas  the  thoughts  of  the 
mechanical  engineer  dwell  upon  contrivan- 
ces for  securing  motion,  and  he  sometimes 
dreams  of  making  motion,  and  not  rest,  per- 
petual.    Although  each  of  these  men  look 
to  mechanical  aids   for  accomplishing  his 
purpose,  they  look  at  them  from  two  very 
different  stand-points,  and  in  very  different 
colored  lights.     The  man  who  deals  with 
structures  is  always  thinking  of  struts,  ten- 
sions, pressures  and  frictions,  and  he  adopts 
those  means  which  seem  most  likely  to  se- 
cure what  he  calls  stability  and  immobility. 
The  other  man  considers  that  to  put  the  ma- 
chine in  a  state  of  rest,  to  so  proportion  the 
powers  as  that  each  elementary  part  of  that 
machine  shall  be  in  equilibrium,  is  to  put  a 
machine   in  a  state    of   absolute   idleness. 
Now,  idle  machines,  like  idle  people,  do  us 
no  good  ;  they  destroy  themselves,  they  rust, 
they  in  fact  decay,  and,  to  borrow  the  phrase 
from  the  workshop,  we  may  say  of  idle  ma- 
chines  that  they  really   "  eat  their  heads 
off."     The  true  state  of  a  machine,  as  those 
who  are  concerned  with  them  know  well,  is 
a  state   of  motion.     So  completely  is  this 
idea  of  motion  impressed  upon  mechanists, 
that   rest   as    accomplished   by   struts  and 
stays  and  rods,  forms  no  part  of  the  mental 
employment  of   the  mechanician.     A  me- 
chanician has  no  faith  in  the  machine  re- 
quiring rest.     If   a  mechanician  wants  a 
piece  of  machinery  to  pause  in  its  work,  in 
order   that  another  part  of  that  machine 
may  go  through  some  operation  or  other, 
he  accomplishes  it  by  establishing  such  a 
relation  between  and  amongst  the  motions 
of  the  respective  parts  as  shall  produce  the 
result  he  requires.     As  two  waves  of  light 
or  of  sound  in  opposite  phases  produce,  by 
coalescing,  darkness  or  silence,  so  two  mo- 
tions can  be  so  mechanically  combined  as 
to  produce  absolute  rest.     The  owner  of  a 
machine    considers    a   machine   worthy   of 
room  on  the  floor  of  his  factory  only  so  long 
as  it  can  move  and  is  moving ;  and,  indeed, 
nowadays,  that  is  hardly  sufficient  for  man- 
ufacturers and  owners  of  machinery.     Ma- 
chines are  expected  to  be  not  only  diligent 
when  they  are  at  work,  but  to  go  back,  when 


they  have   done   their  work,  with  a  speed 
which  no  employer  has  ever  yet  considered 
too  great.     There  is  no  law  upon  a  laborer 
to  return  an  empty  spade  to  the  ground  at 
twice  or  three  times  the  speed  with  which 
he  lifts  a  full  one.     A  machine,  however,  is 
expected  to  do  this.     It  is  expected  when  it 
has  done  one  stroke  of  work,  literally  with- 
out turning  round,   to  run  backwards   at 
twice  or  thrice  the  velocity  at  which  it  does 
its  work  in  order  to  start  and  do  another 
stroke.  -  Nor  is  it  in  readiness  to  return  to 
its  work  at  an  increased  speed  that  any 
great  triumph   of  mechanistic   skill  is  no- 
ticed.    There  is  hardly  a  plan  or  device  for 
the  saving  of  bodily  labor,  nay,  there  is 
hardly  a  scheme  for  saving  mental  thought, 
that  mechanism  is  not  both  expected  and 
requested  to  undertake.     Mechanism  bur- 
rows in  the  earth,  it  builds  our  houses,  it 
conveys  us  by  land  and  by  water,  it  clothes 
us,  it  supplies  us  with  teeth,  it  will  even  do 
a  large  portion  of  the  work  of  digestion  if 
we  wish,  it  counts  for  us,  it  determines  the 
weight  of  our  gold  and  silver  coins,  accept- 
ing or  rejecting  those  coins,  as,  in  its  me- 
chanical judgment,  it  deems  best ;  and,  to> 
crown  all,  it  thinks  for  us ;  it  calculates,  it 
sets  up  its  own  type,  it  prints  its  own  calcu- 
lations, and  if  by  any  accident  it  makes  a- 
mistake,  it  rings  a  bell  and  tells  us  it  has. 
done  so. 

Thus  not  only  English  society,  but  all 
society  depends  upon  mechanism,  aud  it  is,, 
therefore,  singular  that  educational  books, 
and  even  treatises  upon  mechanics,  lay  the 
foundation  of  all  the  information  and  in- 
struction that  they  give,  not  in  states  of  mo- 
tion, but  in  states  of  rest.  To  put  levers, 
pulleys,  inclined  planes,  wedges,  and  screws 
in  states  of  perfect  equilibrium,  to  demon- 
strate by  tedious  and  complicated  reasoning 
what  is  called  the  parallelogram  of  forces, 
to  be  poring  over  problems  for  establishing 
equalities  by  both  geometric  and  analytical 
formula? — these  constitute  a  large  portion  of 
the  so-called  scientific  mechanical  knowl- 
edge contained  in  our  treatises  upon  ma- 
chinery for  students — at  least  for  those  who 
are  beginning  to  study.  If  a  few  advance  be- 
yond elementary  knowledge,  they  are  gener- 
ally confronted  by  still  more  complicated 
and  uninviting  discussions  upon  the  laws 
which  have  much  to  do  with  motions  in  the 
universe,  but  little  or  nothing  to  do  with 
motions  on  the  earth  or  in  our  machines. 

Iu   1788,   when   Lagrange   published    a. 
great  and  fine  example  of  analysis,  he  wrote- 
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in  the  preface  of  the  book  (it  was  upon  ma- 
chinery) : — "  The  reader  will  find  no  figures 
in  this  work  ;  the  methods  which  I  deliver 
do  not  require  either  instruments  or  geome- 
trical or  mechanical  reasoning,  but  only  al- 
gebraical operations."  Lagrange  herein 
made  mechanics  subservient  to  analysis. 
Analysis  ought  to  have  been  made  subser- 
•  vient  to  mechanics.  Our  books  of  mechan- 
ical science  deal  with  questions  chiefly  of 
rest  or  of  celestial  motion  only  ;  hence  the 
man  who  wants  a  machine  for  a  given  pur- 
pose, who  wants  to  combine  certain  motions, 
turns  in  disappointment  from  volumes  that 
he  considers  are  delusions  and  snares.  So 
far  as  power,  and  so  far  as  strength  of  ma- 
terials are  concerned,  he  is  satisfied  that 
these  are  ample  for  all  his  requirements. 
Until  he  can  obtain  such  a  combination  as 
shall  secure  a  special  end,  questions  of  con- 
struction and  equilibrium  are  not  felt  by 
him  as  matters  really  of  even  momentary 
consideration.  He  knows  that  if  the  mo- 
tions he  needs  are  won,  he  will  have  no 
difficulty  whatever  in  producing  rest.  To 
modify,  control,  and  regulate  the  motions  of 
connected  materials,  constitutes  the  chief 
object  of  study  with  those  who  hope  by 
machinery  to  improve  upon  manual  labor. 
This  study  is  clearly  independent  of  the 
building  of  the  machine ;  it  is  clearly 
independent  of  all  those  parts  of  the 
machine  that  are  comprehended  under 
the  word  "  structure."  It  is  also  equally 
independent  of  the  source  whence  the  ma- 
chine derives  its  power ;  and,  further,  it  is 
quite  independent  of  the  work  to  be  done 
by  that  power,  after  it  has  passed  through 
the  machine.  What  it  does  involve,  how- 
ever, are  any  mechanistic  contrivances  by 
which  motions  may  be  changed,  or  con- 
strained, or  diverted,  and  that,  appearing 
in  one  form,  existing  for  a  specific  purpose, 
they  may  be  transformed  into  another  ex- 
actly adapted  to  the  purpose  required. 
Thus  it  will  be  for  a  prearranged  object, 
and  to  follow  a  predetermined  law.  This 
is  that  which  is  comprehended  under  the 
word  mechanism,  and  it  is  in  consequence 
of  the  development  of  this  aptitude  in  the 
few  minds  given  to  the  special  study — and 
they  have  been  but  few — that  England  owes 
all  her  present  manufacturing  industries. 

Having  thus  explained  what  is  compre- 
hended under  the  word  mechanism,  it  may 
be  well  to  regard  what  it  is  that  is  exclud- 
ed. All  our  experience  tells  us  that  motion 
is  a  consequence  of  force.     So  sure  are  we 


of  this,  that  we  say  that  whenever  force  acts 
motion  ensues.  If,  however,  it  is  wished  to 
arrest  an  ensuing  motion,  it  is  usually  done 
by  the  introduction  of  an  opposing  force. 
Thus,  even  in  this  aspect,  rest,  observe,  is 
the  result  of  a  combination  of  motions. 

The  branch  of  mechanical  studies  which 
thus  considers  force  as  compelling  rest,  or 
preventing  a  change  of  motion,  is  called 
statics ;  and  states  of  rest  produced  by 
opposing  forces,  except  when  the  mechan- 
ism is  called  upon  in  the  interval  to  perform 
some  special  operation,  do  not  concern  us, 
and  further  allusions  to  questions  of  statics 
may  be  put  aside. 

But  force  may  produce  change,  either  in 
the  amount  or  direction  of  motion,  and  the 
branch  of  mechanical  studies  which  com- 
prehends this  is  called  dynamics.  The  term 
dynamics  is  a  marvellously  comprehensive 
one.  To  say  of  an  operation  that  it  is  a 
dynamical  one,  gives  just  about  as  much  in- 
formation of  the  operation  as  to  say  of  a 
substance  that  it  belongs  either  to  the 
animal  or  vegetable  kingdom.  Division 
and  subdivision  must  enter,  in  order  to  an 
accurate  and  instructive  investigation  of 
questions  of  dynamical  character.  Two  of. 
these  divisions  are  so  intimately  related  in 
the  branch  of  dynamics  to  be  treated  of  in 
this  course  of  lectures,  that  a  distinction 
must  be  drawn  between  names  much  alike. 
M.  Ampere,  in  the  year  1834  (for  that  is 
about  the  time  when  this  subject  first  began 
to  attain  special  consideration),  wrote : — 
"  Long  before  I  employed  myself  upon  the 
present  work,  I  had  remarked  that  it  is 
usual  to  omit,  in  the  beginning  of  all  books 
treating  of  sciences  which  regard  motion 
and  force,  certain  considerations,  which,  duly 
developed,  must  constitute  a  special  sci- 
ence." He  then  proceeds  to  describe  the 
science,  and  calls  it  kinematics,  from  a 
Greek  word,  Kivrjfxa,  which  signifies  motion. 
Further,  he  makes  a  proposal  which  was 
taken  up  by  others,  and  the  progress  of  the 
idea  is  interesting.  He  (M.  Ampere)  de- 
fined a  machine,  not  as  it  had  hitherto  been 
considered — an  instrument  ' '  by  means  of 
which  we  m#y  change  the  intensity  and  di- 
rection of  a  given  force,"  but  as  an  instru- 
ment "  by  means  of  which  we  may  change 
the  direction  and  velocity  of  a  given  mo- 
tion," hereby  excluding  force  from  all  con- 
siderations of  mechanism.  Air.  Willis,  to 
whom  I  shall  have  occasion  to  refer  again, 
proposes  another  definition,  namely,  to  con- 
sider   a   machine    as    an   instrument    "  by 


Sii 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


■which  to  produce,  not  motion  simply,  but 
relations  of  motion  between  parts,"  thus 
setting  aside  M.  Ampere's  definition,  that  a 
machine  is  an  instrument  to  change  the  di- 
rection and  velocity  of  a  given  motion.  Dr. 
Whewell,  in  his  "  Philosophy  of  the  Induc- 
tive Sciences,"  in  the  first  volume,  p.  144, 
has  a  very  short  chapter  indeed  on  "  Motion," 
and  he  "was  "well  competent  to  write  a  long 
one.  He  wrote  in  that  chapter,  in  1840  : 
"  Motion  should  be  considered  quite  inde- 
pendent of  its  cause — force.  The  science 
might  be  termed  '  pure  mechanism,'  in  con- 
tradistinction to  '  mechanics  proper,'  or 
'  machinery,'  in  which  force  is  taken  into 
consideration.  Such  a  science  is  the  sci- 
ence of  mechanism  independent  of  force, 
and  I  consider  it  to  be  the  solution  of  a 
problem  which  may  be  expressed  in  these 
words  :  '  To  communicate  any  given  motion 
from  a  first  mover  to  a  given  body.'  The 
necessity  of  this  separation  (says  Dr.  "Whe- 
well) has  been  seen  by  those  who  have 
taken  a  philosophical  view  of  the  sciences." 
Dr.  Whewell,  it  will  be  observed,  excluded 
force,  and  in  this  respect  he  follows  M.  Am- 
pere's views,  expressed  just  six  years  pre- 
viously. 

Thus  has  arisen  the  distinction  between 
two  very  similar  terms,  kinetics  and  kine- 
matics. Each  term  involves  considerations 
of  motion,  but  in  two  very  different  aspects. 
In  kinetics  it  is  not  mere  motion  which  is 
considered,  but  the  relations  that  motions 
bear  to  forces.  Hence  cpiestions  in  which 
the  expenditure  and  nature  of  force,  and 
the  motions  produced,  are  considered,  belong 
to  kinetics.  Kinetics  comprehend  the  laws 
of  energies  and  the  modes  by  which  men 
may  best  avail  themselves  of  these  laws. 
We  are  too  prone  as  a  people  to  general- 
ize laws,  and  what  we  find  to  be  true 
under  one  set  of  energies,  we  assume  to 
hold  good  under  another  set.  Such  is  not 
the  case.  The  energies  of  gravity,  electri- 
city, vitality,  affinity,  fight  and  heat,  re- 
quire different  treatments,  in  order  that 
each  may  be  most  advantageously  utilized. 

An  example  or  two  may  make  clear  the 
distinctions  now  insisted  on.       • 

The  velocity  and  penetrative  or  destruc- 
tive effects  of  a  cannon  ball,  in  relation  to 
the  character  and  explosive  consequences  of 
the  energies  of  gun-cotton,  gunpowder, 
nitro-glycerine,  dynamite,  or  whatever 
other  elements  are  used,  would  be  a  ques- 
tion in  kinetics. 

Again,  that  singular  calculation,  that  if  a 


man  were  engaged  in  producing  a  certain 
motion,  as,  for  example,  drawing  water  from 
a  well,  by  the  expenditure  of  his  muscular 
energies  through  the  period  of  his  manhood, 
he  would  raise  by  the  mechanism  of  his 
bodily  frame  no  more  water  than  coxild  be 
raised  by  one  load  of  the  best  Wallsend 
coal ;  hence  completing  the  parallelism,  and 
reducing  it  to  the  form  of  money  value — 
and  it  is  wonderful  how  much  more  we  ap- 
preciate these  things  when  they  are  put  in 
a  money  value — the  life  energy  of  a  man 
acting  through  the  mechanism  of  his  mus- 
cular  system  does  not  exceed  the  energy  of 
a  load  of  coals  employed  through  the  me- 
chanism of  a  scientifically -made  engine. 
In  other  words,  given  the  two  mechanisms, 
the  life  of  a  man  is  not  worth  more  than 
about  60s.  Had  man  been  created  for  no 
higher  destination  than  this,  we  may  de- 
pend upon  it  he  would  have  been  put  to- 
gether as  a  piece  of  mechanism  very  differ- 
ent from  that  on  which  he  is  now  consti- 
tuted. 

In  kinematics  these  elements  of  force  oc- 
cupy no  attention  whatever.  Neither  the 
force  that  produces  the  motion,  nor  the 
forces  impeding  the  motion,  nor  the  forces 
that  these  two  motions  call  into  action,  none 
of  these  belong  to  the  division  of  the  sub- 
ject with  which  these  Cantor  lectures  have 
to  deal.  Kinematics,  therefore,  is  a  science 
of  mere  motion ;  even  elements  of  strength 
are  not  considered  in  it.  The  galloping  tor- 
toise which  we  see  advertised  in  the  win- 
dows in  the  streets  of  London,  and  that 
tricky  little  mouse  that  you  see  creeping  up 
the  hands  of  men  in  Oxford  street  or  Lom- 
bard street,  claim  from  mechanicians  quite 
as  much  attention,  and  involve  questions  of 
mechanism  perhaps  quite  as  curious  as  Bab- 
bage's  calculating  machine,  or  those  singu- 
lar things,  the  orreries  of  the  last  century. 
It  is,  therefore,  the  division  of  the  subject 
called  kinematics  with  which  the  present 
course  of  Cantor  lectures  is  chiefly  con- 
cerned. 

M.  Ampere  appears  to  have  been  the  first 
to  direct  public  attention  to  the  importance 
of  kinematics  as  a  special  study.  Plato 
speaks  of  astronomy  as  "the  doctrine  of 
the  motions  of  solids  ;  "  and  to  come  to  re- 
cent times — very  recent  indeed — there  is  a 
still  valuable  work  by  Emerson,  which  we 
have  here,  and  which  contains  some  very 
good  illustrations.  Here  is  one  of  the  me- 
chanism of  a  rat-trap,  and  very  well  it  is 
done.     The  reason  why  the  book  is  produc- 
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ed  is  this.  It  was  probably  first  published 
about  1750 ;  this  copy,  which  is  the  second 
edition,  corrected  and  very  much  enlarged, 
with  43  copper-plates,  was  published  in 
1758.  The  title-page  is  well  worthy  of  our 
consideration  in  connection  with  the  present 
course  of  lectures.     It  is — 

THE  PRINCIPLES  OF  MECHANICS, 

Explaining  and  Demonstrating 

The    General    Laws    op    Motion. 

The  Laws  of  Gravity.  I  Centres  of  Gravity. 

Motion  of  Descending  Bodies.  |  Strength  and  Stress  of  Timber. 

Projectiles  I  Hydrostatics. 

Mechanic  Powers.  |  Construction  of  Machines. 

Pendulums  | 

A  work  very  necessary  to  be  known  by  all  Gentlemen 
and  others  that  desire  to  have  an  insight  into  the 

Works  of  Nature  and  Art. 

And  extremely  useful  to  all  sorts  of  Artificers,  particularly  to 
Architects,  Engineers,  Shipwrights,  Millwrights,  Watch- 
makers, &c,  or  any  that  work  in  a  Mechanical 
Way.     The  Second  Edition,  with  43  Cop- 
per Plates.     1758. 

The  order  of  Emerson's  subject  is  remark- 
able. They  begin  with  motion,  lead  on  to 
equilibrium,  and  end  with  structures.  In 
our  days  the  habit  seems  to  be  to  begin 
with  structures,  descending  through  equili- 
brium, and  very  seldom  proceeding  so  far 
as  motion  is  understood  in  mechanism.  In 
the  preface  he  lays  great  stress  upon  motion, 
and  not,  as  in  modern  books,  equilibrium ; 
on  that  he  lays  no  stress.  He  writes : — 
"  What  else  is  there  in  the  visible  world 
but  matter  and  motion  ?  Mechanism  is  a 
science  of  such  importance,  as  without  it 
we  could  hardly  eat  our  bread,  or  lie  dry  in 
our  beds,  and  by  it  we  come  to  understand 
the  motions  of  the  parts  of  an  animal  body 
— the  motions  of  the  celestial  bodies.  With- 
out mechanics  a  general  cannot  go  to  war, 
and  the  meanest  artificer  must  work  mechan- 
ically, or  not  work  at  all,  so  that  all  persons 
are  indebted  to  this  art,  from  the  king  down 
to  the  cobbler." 

Although  pure  mechanism  in  kine- 
matics has  thus  been  recognized  as  an  im- 
portant study  in  and  by  itself,  yet  no  work 
appeared  in  the  English  language,  as  far  as 
I  know,  until  the  year  1841,  one  year  after 
Dr.  Whe well's  book,  which  was  six  years 
after  M.  Ampere  had  drawn  attention  to 
this  subject.  Then  Professor  Willis,  the 
Jacksonian  Professor  of  Natural  and  Ex- 
perimental Philosophy  in  the  University  of 
Cambridge,  published  a  volume  on  "  The 
Principles  of  Mechanism,  designed  for  the 
use  of  students  in  the  University,  and  for 
engineering  students  generally."  To  this 
work  all  who   have   alluded   to  mechanism 


acknowledge  great  obligations.*  In  it  the 
subject  is  treated  as  a  mathematical  one, 
and  although  in  the  present  course  of  lec- 
tures the  purely  mathematical  aspect  of  the 
problem  must  be  ignored,  that  is  no  reason 
whatever  why  the  young  mechanicians 
should  not  study  the  subject  with  the  only 
key  that  can  unlock  for  them  its  treas- 
ures. 

Whilst  allowing  the  "open  sesame" 
character  of  this  mathematical  key  in  the 
question  of  mechanism,  it  is  well  to  avow 
that  purely  mathematical  minds  have  claim- 
ed for  their  favorite  science  far  too  much  of 
the  power  of  a  magician's  wand  over  ter- 
restrial mechanics  and  mechanism.  Mathe- 
maticians boast  that  they  hold  the  key  of  the 
gate ;  it  is  a  reflection  upon  their  good  taste 
that  they  seldom  walk  in  the  pleasant  pas- 
tures of  which  they  have  the  key.  If 
mathematicians  would  but  become  as  fam- 
iliar with  the  technicalities  and  wants  of 
machinists  and  mechanists  as  they  are  with 
the  omnipotence  of  x  and  y,  they  would 
often  receive  the  right-hand  of  brotherhood, 
where  now  men  are  provoked  to  say, 
"  Stand  back,  we  do  not  want  you."  There 
will  be  no  solid  progress  in  the  refinements 
and  precision  of  mechanism,  either  construc- 
tive or  kinematical,  until  there  is  less  dis- 
sociation between  mathematics,  physics, 
kinetics,  and  practice.  The  youth  of  Eng- 
land are  led  in  the  dynamical  relations  of  a; 
and  y  to  calculate  the  path  of  the  earth  in 
its  orbit,  and  they  can  do  it  to  a  second  in 
a  year.  The  same  x  and  y  enable  them  to 
tell  the  periods  of  the  revolution  and  rota- 
tion of  the  earth;  to  find  the  velocity  of 
light,  and  to  measure  the  length  of  its 
waves  to  the  millionth  of  an  inch ;  to  cal- 
culate the  exact  curve  of  the  spectroscopic 
diagrams  in  the  solar  corona,  and  this  with 
an  accuracy  that  even  decimals  fail  to  repre- 
sent to  the  mind.  Such  is  considered  a 
triumph  of  mathematical  dynamics.  But 
ask  a  mathemathician  to  determine  the 
quantity  of  irregularity  produced  by  an  un- 
balanced fly-wheel;  to  say  how  a  small 
weight  on  a  large  fly-wheel  may  produce 
back-lash  through  a  mill,  and  destroy  the 
teeth  of  some  of  the  largest  wheels  in  that 
mill,  or  to  state  in  what  motions  or  how  to 
utilize  the  heat  that  passes  away,  or  to  what 
influences  a  ship  is  subject  by  the  rotation 

*  The  second  edition  of  this  work  has  been  recently  published 
by  Messrs.  Longman,  and  to  them  aud  Professor  Willis  the 
Society  of  Arts  is  indebted  for  the  loan  of  certain  wood-cuts  to 
be  used  in  the  printing  of  future  lectures. 
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of  heavy  machinery  within,  or  to  calculate 
in  any  given  case  what  is  called  negative 
slip  ;  and  Low  is  that  slip  in  a  screw  pro- 
peller to  be  avoided  ?  Ask  the  mathema- 
ticians to  take  a  given  problem,  with  given 
numbers,  under  any  of  these  heads,  and 
they  will  turn  from  it  and  think  it  beneath 
their  notice — probably  it  is  beyond  their 
skill. 

Mechanism,  then,  is  the  alphabet ;  ma- 
chinery is  the  written  expression,  and  that 
machinery  is  a  combination  of  parts.  These 
elementary  parts  are  furnished  by  the  me- 
chanician. Hence  the  study  of  mechanism 
should  precede  the  study  of  machinery ; 
but  it  has  failed  and  still  fails  to  do 
so. 

Apart  entirely  from  the  mathematical 
and  scientific  reasons  why  mechanism  does 
not  hold  its  own  as  a  branch  of  well-defined 
and  intellectual  study,  there  are  one  or  two 
obvious  social  ones.  Mechanism  is  not 
directly  allied  to  utilitarianism ;  it  bears  a 
relation  to  utilitarianism  of  a  character 
similar  to  that  which  art  bears  to  it.  The 
necessities  of  life  must  first  be  met,  and  then 
may  be  entertained  improved  means  for  meet- 
ing them.  Houses,  boats,  bridges,  clothing, 
and  food  must  first  be  procured,  and  then, 
and  not  until  then,  need  be  considered  the 
the  best  Avay  for  accomplishing  these,  or  for 
rendering  them  more  attractive  when  they 
are  procured.  Hence  art  and  mechanism 
first  succeed,  and  then  precede,  utility. 
Again,  our  very  bodies,  and  the  contrivances 
which  nature  has  so  profusely  scattered 
around,  have  given  man  what  may  be  called 
an  intuitive  knowledge  of  mechanistic  com- 
binations. Men  avail  themselves  of  these 
as  they  do  of  books  in  a  library,  and  rarely 
give  a  thought  to  anything  but  the  branch 
that  they  are  themselves  at  the  time  want- 
ing. 

Mechanicians  are  only  a  numerous  class 
of  those  who  do  this.  To  the  extensive 
storehouse  of  nature's  contrivances,  perhaps 
every  branch  of  art  and  science  resorts  more 
than  it  is  willing  to  allow.  When  the  Grov- 
ernment,  about  100  years  ago,  referred  the 
question  of  a  lighthouse  to  Smeaton  for  the 
Eddystone  rock,  Smeaton,  who  was  experi- 
enced both  as  a  kinetical  and  constructive 
mechanician  (he  was  the  first  to  introduce 
the  use  of  cast-iron  teeth  in  large  wheels), 
did  not  contrive  a  lighthouse,  or  even  con- 
sider he  was  called  upon  to  design  one. 
What  he  did  was  to  look  about  through 
nature's  storehouse,  and  to  consider  where 


and  how  resistances  were  met  similar  to  the 
resistances  he  was  called  upon  to  meet. 
Hence,  when  he  published  a  report,  in  folio, 
of  the  designing  and  executing  of  the  pres- 
ent Eddystone  lighthouse  (three  or  four 
previous  ones  having  been  either  burnt  down 
or  washed  away),  he  printed,  side  by  side 
with  a  drawing  of  the  structure  he  propos- 
ed, the  trunk  and  branches  of  an  oak  tree, 
which  he  took  as  his  model.  On  the  wall 
is  a  diagram  taken  from  Smeaton' s  own  ac- 
count Of  the  Eddystone  lighthouse,  and 
showing  the  peculiar  mode  in  which  he 
dovetailed  the  stones  one  into  the  other. 
The  question  of  the  Eddystone  lighthouse 
is  quite  foreign  to  our  present  purpose,  but 
the  diagram  there  shows  the  mode  in  which 
the  oak  branch  enters  into  the  stem  of  the 
tree;  and  in  the  text  Smeaton  points  out 
how  beautifully  the  obtuse  angle  of  the 
branch  is  fitted  in  with  more  material  than 
the  acute  angle,  and  how  it  strengthens  the 
acute  angle;  he  also  shows  how  the  stem 
of  the  tree  is  fixed  into  the  ground,  and  to 
this  natural  contrivance  he  owed  his  ideas, 
for  from  them  he  writes:  "I  could  make 
a  figure  not  ungraceful ;  and  at  the  same 
time  carrying  the  idea  of  great  firmness 
and  solidity"  (p.  42).  That  is  sensible  con- 
structive mechanism.  There  may  be  many 
in  this  room  who  remember  the  year  1851, 
when  the  country  was  very  much  perplexed 
to  know  what  to  do  with  the  Exhibition  it 
had  summoned,  and  did  not  know  how  to 
put  it  under  cover.  Architects,  engineers, 
and  others  were  completely  baffled.  They 
felt  that  if  they  raised,  a  building,  either  of 
brick  or  stone,  damp  in  the  walls  would 
spoil  the  treasures  of  art  to  be  deposited 
there.  No  available  suggestion  originated 
with  them.  In  the  crisis  a  gardener  came 
forward,  and  to  him  is  due  the  credit  of 
having  suggested  the  design  for  the  build- 
ing. Sir  Joseph  Paxton,  who  owns  he  was 
no  engineer,  writes  of  the  Exhibition  of 
1851:  "Nature  was  the  engineer  in  this 
case,"  and  he  requests  those  who  choose  to 
do  so  to  compare  the  leaf  of  the  water  lily 
(the  "Victoria  Regia")with  the  building 
erected  in  Hyde  Park,  for  he  says,  "from 
this  I  obtained  all  my  ideas,"  of  what 
should  be  comprehended  in  the  first  iron  and 
glass  building  that  was  ever  seen.  Let  us 
look — the  inquiry  shall  be  as  brief  as  pos- 
sible— at  a  few  more  of  similar  illustra- 
tions. A  spider's  web  across  a  garden  path 
suggested  the  Menai  bridge  to  Telford  be- 
fore 1818.     The    structure    of  bones    sug- 


MECHANISM. 


317 


gested  the  tubular  one  which,  carries  the 
railway  across  the  Menai  Straits.  The  lit- 
tle worm  Avhich  perforates  the  wood  of  ships 
suggested  the  Thames  Tunnel  to  Brunei ; 
the  telescope,  the  microscope,  and  the  cam- 
era obscura  are  all  clearly  set  forth  in  the 
eye ;  it  was  a  lobster  shell  which  gave  the 
idea  of  curving  wrought-iron  tubes  to  Watt; 
wasps  make  paper,  and  there  are  other 
wasps  that  make  paste-board.  Spiders  form 
nets ;  hail  and  shot  are  formed  exactly  alike. 
Bird's  feathers  suggested  the  slates  to  our 
houses,  and  bird's  nests  are  lessons  to  this 
day  in  basket  weaving.  England,  as  an 
island,  is  warmed  as  this  room  is  warmed. 
In  the  torrid  zone  there  is  a  boiler  and  fur- 
nace, and  the  Grulf  Stream  is  the  enlarged 
pipe  of  a  huge  heating  apparatus.  In  the 
hand  Ave  have  a  vice,  and  looking  at  that 
vice  which  we  all  possess  from  a  mechan- 
ical point  of  view,  it  is  evidently  one  more 
perfect  than  the  most  ingenious  vice  the  ac- 
cumulated skill  of  engineers  could  possibly 
produce.  There  are  eight  or  nine  different 
vices  m  one,  that  is  to  say,  it  is  a  vice  of 
varying  size  and  form  ;  it  needs  no  clams  ; 
there  is  no  chance  of  damaging  the  work 
put  in  it  by  the  serrated  edge,  as  is  the  case 
in  an  ordinary  vice,  for,  as  you  know,  clams 
of  wood,  lead,  cloth,  and  other  materials, 
are  used  to  save  the  work.  Look  at  it  from 
any  point  of  view,  it  is  unapproachable. 
If  you  want  to  hold  a  circular  piece  of  met- 
al, how  much  more  beautifully  do  you  do  it 
than  can  be  done  by  any  contrivance  of  en- 
gineers. You  hold  it  between  two  fingers 
and  a  thumb.  Although  this  is  a  question 
of  statics,  it  is  worthy  of  a  few  moments' 
consideration.  You  observe,  many  people 
put  things  upon  four  legs ;  theodolites*,  in- 
struments, tables,  etc.,  are  generally  put 
upon  four  legs,  but  Nature  tells  us  we 
should  put  them  upon  three.  "When  this 
pencil  is  held  on  three  sides  by  two  fingers 
and  one  thumb,  you  cannot  press  it  in  any 
direction  without  its  meeting  with  resistance, 
but  once  put  it  between  four  fingers  and 
there  are  four  places  iu  which  it  may  escape. 
Another  peculiarity  of  this  vice  (viz.,  the 
hand)  is,  that  you  may  hold  a  chisel  in  it  so 
as  to  be  quite  steady,  and  yet  it  will  slide 
along,  and  there  is  no  vice  known  to  me 
which  will  do  this.  This  vice,  then,  is  not 
only  a  very  curious  one,  but,  in  respects 
which  would  draw  us  very  far  aside,  it  is 


*The  adjusting-screws  of  theodolites  are,  as  a  rule,  four  in 
number — the  three-legged  stand  is  the  support  of  a  four-legged 
instrument. 


one  possessed  by  no  animal  except  man. 
Look,  again,  at  the  wrist  joint.  We  have 
vices  with  balls  and  sockets,  and  universal 
joints,  but  none  equal  to  this  universal  joint 
at  the  wrist.  There  is  a  fortune  for  any- 
body who  can  make  a  vice  to  equal  it,  so 
simple  and  so  universal.  Then,  again,  the 
stomach  is  a  perfect  laboratory.  The  lungs 
are  a  bellows ;  the  skull  is  an  arched  vault, 
beautifully  put  together ;  and  the  teeth  ! — 
what  a  complication  we  have  of  knives, 
saws,  wedges,  and  millstones ;  and  in  the 
jaws  there  is  an  arrangement  which  has 
often  been  tried,  but  which  has  never  yet 
been  successfully  attained,  called  a  draw- 
cutting  action,  the  nearest  attempt  to  which 
is  in  bread,  hay,  and  paper-cutting  machin- 
ery. Not  only  is  the  eye  a  telescope  and  a 
microscope,  but  there  is  in  its  apparatus, 
viz.,  in  the  "iris,"  a  specimen  of  what  en- 
gineers have  been  attempting  for  a  long  time 
— an  expanding  pulley.  No  expanding 
pulley  has  yet  been  successful.  To  adapt 
such  suggestions  as  these  supply,  and  to 
combine  them  with  the  structural  schemes 
which  ingenuity  or  necessity  furnished, 
seemed  to  satisfy  all  the  wants  of  men  until 
the  steam-engine  enlarged  its  usefulness 
by  giving  a  rotary  motion  in  addition  to  a 
reciprocating  rectilineal  one.  Watt  did  this 
in  1770,  and  from  that  time  we  began  to 
date  our  mechanical  progress.  Then  it  was 
that  men  who  saw  a  high  scientific  and  in- 
tellectual study  in  mechanics  were  gradually 
turned  from  such  considerations  as  the 
mathematical  demonstration  of  the  parallel- 
oo-ram  of  forces,  or  the  abstract  beauties  of 
algebraic  analysis,  to  the  more  important 
considerations  which  these  engines  produc- 
ing rotary  motion  led  them  to  enter- 
tain. 

When  we  note  how  slowly,  even  in  these 
days,the  direction  of  men's  thoughts  changes. 
Ave  must  not  be  surprised  that  comparatively 
few  minds  have  left  the  beaten  track,  and 
entered  on  studies  of  pure  mechanism.  It 
is,  both  in  its  abstract  and  practical  charac- 
ter, a  very  fascinating  study,  and  those  who 
promote  it  render  the  art  of  the  mechanic 
less  empirical  and  far  more  scientific  th  m  it 
is  at  present.  As  an  architect  should  study 
engineering,  so  a  mechanic  should  study 
mechanism.  A  mechanic,  as  the  term  is 
applied,  means  one  who  makes  machinery. 
This  view  is  just  as  narrow  as  that  Avhich 
Avould  restrict  the  term  engineer  to  one  who 
drives  an  engine.  If  there  is  one  occupa- 
tion more  than  another  Avhich   should  win 
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Tespect  from  the  required  combination  of 
mental  knowledge  and  handicraft  skill,  it 
is  that  of  the  mechanic  ;  and  of  mechanics, 
none  need  these  qualifications  more  than  the 
smith — 

"  A  mighty  man  is  he, 
With  large  and  sinewy  hands, 

And  the  muscles  of  his  brawny  arms 
Are  strong  as  iron  bands." 

Tor  that  man  can  take  an  uncouth,  shape- 
less mass  of  cold  iron  and  so  correctly  judge 
of  the  volume  of  that  uncouth  mass  as  to 
select  the  required  quantity,  and  no  more, 
for  a  form  to  which  it  bears  no  resemblance, 
and  to  which  form  he  shapes  it,  although 
he  is  never  able  to  touch  it  with  his  fingers. 
Before  you  is  one  of  the  recent  triumphs  of 
skill  in  wrought  iron  ;  and  if  there  is  any 
one  present  who  has  taste  for  work  of  that 
kind,  it  is  well  worth  study.  It  has  been 
lent  by  Messrs.  Peard,  Son,  and  Peard,  and 
is  a  pure  piece  of  wrought  iron.  It  is  most 
artistic  and  graceful  in  form,  and  is  put 
together  without  brazing  in  any  part.  How 
far  it  has  been  screwed  together,  or  how  far 
it  has  been  simply  welded,  there  are,  no 
doubt,  those  in  the  room  fully  competent  to 
judge.  No  one,  however,  can  leave  it 
without  admiration,  and  recognizing  the 
truth  of  the  statement,  that  of  mechanics 
there  are  none  who  more  deserve  the  thanks 
of  the  community  than  the  class  called 
smiths. 

The  relation  which  the  machinist  bears 
to  the  mechanist  is  easily  defined.  Setting 
.aside  the  question  of  structure,  the  mechan- 
ist deals  with  designs ;  the  machinist  takes 
those  designs  and  adapts  them  to  his  pur- 
poses. Por  the  fitness  of  the  designs  for 
an  end,  they  apply,  when  need  be,  to  the 
mathematician.  The  mechanic  takes  the 
deductions  of  the  machinist  and  the  mathe- 
matician, and  produces  a  machine  as  ex- 
actly adapted  to  the  purpose  required  as  the 
knowledge  and  experience  of  the  time  en- 
ables him  to  do.  The  distinction  thus 
drawn  between  the  machinist  and  the  me- 
chanician leads  to  modes  of  expression  by 
these  respective  classes  which,  unfortu- 
nately, do  not  increase  the  respect  of  each 
for  the  other.  Por  example,  the  mechani- 
cian aims  only  at  a  contrivance  ;  the  ma- 
chinist or  mechanic  aims  only  at  a  com- 
mercial or  manufacturing  utility.  A  me- 
chanician is  contented  with  the  most  rude 
skeleton  design  ;  he  does  not  care  for  either 
journals  or  plummer  blocks  being  neatly 
and     carefully      curved     out — anti-friction 


curves  do  not  trouble  him.  On  the  black- 
board are  two  skeleton  drawings — here  is  a 
very  rude  one  of  two  wheels  and  a  crank — 
these  answer  the  purpose  of  the  mechani- 
cian. A  mechanic  would  not  be  worthy  of 
the  name  of  mechanic  if  he  executed  such 
a  piece  of  work  ;  as  a  mechanical  drawing 
it  is  perfectly  ridiculous.  You  see  by  the 
side  of  it  some  specimens  of  mechanical 
drawing,  one  a  diagrammatical  one,  and 
another  a  most  beautifully -finished  drawing 
of  a  locomotive,  which,  perhaps,  appears  to 
many  to  be  an  engraving.  It,  however,  is 
done  entirely  by  hand.  There  are  also 
working  drawings,  such  as  are  taken  into 
the  workshop,  from  which  the  actual  ma- 
chines are  made.  It  would  certainly  be  a 
great  improvement  on  scientific  books  if 
there  were  some  advance  in  the  illustrations 
they  contain,  which  at  present  are  often 
even  less  worthy  of  commendation  than  the 
rude  mechanistic  skeleton  one  alluded 
to. 

It  is  quite  possible,  and  it  would  be  even 
prudent,  to  make  mechanism  a  study  al- 
together apart  from  mechanics ;  it  would 
not,  however,  be  prudent  on  the  present  oc- 
casion to  do  so.  Whilst,  therefore,  associ- 
ating mechanism  with  mechanics — to  which 
it  is  not  allied,  and  separating  mechanism 
from  mathematics,  to  which  it  is  necessarily 
allied — in  this  course  of  Cantor  Lectures 
we  approach  the  subject  in  a  species  of 
bondage,  and  must  therefore  ask  that  favor- 
able consideration  generally  extended  to- 
wards a  comparatively  strange  friend,  by 
making  use  of  our  old  friend,  mechanics, 
for  a  favorable  introduction  and  an  oc- 
casional help. 

With  mechanics  we  are  all  familiar. 
We  can  neither  eat,  drink,  nor  sleep,  we 
can  neither  sit,  walk,  nor  talk,  except  by 
the  exercise  of  those  mechanical  arrange- 
ments with  which  nature  has  endowed  us. 
When,  however,  in  the  course  of  nature  the 
vital  energy  ceases  by  which  man  is  enabled 
to  put  in  action  the  machinery  of  his  frame, 
then,  however  beautiful  and  perfect  the 
machinery  may  be,  the  object  for  which  it 
was  constructed  cannot  be  performed.  At 
this  stage  (the  power  of  the  machinery  hav- 
ing1 gone — the  kinetical  element  having 
been  removed)  the  machinist  takes  up  the 
parts,  and  may  be  said  to  analyze  the  con- 
trivances by  which  the  vital  energies  exer- 
cise their  various  powers.  But  the  mechanic 
cannot  operate  without  a  motive  power. 
The  mechanician  cares  for  none.     He  deals 
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with  contrivances  in  relation  to  motion. 
His  peculiar  province  is  to  devise  plans  by 
which  the  motion  he  has  may  be  changed 
into  the  motion  he  wants,  and  the  require- 
ments he  wants  are  singularly  varied,  and 
they  fully  warrant  Mr.  Anderson's  expres- 
sion of  "  endless,"  for  to  them  there  is 
"  practically  no  limitation."  Farmers  do 
not  make  more  varied  demands  upon  the 
weather  than  machinists  do  upon  mechan- 
ists in  relation  to  motion.  There  is  no  end 
to  the  variety  of  demands  made  by  the  pub- 
lic upon  the  mechanician.  One  man  comes 
and  says  he  has  a  motion  which  he  wants 
accelerated.  Another  says  he  has  a  motion 
which  he  wants  retarded.  A  third  comes 
and  says  his  motion  is  not  quite  continuous, 
he  would  like  it  to  be  so  ;  another  says  he 
wants  the  motion  to  be  intermittent.  One 
man  says  he  wants  a  circular  motion  when 
he  has  got  a  rectilineal;  another  says  he 
wants  a  rectilineal  when  he  has  got  a  circu- 
lar ;  another  wants  it  variable  ;  another 
says  he  wants  it  uniform ;  one  says  it  must 
be  alternate,  going  backwards  and  forwards ; 
another  says  he  wants  his  motion  brought 
to  a  state  of  rest.  Another  says,  here  is 
velocity,  convert  it  into  power ;  and  another, 
here  is  power,  convert  it  into  velocity.  None 
of  these,  and  the  list  might  be  wonderfully 
extended,  are  out  of  the  province  of  the  me- 
chanician. For  example,  a  knife  is  to  be 
sharpened.  There  are  various  modes  of 
doing  it.  The  shelves  of  the  Patent  Office 
have  many  for  sharpening  knives,  but  we 
will  take  the  representative  one,  in  which 
the  stone  revolves.  We  have  an  apparatus 
here  for  which  we  are  indebted  to  Messrs. 
Holtzapffel.  The  problem  before  the  me- 
chanist is  to  convert  the  perpendicular  mo- 
tion of  the  foot  up  and  down  about  eighty 
times  in  a  minute  into  a  continuous  motion 
of  the  stone  of  about  500  ft.  circumferential 
per  minute.  The  plan  adopted  here  is  to 
have  a  treadle  for  the  foot,  by  which  the 
up-and-down  motion  is  transferred  to  a 
wheel,  from  which  there  is  a  band  to  a 
small  pulley  connected  with  the  stone,  and 
by  this  contrivance  we  have  got  the  up-and- 
down  motion  of  the  foot  converted  into  the 
continuous  rotary  motion  of  500  ft.  per 
minute.  That  mechanism  is  perfect  for  all 
purposes,  not  simply  for  the  sharpening  of 
a  knife,  or  razor,  or  lancet,  but,  as  a  me- 
chanical contrivance,  it  will  do  for  a  hatchet, 
scythe,  or  any  other  edged  tool.  The  ma- 
chine has  left  the  mechanician's  hands  as  a 
contrivance,  but  the  mechanic  takes  it  up, 


and  adapts  the  question  of  its  structure  to 
the  particular  use  for  which  it  is  required, 
using  such  proportion  of  treadle,  crank,  and 
wheel  as  he  pleases.  The  mechanist  has 
done  with  it  when  the  contrivance  is  pro- 
duced, and  it  then  becomes  the  property  of 
the  mechanic.  If,  however,  the  problem 
had  been  set  before  the  mechanist  in  another 
form,  as,  for  example,  if  he  had  a  weight 
falling,  and  that  had  to  be  converted,  or  if 
he  had  got  such  a  matter  as  the  rise  and 
fall  of  the  tide,  and  that  had  to  be  convert- 
ed, or,  if  he  had  got  the  explosive  power  of 
gunpowder,  or  the  intense  power  at  a  short 
distance  of  electricity,  or  the  elastic  power 
of  a  steel  spring,  then  clearly  these  would 
be  new  conditions  imposed  upon  the  me- 
chanist, and  a  different  piece  of  mechanism 
would  have  had  to  be  designed  for  each  of 
those  cases.  You  have,  therefore,  accord- 
ing to.  the  questions  put  before  the  me- 
chanist, various  machines,  but  one  contriv- 
ance serving  every  purpose.  In  any  case 
the  mechanic  takes  the  designs  of  the  me- 
chanician, and  so  avails  himself  of  his  own 
knowledge  of  material,  and  so  adapts  the 
amount  of  power  at  his  disposal,  and  of 
that  required  to  be  utilized,  as  to  make  the 
machine. 

Now  it  is  clear  that  to  sharpen  a  razor 
and  a  hatchet  requires  from  the  mechanic 
two  different  machines — from  the  mechani- 
cian they  require  but  one  mechanistic  con- 
trivance. 

Having  thus  explained  and  illustrated  the 
position  which  mechanism  holds  in  relation 
to  other  branches  of  mechanics  with  which 
it  is  allied,  we  should  restrict  ourselves  to  a 
consideration  of  the  divisions  and  sub-divi- 
sions under  which  it  may  be  usefully 
studied.  To  do  so  in  the  present  course  of 
lectures  would  be  to  make  the  subject  not 
particularly  inviting,  and  we  must  some- 
times therefore  overstep  the  boundaries,, 
and  take  a  short  walk  into  the  not  very  in- 
viting mathematical  and  prohibited  fields, 
and  perhaps  a  longer  one  into  the  more  in- 
viting mechanical  fields.  In  thus,  to  some 
extent,  trespassing  into  tempting  by-paths 
from  the  highway  which  the  literal  mean- 
ing of  the  title  of  these  lectures  prescribes, 
the  Council  of  the  Society,  and  the  audience, 
who  do  not  despise  mechanistic  drawings, 
must  permit  action  to  take  place  under  a 
precept  which,  not  existing  in  our  Christian 
code,  I  must  borrow  from  another : — 

"For  what  saith  the  Koran  in  chapter  the  third, 
'  Confine  not  thy  neighbor  too  close  to  his  -word.  " 
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STABILITY  OF  GIRDERS. 


From  "The  Engineer. : 


The  rigidity  of  a  girder,  or  the  resistance 
it  opposes  to  any  changG  of  form  or  motion 
among  its  several  parts,  'will  depend  prin- 
cipally upon  the  due  fulfilment  of  a  very 
few  conditions.  The  proportion  of  the  span 
to  the  depth,  the  ratio  of  the  former  dimen- 
sion to  the  width  of  the  booms,  and  the 
character  of  the  load  the  girder  has  to  bear, 
are  the  chief  points  to  be  attended  to.  It  is 
supposed  in  this  instance  that  the  girder 
acts  independently,  and  that  its  own  stabil- 
ity is  not  derived  in  part  from  any  system 
of  bracing  or  trussing  which  unites  it  to 
one  or  more  fellow  girders.  If  cross  brac- 
ing is  used,  then  the  question  is  not  of  the 
stability  of  a  single  girder,  but  of  the  whole 
composite  structure  of  which  each  girder  is 
a  separate  part.  As  a  rule,  the  separate 
girders  designed  for  bridge  and  roof  pur- 
poses are  interbraced  and  tied  together  in  a 
more  or  less  effective  manner,  so  that  the 
individual  stability  of  each  is,  in  a  great 
measure,  lost ;  but  it  must  nevertheless  be 
borne  in  mind  that  the  more  defective  a 
girder  may  be  in  stability,  per  se,  the  great- 
er amount  of  trussing  and  bracing  it  will 
require  when  several  of  the  same  type  are 
joined  together  in  one  structure.  As  all  the 
-material  consumed  in  imparting  an  adven- 
titious stability  to  girders  is  so  much  dead 
weight,  and  does  not  count  in  the  actually 
calculated  resistance  to  strains,  it  is  evident 
the  less  that  is  necessary  the  more  econom- 
ical will  be  the  result.  We  have  seen  some 
girders  so  badly  proportioned  and  designed 
that  a  large  quantity  of  bracing  was  requir- 
ed to  force  them  into  shape,  and  subse- 
quently additional  trussing  was  needed  to 
maintain  that  shape  unaltered.  A  certain 
amount  of  stiffness  is  indispensable  to  a 
girder,  although  that  feature  is  not  by  any 
means  a  sure  indication  of  either  its  strength 
or  security.  It  is  quite  possible  to  construct 
a  wrought-iron  girder,  and  stiffen  it  by  the 
lavish  employment  of  extra  material  in  such 
a  manner  that  it  would  hardly  afford  the 
slightest  premonitory  sign  of  yielding,  even 
when  it  was  on  the  very  point  of  rupture. 
While,  therefore,  stiffened  almost  to  brittle- 
ness,  its  absolute  strength  would  be  com- 
paratively small.  There  is  no  question  but 
that  the  form  of  the  girder,  the  shape  of  the 
booms,  the  character  of  the  web,  and  the 
type  to  which  it  belongs,  are   very  material 


points  to  be  considered  with  reference  to  our 
subject.  But  the  points  to  which  allusion 
has  been  made,  affect  the  stability  of  all 
girders,  independently  of  the  particular 
class  to  which  they  may  happen  to  belong. 
Girders  frequently  become  unstable  from 
the  practice — at  one  time  very  prevalent, 
and  still  adhered  to  in  too  many  instances 
— of  loading  them  on  only  one-half  of  the 
flange.  However  well  the  principle  of  uni- 
form stress  on  the  flange  might  be  carried 
out  in  the  design,  it  would  be  rendered  com- 
pletely abortive  by  such  a  disposition  of  the 
working  load. 

The  proportion  between  the  span  and 
depth  of  girders  depends  in  some  degree 
upon  their  nature,  and  also  upon  the  judg- 
ment of  the  engineer  who  designs  them. 
Time,  and  additional  experience  in  the  de- 
signing and  construction  of  iron  bridges 
and  roofs,  have  lent  their  influence  towards 
greatly  modifying  many  preconceived  ideas 
on  this  point.  Girders  having  continuous 
webs — such  as  the  tubular,  box,  and  plate 
forms — require  in  an  economical  point  of 
view  a  less  depth  than  those  belonging  to 
the  open  web  girder.  Thus,  the  depths 
usually  assigned  to  girders  with  continuous 
webs  range  between  TVth  and  y^th  of  the 
span.  In  fact,  the  proportions  originally 
adopted  in  the  early  designs  of  iron  bridges 
have  been  adhered  to  in  the  later  examples 
with  tolerable  closeness.  If  the  span  of  a 
girder  be  constant,  and  the  depth  be  gradu- 
ally diminished,  the  girder  becomes  speedily 
Very  unsteady.  It  ceases  to  possess  any 
rigidity,  for  since  the  deflection  of  a  girder 
with  parallel  flanges  is  inversely  as  the 
square  of  the  depth,  the  limit  is  soon  reach- 
ed when  the  structure  becomes  absolutely 
insecure.  A  considerably  greater  depth 
has  been  used  to  advantage  in  the  case  of 
braced  girders,  which  may  be  regarded  as 
constituting  the  modern  type  of  bridge  and 
roof  building.  The  ratio  varies  between 
T^th  and  -A-th  of  the  span.  In  America, 
where  some  gigantic  specimens  of  timber 
trussed  bridges  exist,  a  proportion  of  -fth 
has  been  adopted  in  some  instances.  For 
iron  girders  of  the  open  web  description  a 
proportion  of  Ttyfb  of  the  span  for  the  depth 
will  give  good  results.  There  is  another 
feature  in  the  design  of  a  girder  which 
bears   prominently  upon  its  stability,  and 
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that  is  the  ratio  of  the  width  of  the  flange 
to  the  span.  The  relation  it  bears  also  in 
this  respect  to  the  depth  should  not  be  over- 
looked. A  very  deep  and  at  the  same  time 
very  narrow  girder  would  be  exceedingly 
likely  to  cant  over,  without  the  dimensions 
of  the  span  possessing  much  influence  in 
the  matter.  To  go  back  to  the  Britannia 
Bridge,  which  to  some  extent  is  still  un- 
rivalled as  an  example  of  iron  construction, 
the  proportion  of  the  width  of  the  flange  to 
the  span  of  the  girder  is  as  high  as  1  to 
31.  But  this  is  an  exceptional  instance,  as 
the  flanges  in  reality  consist  of  entire  booms 
composing  the  whole  cross  section  of  the 
structures.  A  very  good  general  proportion 
is  about  4~th.  The  plate  girders  in  the 
land  spans  on  the  Middlesex  end  of  the 
Charing  Cross  bridge  are  designed  with 
span,  depth,  and  width  of  flanges  in  the 
ratio  of  1,  ^th,  and  -50th.  In  girders  with 
cellular  tops,  which  are  now  obsolete,  the 
proportion  of  ^th  of  the  span  has  been 
adopted  for  the  width  of  flange. 

Passing  on  to  the  braced  form,  it  will  be 
seen  that  the  flange  of  some  well-known 
examples  exhibit  a  still  greater  reduction 
in  their  ratio  of  width  to  the  span.  In  the 
Newark  Dyke  bridge  the  proportion  is  as 
1  to  160,  and  in  the  Crumlin  Viaduct  only 
as  1  to  200.  The  flanges  of  the  girders 
of  this  latter  structure  are  only  9  in.  in 
width.  It  is  not  to  be  wondered  at  that 
both  of  these  structures  evinced  a  great 
want  of  lateral  stability,  and  required  to  be 
strongly  interbraced  and  tied  together 
throughout  the  whole  of  their  longitudinal 
and  transverse  sections,  in  order  that  they 
may  undergo  with  safety  the  heavy  rolling 
load  to  which  they  are  subjected.  So  long 
as  the  load  is  of  a  stationary  description, 
and  situated  either  at  the  centre  or  uniform- 
ly distributed  over  the  whole  length  of  the 
girder,  there  is  nothing  to  affect  its  lateral 
stability,  and  the  flanges  might  be  reduced 


in  width  to  almost  any  dimension,  provided 
the  extremities  over  the  bearings  were  kept 
in  place.  But  the  advent  of  a  rolling  load 
alters  the  conditions  very  materially,  and 
calls  for  an  amount  of  rigidity  and  stability 
which  few  girders  possess  by  virtue  of  their 
independent  construction.  Cast-iron  girders 
are  exceedingly  well  circumstanced  in  this 
respect.  The  great  disproportion  which 
exists  between  the  compressive  and  tensile 
strength  of  this  material  induces  a  similar 
discrepancy  in  the  respective  sectional  areas 
of  the  upper  and  lower  flanges.  The  latter. 
in  consequence  of  containing  from  rive  to 
six  times  as  much  metal  as  the  former,  is 
generally  very  broad  in  comparison,  and 
thus  can  be  firmly  secured  to  the  abutments. 
The  lateral  stability  of  this  description  of 
bridge  is  further  aided  by  the  small  depth 
given  to  the  girders,  and  the  introduction 
of  a  few  tie  rods  passing  through  their  re- 
spective webs.  Small  as  the  width  of  the 
flange  of  the  Crumlin  girders  may  seem  in 
relation  to  the  span,  that  of  some  of  the 
bowstring  and  curved  trussed  girders  adopt- 
ed for  station  roofs  is  less.  The  roof  of  the 
New-street  Station,Birmingham,  has  double- 
headed  tee-shaped  rafters  for  the  principals, 
whose  breadth  is  about  the  212th  part  of 
the  span.  Obviously  no  rafters  of  these 
proportions  could  possibly  remain  upright 
without  the  assistance  of  bracing,  which 
is  furnished  by  the  nature  of  the  struc- 
ture. The  roof  itself  constitutes  a  con- 
tinuous bracing  between  each  pair  of 
rafters,  so  that  it  is  not  a  question,  as  has 
been  before  remarked,  of  the  stability  of 
any  single  girder,  but  of  the  whole  roof  to- 
gether. Besides,  being  subjected  to  no 
rolling  load,  a  roof  can  be  more  thoroughly 
braced  together  than  a  railway  bridge,  and 
with  far  more  economy.  In  the  latter  case. 
therefore,  the  proportion  of  the  width  of  the 
flanges  of  the  girders  to  their  span  is  not 
of  so  much  importance. 


THE  TAY  BKIDGE. 


From  "The  Mechanics'  Magazine. 


The  new  Tay  Bridge,  now  in  course  of 
construction,  will  be  the  longest  bridge  in 
the  world — longer  even  than  the  Victoria 
Bridge,  Montreal.  The  Victoria  Bridge  is 
9, 194  ft.  long,  while  the  Tay  Bridge  will  be 
10,321,  making  a  difference  in  favor  of  the 
Tay  Bridge   of  1,136  ft.      Had  the   Tay 


Bridge  being  eighty  yards  longer,  it  would 
have  been  two  miles  exactly,  and  for  all  in- 
tents and  purposes  it  may  therefore  be 
called  a  two-mile  bridge,  and  will  have  90 
piers  and  89  spans. 

The  details  of  the  vast  undertaking  are 
of  interest.     The  work  was  to  be  completed 
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in  three  years  from.  May,  1871,  and  the  di- 
mensions in  detail  are  as  follows  : 

Between  the  abutment  on  the  Fife  shore 
and  the  abutment  at  Magdalen  Point,  on 
the  Dundee  shore,  there  are  to  be  89  spans, 
three  of  which — counting  from  Newport — 
will  be  60  ft.  wide  ;  two  of  80  ft. ;  twenty- 
two  of  120  ft. ;  fourteen  of  200  ft.  ;  sixteen 
— counting  from  the  centre  of  the  bridge  to 
the  Dundee  side — of  120  ft.  ;  twenty-five  of 
66  ft.  ;  one  of  160  ft. ;  and  six  of  27  ft.  The 
greatest  height  of  the  bridge  will  be  88  ft. 
above  high-water  mark.  The  bridge  is 
slightly  in  the  form  of  an  arch.  Leaving 
from  the  Newport  side,  the  gradient  is  one 
in  100  for  three  spans,  and  from  this  point 
it  is  only  one  in  353  until  the  centre  of  the 
bridge  is  reached,  and  drops  again  with  a 
gradient  of  one  in  73,  and  continues  at  this 
until  the  Dundee  shore  is  reached.  The 
piers  are  made  double,  and  are  in  the  form 
of  cylinders,  made  of  cast  iron,  which  are 
again  filled  in  with  bricks.  The  quantity 
of  cast  iron  required  for  the  cylinders  is 
2,600  tons,  while  the  superstructure  is  all 
malleable  iron,  3,600  tons  of  which  is  re- 
quired. There  are  at  present  about  90  men 
employed  at  the  works.  The  contract  for 
the  whole  bridge  was  taken  by  Mr.  De 
Bergue,  for  £217,000. 

The  braced  piles  that  will  be  used  from 
the  north  side  weigh  650  tons  in  all.  There 
will  be  about  36,000  yards  of  brick  and  con- 
crete work,  and  some  87,000  cubic  feet  of 
timber.  The  operations  in  the  construction 
of  the  bridge  are  peculiar.  The  usual  man- 
ner of  laying  piers  of  the  kind  used  for  the 
Tay  Bridge  is  to  erect  heavy  staging,  from 
which  the  cylinders  of  the  pier  are  guided 
into  their  places.  But  in  this  case  there  is 
not  depth  of  soil  for  pile-driving.  The  cast- 
iron  cylinders  and  brickwork  are  first  built 
on  the  shore,  at  the  water-edge,  then  floated 
into  their  places  by  means  of  pontoons,  and 
lowered  into  position  by  hydraulic  appara- 
tus. The  excavating  for  the  foundation 
must  be  done  with  great  care,  and  is  ac- 
complished by  the  ordinary  air-compression 
system.  The  solidity  and.  stability  of  the 
whole  structure  must  depend  on  the  firm- 
ness of  the  base  of  the  cylinders,  and  there 
must  be  great  exactness  in  the  fitting,  and 
strength  in  the  cement  used  in  the  brick- 
work and  concrete.  A  piece  of  the  cement, 
1J  in.  sq.,  which  had  been  used  on  Decem- 
ber 19th,  and  since  then  kept  in  water,  was 
submitted  to  strain,  breaking  at  1,120  lbs. 
This  cement  becomes  stronger  the  longer  it 


is  kept  in  the  water,  up  to  a  period  of  five 
years,  when  it  reaches  its  maximum  strength. 
The  first  cylinder  was  floated  into  its  place 
on  October  of  last  year,  and  was  finished 
by  November  29th.  The  three  rectangular 
piers  are  68  ft.  high,  measured  from  high- 
water  mark.  Two  of  the  spans,  or  super- 
structures, of  the  rectangular  piers  are 
already  placed,  while  more  are  about  read}r. 
Four  pier  foundations  are  finished,  which 
are  the  most  tedious  part  of  the  work.  The 
new  plan  adopted  in  the  construction  of 
these  piers,  which  joins  the  two  cylinders 
into  one,  gives  great  compactness  and 
strength  in  the  simplest  way.  The  laying 
of  the  first  six  or  eight  pier  foundations  is 
made  more  difficult  from  the  depth  of  water, 
which  at  full  tide  is  about  32  ft.  and  18  ft. 
at  low  tide.    The  briige  is  for  a  single  line. 


Coatixg  of  nickel  adds  so  much  to  the 
beauty  and  durability  of  most  objects 
made  of  cast  iron,  wrought  iron  and  other 
common  metals,  that  the  following  process, 
published  by  Stolba,  must  prove  very  valu- 
able if  the  deposit  is  at  all  equal  to  that 
produced  by  ordinary  plating.  A  quantity 
of  concentrated  chloride  of  zinc  solution  is 
placed  in  a  clean  metallic  vessel,  and  to 
this  is  added  an  equal  volume  of  water. 
This  is  heated  to  boiling,  and  hydrochloric 
acid  is  added  drop  by  drop  until  the  precip- 
itate which  has  formed  on  adding  water  has 
disappeared.  A  small  quantity  of  zinc 
powder  is  now  added,  which  produces  a 
zinc  coating  on  the  metal,  as  far  as  the  li- 
quid extends.  Enough  of  the  nickel  salt 
(chloride  of  sulphate)  is  then  added  to  color 
the  liquid  distinctly  green ;  the  objects  to 
be  plated  are  placed  in  it,  together  with 
some  zinc  clippings,  and  the  liquid  is 
brought  to  boiling.  The  nickel  is  precipi- 
tated in  the  course  of  15  minutes,  and  the 
objects  will  be  found  to  be  completely  coat- 
ed. The  coating  varies  in  lustre  with  the 
character  of  the  metallic  surface ;  where 
this  is  polished,  the  plating  is  likewise  lus- 
trous, and  vice  versa.  Salt  of  cobalt  af- 
fords a  cobalt  plating,  which  is  steel  grey 
in  color,  not  so  lustrous  as  the  nickel,  and 
more  liable  to  tarnish. 


Theke  are  17  pneumatic  tube  lines  in  op- 
eration in  London,  varying  in  length 
from  980  yards  to  29  yards. 


PETROLEUM. 
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{Continued  from  p.  228. ) 


II. 


A  REVIEW  OF  THE  MOST  IMPORTANT  CHANGES 
FROM  THE  OLD  TO  THE  PRESENT  APPLI- 
ANCES   USED    IN   ARTESIAN   DRILLING. 

Whatever  overestimate  may  at  any  time 
have  been  placed  upon  the  business  of  oil 
producing,  the  remarkable  genius  and  self- 
reliance  of  the  operator  himself  in  the  rapid 
improvement  of  the  machinery  used  for  the 
purpose,  merits  well  our  interest  and  atten- 
tion. 

When  this  advance  is  fully  understood, 
justice  to  the  operators  cannot  fail  to  con- 
cede that,  as  a  class,  they  are  men  of  more 
than  average  capacity ;  the  art  of  Artesian 
drilling  and  pumping  has  with  them  reach- 
ed a  point  which,  as  an  old  driller  remarked, 
"seems  perfection  itself;"  the  latest  and 
best  books  on  the  subject  as  well  as  the  last 
Encyclopaedia  are  alike  waste  paper,  while 
to  look  back  at  the  celebrated  well  of  "  Gren- 
elle,"  in  France  (so  long  a  standard  in  deep 
borings),  we  would  find  the  drillers  but 
babes  and  novices  in  their  calling,  and  their 
wonderful  tools  only  a  poor  assortment  of 
fantastic  old  iron. 

Such  improvements,  too,  as  have  met  with 
successful  adoption,  have  been  devised  in- 
variably by  the  operators  themselves  as  the 
result  of  practical  experience  in  supplying 
a  want ;  the  happiest  inventions  of"  other 
occupations  have  often  been  the  work  of 
men  totally  disconnected  with  them,  but 
there  is  not  in  use  to-day,  within  the  writ- 
er's knowledge,  a  single  successful  improve- 
ment that  is  the  effort  of  an  "  outsider " 
or  of  the  men  whom  the  world  regards  as 
its  brighter  lights  in  science  or  mechanical 
skill. 

Their  operations,  nevertheless,  are  free 
from  all  superstitious  or  foolish  precedents 
which  are  so  liable  to  follow  a  purely  prac- 
tical education  on  any  subject ;  the  quarry- 
man,  for  instance,  "  slows  "  his  powder  with 
sawdust,  and  feels  better  for  the  practice, 
but  it  is  rare  indeed  to  find  useless  metal 
or  wasted  motion  in  the  tried  appliances  of 
the  oil  country. 

It  would  hardly  be  possible  within  the 
limits  of  this  paper  to  attempt  more  than  a 
condensed  description  of  that  which  is  prom- 
inently novel,  still  less  so  to  include  all  of 
even  the  most  valuable  inventions  relating 
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at  this  time  to  well-boring,  and  it  is  with 
no  intention  to  discriminate  that  the  ones 
here  mentioned  are  selected.  In  fact,  even 
a  thorough  treatise  on  anything  as  progres- 
sive as  this  has  been,  is  liable  to  be  soon 
out  of  date. 

To  understand  what  has  been  done  let  us 
look  back  to  1869-70.  A  small  4-horse 
portable  engine,  a  set  of  300  lbs.  drilling 
tools,  light  band  and  bull  wheels  of  about 
4  ft.  diameter,  and  a  derrick  just  high  and 
strong  enough  to  hold  a  farm  dinner-bell, 
completed  the  necessary  outfit  at  this  time  ; 
the  wells  then  were  3  in.  holes  with  a  max- 
imum depth  of  300  ft. 

A  leather  bag  filled  with  flaxseed  and 
tied  around  the  tubing  below  the  line  of  the 
surface  water,  excluded  it  by  the  swelling 
of  the  flaxseed  from  the  oil-bearing  rock ; 
but  whenever  the  tubing  was  drawn,  which 
was  a  matter  of  constant  occurrence,  the 
surface  water  poured  at  once  into  the  crev- 
ices below. 

For  the  consideration  of  the  present  meth- 
od of  drilling,  let  us  divide  our  subject  into 
five  parts — the  rig,  the  well,  the  motive 
power,  the  tools,  and  pumping. 


The  rig  is  composed  of  the  derrick,  band 
and  bull  wheels,  sand-pump  reel,  sampson- 
post,  walking-beam  and  engine-house. 

The  present  derrick  is  built  "balloon 
frame,"  12  to  16  ft.  square  at  base  and  from 
50  to  60  ft.  in  height,  resting  on  hewed  oak 
sills,  12  in.  by  18  in.,  framed  and  pinned  at 
corners  ;  the  four  corner  posts  are  of  pine 
plank  2  in.  by  10  in.,  spiked  together  on  an 
angle,  and  connected  with  cross-ties  and 
diagonals  of  8  in.  by  1|  in.;  the  top  holds 
the  usual  cast-iron  derrick  pulley  and  a  lad- 
der to  reach  it  is  constructed  upon  one 
side. 

The  bull  wheel  now  in  use  is  shown  in 
Fig.  1.  Four  main  arms,  oak,  8  in.  by  2£  in., 
pass  clear  through  the  shaft  and  are  locked 
and  keyed ;  the  false  arms  between,  2  in.  by 
6  in.,  wedge  upon  each  other  at  the  shaft  and 
are  firmly  held  by  the  three  thicknesses  of 
pine  boards  forming  the  outer  rim. 

The  total  length  of  oak  shaft  is  from  10.V 
to  12  ft.,  diameter  13  in.,  length  between 
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wheels  6  to  7  ft.,  diameter  of  wheels  6.}  to 
7  ft.,  bearing  pin  on  ends  2|  in.  by  4  in. 

The  manner  of  securing  the  iron  bearing 
pin  and  plate  to  the  end  of  the  oak  shaft  is 
shown  by  Irig.  2. 


The  brake  is  a  simple  iron  strap  or  rope 
applied  as  shown  in  Fig.  1.,  and  a  wooden 
pawl  is  used  to  fall  from  above  against  the 
arms  as  a  permanent  stop  when  desired. 

In  the  band  wheel  but  little  change  is 


apparent  except  that  of  increased  size,  the  !  of  the  wheel  is  9  in.  and  the  whole  is  built 
present  diameter  being  about  7  ft.  and  the  j  of  inch  pine  lumber,  surfaced  to  a  uniform 
rope  pulley  wheel  on  the  side  5  ft.;  the  face  I  thickness. 


The  grooves  of  the  rope  pulleys  on  both  '  are  firmly  mounted  on  the  shaft,  and  revolv- 
band  and  bull  wheels  are  made  of  hard  j  ed  on  temporary  bearings, 
wood,  and  to  insure  a  perfect  outer  circle,  |      The  sand-pump  reel  has,  until  recently, 
the  edges  are  turned  off  after  the  wheels    been  an  apparently  awkward  and  clumsy  af- 
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iair ;  acting  as  a  friction  pulley  against  the 
band  wheel,  with  the  bevelled  face  necessi- 
tated by  the  different  angle  of  the  shaft,  its 
tendency  was  to  self-destruction  even  when 
most  carefully  and  securely  fitted  up  ;  the 
style  shown  in  Figs.  3  and  4,  is  perhaps  the 
best  means  of  obviating  these  difficulties, 


the  iron  rim,  as  will  be  seen  by  the  section 
shown  in  Fig.  4,  being  kept  and  adjusted 
by  the  bolts  firmly  in  place  on  the  arms. 

A  solid  wheel  of  hard  wood  with  wooden 
keys  is  sometimes  used,  also  a  piece  of  casing 


with  bearing  pins  in  the  end,  and  an  ordi- 
nary cast-iron  pulley-wheel  keyed  upon  it. 

The  shaft  shown  in  Fig.  3  is  of  oak,  about 
8  ft.  in  length,  8  in.  in  diameter,  and  witli 
bearing  pins  of  the  pattern  shown  in  Pig. 
2,  the  arms  of  the  wheels  passing  through 
the  shaft. 

The  sampson-postand  walking-beam  have 
gradually  increased  in  size  until  the  one  is 
a  post  of  20  in.  square,  and  the  other  from 
20  to  24  ft.  in  length  with  a  section  at  the 
centre  of  30  by  18  in. 

The  great  weight  of  the  walking-beam, 
has  perhaps  somewhat  of  the  effect  of  a  fly- 
wheel, where  a  fly-wheel  nevertheless  is  not 
found  to  be  a  practical  success. 

The  utmost  care  is  shown  in  making  the 
foundation  of  the  sampson-post  and  band 
wheel  frame  perfectly  solid  and  substantial ; 
two  long  hewed  oak  sills  for  the  latter,  not 
less  than  12  in.  by  20  in.,  pass  clear  under 
the  derrick  sills,  the  posts,  cap  and  braces 
of  band  wheel  frame,  as  shown  in  Fig.  5, 
being  of  pine,  10  in.  by  12  in.,  the  caps 
bolted  through  to  the  sill. 


in  m 


THE    WELL. 

To  Col.  Drake  we  are  indebted  for  the 
invention  of  the  driving-pipe,  which,  if  pat- 
ented at  the  time,  would  have  given  him  the 
fortune  his  pluck  deserved.  As  a  means 
of  passing  through  the  soft  earth  overlying 
the  rock,  it  probably  will  never  be  excelled ; 
the  only  prominent  change  made  is  the  in- 
crease of  diameter,  which  for  ordinary  drill- 
ing is  at  present  8  in. 

Who  first  used  casing  in  a  well  ?  is  a  nut 
the  lawyers  are  cracking  at  present. 

Putting  down  a  thin  iron  pipe  of  5|  in. 
diameter,  below  the  lowest  fresh  water  vein, 
and  retaining  the  water  by  a  seed-bag  or 
water-packer,  between  the  outside  of  the 
pipe  and  the  wall  of  the  well,  enables  the 
driller  to  proceed  in  his  work  without  stop- 


page or  annoyance,  pouring  in  from  the 
surface  such  water  as  he  may  need,  and 
when  the  well  is  completed,  to  take  his  tub- 
ing in  and  out  of  the  well  at  pleasure,  still 
keeping  the  fresh  water  permanently  from 
the  oil-bearing  sand. 

In  fact,  the  entire  operations  of  drilling 
and  pumping  are  carried  on  through  the 
casino:,  and  not  until  a  well  is  finallv  aban- 
doned  is  the  casing  drawn. 

In  this  connection  the  Griffin  water  pack- 
er, Fig.  6,  is  a  wonderful  improvement  on 
the  bag  of  flaxseed  formerly  used ;  as  will  be 
readily  seen,  the  weight  of  the  column  press- 
es the  leather  against  the  sides  of  the  well, 
forming  an  effectual  stoppage ;  by  means  of 
a  left-hand  screw  it  can  be  loosened  in  a 
few    minutes,   and  drawn  out  of  the  well 
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without  difficulty  ;  that  anything  so  simple 
should  avoid  the  miseries  and  expense  long 


Fib  6. 

c: 


attendant  on  the  seed-bag,  cannot  fail  to 
provoke  a  quiet  laugh. 


MOTIVE  POWER. 

Of  the  countless  patterns  of  engines  and 
boilers  that  flooded  the  oil  country  in  1865, 
not  one  has  stood  the  test  of  time ;  those 
few  from  abroad  who  compete  to-day  in  the 
trade,  have  been  compelled  to  conform  their 
work  especially  to  its  requirements. 

The  propensity  of  the  oil  producer  to 
have  everything  made  at  home  is  hard  to 
contend  against,  especially  when  it  is  sup- 
ported by  the  spirit  and  enterprise  of  man- 
ufactories such  as  the  "Titusville  Manu- 
facturing Co.,"  and  the  "  Novelty  Iron 
AVorks,"  two  immense  establishments  and 
first-class  in  every  way. 

Fig.  7  is  the  plan  of  an  engine,  one  of 
several  styles,  comprising  in  the  main  the 
most  desirable  features  of  a  drilling  engine, 
among  which  may  be  included,  durable 
alignment,  simplicity  of  construction,  and 
an  adjustable  cut-off,  permitting  close  econ- 
omy in  the  use  of  steam ;  while  it  takes  the 


Fig.  7 


full  power  of  an  engine  to  drill  and  draw 
tools  expeditiously,  it  requires  but  a  small 
fraction  of  that  power  to  pump,  so  that, 
when  one  boiler  is  furnishing  steam  to  pump 
three  or  four  wells,  it  is  essential  that  each 
engine  should  take  the  minimum  amount 
required.  This  is  accomplished  by  a  link 
motion  of  the  etcentive,  where,  by  adjust- 
ing the  link,  the  steam  will  follow  the  pis- 
ton from  one-fourth  to  five-sixths  of  the 
stroke,  working  the  balance  of  the  stroke 
by  expansion. 

The  engines  now  in  common  use  are  from 
12  to  15  horse-power,  the  boiler  from  15 
to  20 — to  give  ample  steam  for  drilling  and 
to  pump  a  number  of  wells  when  completed ; 
the  steam-pipes  to  the  several  engines  be- 
ing  covered  by  a  wooden  pipe,  or  boxed 


with  some  non-conductor  of  heat  to  prevent 
condensation. 

A  very  novel  method  of  transmitting 
power  to  distant  wells  from  one  engine  and 
boiler,  is  that  of  belting  long  distances  by 
means  of  wire  rope ;  it  has  been  most  suc- 
cessfully used  by  Mr.  Stiles,  of  the  "  Vol- 
cano Oil  Co.,"  West  Virginia,  in  one  in- 
stance running  a  well  600  ft.  from  the  boil- 
er, with  a  remarkably  small  loss  for  friction. 

DRILLING    TOOLS. 

An  old  set  of  tools  (unused)  made  in 
1861,  and  weighing  300  lbs.,  were  lately 
sold  as  old  iron,  in  Titusville,  for  the  sum 
of  $15,  the  original  cost  being  $350. 

A  set  of  tools  to-day  weighs  from  1,800 
to  1,900  lbs.,  and  costs  from  $300  to  $350. 
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They  consist  of  a  temper  screw,  rope 
-socket,  auger  stem,  sinker-bar  and  substi- 
tute, the  jars,  two  bitts,  a  round  and  flat 
reamer  and  two  wrenches.  (See  Fig.  8.) 


entirely  of  Norn-ay  iron  (2  in.  thick),  with 
the  exception  of  the  inner  faces  and  ends 
of  the  slotted  openings,  which  are  lined 
with  steel ;  the  whole  being  heated  red-hot 
and  carefully  annealed  to  effect  a  thorough 
union  of  the  metals.  The  stroke  of  the  jars 
has  been  reduced  to  12  in.,  and  their  total 
length  is  about  6  ft.  The  bitts  are  made 
of  Norway  iron  with  40  lbs.  of  Sheffield 
steel  on  the  point,  which  is  draTvn.  to  a  width 
of  5|  in.,  more  or  less,  according  to  the 
depth  of  the  well. 

The  flat  and  round  reamers  are  made  also 


The  temper  screw  varies  little  from  for- 
mer use  except  in  size,  the  present  total  length 
toeing  about  5  ft.;  the  details  of  its  construc- 
tion are  fully  shown  by  the  cut.     The  au- 
;ger  stem,  sinker-bar  and  substitute  are  re-  j 
spectively  24,  14,  and  5  ft.  in  length ;    the  | 
substitute  being  used  in  starting  the  well,    j 
They  are  made  in  the  body  of  common  i 
round  iron  (2|  to  3  in.),  with  boxes  and  pins  | 
of  Norway  iron.     Pins  are  2|  in.  in  length,  \ 
2§  in.  diameter,  8  threads  to  the  inch,  and  ! 
with  the  least  possible  taper  to  prevent  be- 
ing  loosened  by  the  constant  jar,  which  has 
.-also  the  tendency  to  crystallize  the  iron  in 
.the  pins  and  boxes ;  making  it  necessary  to 
a-enew  them  at  intervals.     The  jars  are  made 


H 


of  Norway  iron  with  more  steel  on  the  point. 
There  are  also  extra  tools  for  various  pur- 
poses. 
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The  hollow  reamer  (Fig.  9),  for  straight- 
ening a  crooked  hole,  will  explain  itself.  A 
spud  or  spoon  for  enlarging  the  well  around 
a  stuck  tool,  is  simply  half  a  hollow  reamer ; 
a  slip  socket,  to  drop  over  the  head  of  a  tool 
that  is  fast,  with  dogs  or  teeth  to  drop  out 
and  catch  under  the  collar ;  a  horn  socket 
or  tapering  iron  tube,  to  drive  and  wedge 
upon  the  head  of  any  fastened  iron, — all 
these,  with  many  others,  often  specially  de- 
vised and  constructed  for  the  occasion,  are 
too  numerous  to  be  included  in  this  paper. 

The  cable  used  is  a  6  in.  untarred  manilla 
rope,  only  heavier  than  formerly,  to  meet 
the  increased  weight  of  the  tools. 

The  wire  rope  has  not  yet  been  made  that 
will  answer  for  drilling  purposes,  as  none 
are  sufficiently  pliable  to  use  on  the  shaft  of 
a  bull  wheel,  and  to  increase  the  diameter 
of  the  shaft  would  cause  loss  of  power. 


The  sand  pump  shown  in  Fig.  10  com- 
bines two  advantages, — first,  the  valve  with 


a  drop-stem  to  open  it  on  reaching  the  bottom 
of  the  well ;  and  second,  the  piston,  which 
keeps  its  place,  at  the  bottom  of  the  pumpy 
while  being  lowered,  but  when  drawn  up, 
fills  the  pump  by  its  suction  with  the  loose- 
sand  and  water. 

PtrSTPIIfG. 

The  main  improvements  under  this  head 
may  be  included  in  the  two  items  of  valves 
and  sucker  rods  ;  without  wishing  to  slight 
in  the  least  the  valuable  pumps  of  various 


kinds  that  are  in  use,  the  majority  of  wells- 
are  at  present  pumped  with  plain  working.; 
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barrels  and  valves,  of  which  three  styles 
are  shown  in  Fig.  11. 

The  four-cup  valve  is  quite  durable  and 
much  used ;  it  has  four  leather  cups  as 
shown,  which  can  be  renewed  when  worn; 
when  gas  is  strong  the  second,  or  "  Crocker" 
valve  is  preferred,  the  "  Allen  "  valve  next ; 
it  is  a  water-packer,  and  has  been  in  use  for 
years.  The  ordinary  standing  valve  is 
placed  as  usual  in  the  bottom  of  the  work- 
ing barrel. 

The  two  styles  of  sucker-rod  joints  most 
used  at  present,  are  shown  in  Fig.  12.  The 
rivets  in  the  old  fish-tail  joints  were  con- 
stantly dropping  into  the  working  barrel ;  to 
remedy  this,  Mr.  Innis  gives  us  a  joint  with- 
out any  rivets,  where  the  wood  is  driven 
into  the  metal  socket  and  widened  with  a 
wedge,  and  the  joint  of  Mr.  Hunt,  made 
by  driving  the  socket  firmly  into  the  wood, 
and  passing  two  rivets  in  opposite  direc- 
tions ;  there  being  no  cross  strain  on  the 
rivets  to  tear  off  the  heads,  and  the  holes 
for  the  rivet  in  the  socket  being  reamed 
with  a  flare,  so  that  the  head  of  the  rivet 
does  not  project  above  the  face  of  the  socket, 
and  therefore  cannot  be  worn  off  by  abra- 
sion with  the  sides  of  the  tubing ;  both  are 
equally  good  rods,  and  satisfactory  in  every 
way. 

The  body  of  the  sucker  rod  is  made  of 
the  best  upland  ash,  1|  in.  in  diameter 
when  dressed,  and  in  length  of  from  24  to 
28  ft. 

To  the  casual  reader  all  these  thino-s  will 


appear  as  simplicity  itself,  and  he  will  see 
little  ground  for  the  merit  and  skill  that 
they  claim  to  indicate  ;  but  if  he  was  not  in 
"  oil "  in  1865,  he  must  remember  that  the 
pathway  to  this  success,  like  all  others,  is 
strewn  thick  with  failures — failures,  too,  so 
disheartening,  that  nothing  but  the  purest 
grit  backed  with  untold  self-reliance  could 
overcome. 

As  an  instance  of  this,  it  may  be  stated 
that  probably  not  less  than  five  hundred 
different  patterns  of  engines  have  been  used 
in  the  region  since  the  first  well ;  and  that 
the  inventions  upon  every  other  branch  of 
the  subject  are  proportionately  numerous, 
the  records  of  the  Patent  Office  will  bear 
ample  witness. 

The  next  great  problem  that  will  engage 
the  attention  of  oil-men,  will  be  to  overcome 
the  great  expense  attendant  upon  the  sink- 
ing and  pumping  of  deep  holes ;  until  this 
is  accomplished  the  extension  of  the  south 
line  of  the  Pennsylvania  oil  regions  will 
daily  become  more  difficult. 

In  conclusion,  the  writer  desires  to  im- 
press the  fact  that  the  special  instances  here 
presented  are  the  successful  result  of  years 
of  thought  and  experiment  in  each  particu- 
lar case,  that  their  value  lies  in  that  fact, 
and  that  they  comprise,  perhaps,  the  essence 
of  modern  artesian  drilling. 

To  any  one  seeking  for  accurate  details 
of  the  hundreds  of  auxiliary  devices,  a  visit 
to  the  country  itself  would  be  essential  and 
highly  profitable. 
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The  rapidly  increasing  depth  of  many 
collieries  makes  it  highly  desirable  that  their 
winding  arrangements  should  be  as  safe  as 
economical,  and  some  of  our  readers  may 
therefore  feel  interested  in  a  brief  account 
of  the  rolling  principles  which  are  adopted 
in  this  respect  in  one  of  the  greatest  colliery 
districts  of  the  Continent,  namely,  in  West- 
phalia. The  coal  basin  of  the  Euhr  com- 
prised in  1870,  224  mines  actually  working, 
and  giving  employment  to  52,160  miners. 
The  quantity  of  coal  raised,  was  11,812,529 
tons,  worth  £3,500,000  at  the  pit's  mouth. 
The  number  of  steam  engines  was  578,  of 
61,778  horse  power  ;  of  which  were  em- 
ployed in  pumping,  199 ;  winding,  304  ; 
pumping  and   winding   combined,    28;    in 


driving    ventilators,  30 ;    for  coal- washing 
machinery,  13  ;  and  for  man  engines,  6. 

A  great  number  of  the  coal-pits,  particu- 
larly in  the  northern  districts,  towards 
which  the  coal  measures  uniformly  dip, 
have  already  reached  a  depth  of  over  150 
fathoms,  and  are  fast  approaching  the  200 
fathoms  level ;  such,  for  instance,  are  the 
mines,  Oberhausen,  Pluto,  Nordstern,  Courl, 
Margaretha,  Hibernia,  Yon  der  Heydt,  and 
others.  Good  and  economical  winding 
arrangements  have  consequently  become 
for  them  a  question  of  great  importance, 
and  all  improvements  are  carefully  watehed 
and  tried  in  the  district.  We  may  remark 
here,  however,  that  the  mines  just  mention- 
ed, although  undoubtedly  deep,  will  scarcely 
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compare  with  many  pits  now  being  worked 
in  this  country,  or  with  the  still  greater 
number  of  deep  Belgian  mines.  For  in- 
stance, there  are  in  the  Lancashire  district 
the  Pendleton,  the  Douglas  Bank,  and  the 
Worthington  pits,  all  about  300  fathoms 
deep,  while  there  is  the  Dukinfield,  with  a 
depth  of  nearly  350  fathoms,  and  the  Rose- 
bridge  Colliery,  now  the  deepest  mine  in 
England,  with  a  depth  of  2,418  ft.,  or  over 
400  fathoms.  In  the  Durham  district  there 
are  several  collieries,  such  as  the  Seaham, 
the  Monkwearmouth,  the  Ryhope,  etc.,  with 
depths  of  from  250  to  300  fathoms,  while 
in  Belgium  the  enormous  depth  of  3,489  ft. 
has  been  reached  in  the  case  of  the  Simon 
Lambert  pit.  This  colliery  is,  however,  we 
believe,  not  now  being  worked. 

In  order  to  facilitate  the  inter-communi- 
cation of  experience  and  the  discussion  of 
new  arrangements,  the  mining  engineers  of 
Westphalia  have  formed  themselves  into  an 
association — the  Yerein  Tecnischer  Gruben- 
beamten — which  meets  every  two  months 
in  one  or  the  other  towns  of  the  coal  dis- 
trict, when  papers  on  technical  or  other 
subjects  of  interest  to  coal  mining  are  read 
and  discussed.  At  the  meeting  held  on 
February  18th  last,  at  Dortmund,  a  paper 
was  read  by  M.  Erdmann,  "  On  the  more 
Recent  Arrangements  for  Winding  in 
Shafts,"  which  found  general  approval,  and 
of  which  we  propose  to  give  some  parti- 
culars. 

In  selecting  machinery  for  winding  pur- 
poses in  deep  shafts,  three  principal  mat- 
ters have  to  be  considered :  1.  The  possi- 
bility of  raising  a  maximum  of  stuff'.  2. 
The  guarantee  for  obtaining  the  maximum 
of  safety.  3.  The  greatest  possible  econom- 
ical saving,  or  the  minimum  of  expense. 
The  quantity  of  stuff  raised  in  a  given  time 
from  a  certain  depth  depends  on  the  time 
required  by  the  banksmen  for  running  the 
tubs  or  wagons  in  and  out  of  the  cages, 
the  speed  of  driving  in  the  pit,  and  lastly, 
the  quantity  of  coal  to  be  raised  with  each 
draw  or  lift.  The  loading  and  unloading 
of  the  cages  takes  least  time  when  the  tubs 
can  be  placed  in  the  cage  side  by  side, 
and  it  is  considered  by  M.  Erdmann  that  in 
new  pits  the  arrangements  should  be  made 
so  that  four  wagons  can  be  placed  on  the 
same  platform  or  deck,  one  pair  behind  the 
other.  When  the  area  of  the  shaft  does 
not  admit  of  such  an  arrangement,  cages, 
with  several  tiers  or  decks  must  be  em- 
ployed, but  then  special  platforms  should 


be  provided  for  every  tier  to  allow  all  tubs 
to  be  run  out  simultaneously,  and  to  avoid 
a  repeated  lifting  or  lowering  of  the  cage  at 
each  draw.  The  signals,  which  are  used 
to  communicate  between  the  bottom  and 
the  bank,  are  of  considerable  importance 
for  shortening  the  time  during  which  the 
winding  machinery  is  standing  still ;  electric 
signalling  apparatus,  such  as  that  of  Dr. 
Gurlt,  having  the  preference.  The  driving 
speed  in  the  shafts  has  in  many  instances 
reached  30  ft.  a  second,  and  it  appears 
that  this  is  considered  near  the  obtainable 
maximum,  so  that  little  more  can  be  ex- 
pected in  that  direction,  if  regard  be  paid  to 
the  necessary  safety.  However,  the  quan- 
tity of  stuff  raised  at  each  draw  can,  in 
most  cases,  be  advantageously  increased  ;  as, 
compared  with  the  dead  weight  of  the  cage, 
rope,  and  tubs,  it  forms  only  a  small  frac- 
tion of  the  whole  weight.  This  dead  weight, 
M.  Erdmann  considers,  can  be  materially 
lessened  by  the  use  of  tapering  pit  ropes, 
and  many  existing  engines  could  thus  be 
made  capable  of  Hfting  a  larger  amount  of 
coal  than  they  can  do  now  with  even  ropes. 
The  facility  of  starting  the  engine  has 
again  a  great  influence  on  the  maximum 
lifting  power  obtainable.  With  powerful 
engines,  hfting  valve  gear  is,  in  the  Ruhr 
district,  generally  preferred  to  slide  gear, 
the  latter  requiring  too  much  power,  and  the 
arrangements  with  a  supplementary  steam 
cylinder  for  reversing,  etc.,  which  is  very 
well  for  heavy  marine  engines,  having  end- 
ed in  failure  with  winding  engines.  The 
valves  are  occasionally  also  a  source  of 
annoyance,  particularly  when  they  stick,  in 
consequence  of  water  having  found  access 
to  them  ;  however,  this  can  be  avoided  by 
adopting  suitable  arrangements  of  discharge 
valves.  The  rotating  parts  of  the  machinery, 
M.  Erdmann  considers,  should  be  construc- 
ted as  light  as  possible,  in  order  to  lessen 
the  vis  viva,  and  to  facilitate  the  stopping 
of  the  engine  in  the  shortest  possible  time. 
It  is  very  important  that  all  parts  of  the 
engine  should  be  seen  by  the  driver,  and 
horizontal  engines,  offering  the  greatest 
advantage  in  this  respect,  have  been  gener- 
ally adopted  in  the  Ruhr  district.  The 
diameter  of  cylinders  shoidd  be  greats — 36 
in.  to  42  in.  seems  to  touch  the  advantageous 
maximum — and  the  engines  should  be 
direct-acting.  With  new  shafts  two  en- 
gines should  always  be  employed,  as  is  the 
case  in  the  Saar  district,  one  acting  as  a 
reserve,  and  being  generally  used  only  for 
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the  transport  of  the  miners.  The  greater 
security  in  working  the  shaft,  and  the  time 
saved  for  raising  coal  by  the  ordinary  en- 
gine, amply  repays  the  increased  outlay. 
The  steam  to  be  used  must  be  raised  to  5 
or  6  atmospheres,  and  the  boilers  construct- 
ed accordingly. 

With  regard  to  the  greatest  possible 
safety  in  pit  winding,  a  rigorous  supervis- 
ion of  the  shaft  and  engines  is  the  chief 
requirement,  as  most  accidents  can  be  tra- 
ced back  to  irregularities  in  the  shaft,  or 
the  carelessness  of  the  engine  driver.  The 
elasticity  of  the  pit  ropes  is  also  a  condition 
of  safety.  Inelastic  and  brittle  ropes  are 
entirely  inadmissible,  as  from  even  small 
hindrances  in  the  pit  they  are  subjected  to 
shocks,  the  important  action  of  which  few 
have  considered,  but  which,  however,  can  be 
readily  calculated.  Steel  ropes,  offering 
up  to  their  breaking  load  only  an  elonga- 
tion of  4  per  cent,  as  compared  with  iron 
ropes,  which  will  allow  20  per  cent.,  are 
■considered  by  M.  Erdmann  to  give  less 
safety,  and  the  latter  should  be  preferred. 
Their  flexibility  has  a  great  influence  on  the 
wear  and  tear.  Ropes  made  from  hemp,  or 
aloe  fibre,  are  more  flexible  than  iron  ropes  ; 
they  compare,  however,  to  their  disadvan- 
tage for  their  less  strength  in  proportion 
to  their  weight.  The  flexibility  of  iron 
ropes  can  be  increased  by  using  very  thin 
wire,  and  a  diameter  of  5  millimetres  (= 
about  0.2  in.)  should  not  be  surpassed. 
For  the  same  purpose  the  diameter  of  the 
drums,  and  sheaves,  or  pulleys,  may  be  in- 
creased ;  the  former  are  generally  in  the 
Ruhr  district  not  less  than  17  ft.,  and  the 
latter  10  to  12  ft. ;  however,  for  the  sheaves 
it  is  commendable  to  give  a  greater  diam- 
eter. It  is  a  rule  to  give  to  drums  and 
sheaves  a  diameter  1,000  times  greater  than 
that  of  the  wire,  that  is  for  5  mill,  wire  161 
ft.  The  groove  of  the  sheaves  is  best  turned 
after  the  sheaves  are  mounted  in  their 
frames,  in  order  to  offer  the  least  friction 
to  the  rope. 

The  guides  down  the  shaft  are  to  be 
fastened  with  great  care,  screw  bolts  being 
used.  As  most  of  the  safety  catches,  as 
those  of  Calow,  Libotte,  White,  and  Grant, 
etc.,  are  constructed  with  claws,  the  guides 
are  generally  made  of  timber ;  however,  M. 
Erdmann  considers  that  guides  of  iron  rails 
are  preferable,  and  they  allow  the  applica- 
tion of  Hoppe's  safety  catch  with  wedge 
brake,  which  has  proved  to  be  a  great  suc- 
cess, and  does  not  arrest  the   falling  cage 


with  a  sudden  grip  in  the  timber,  but  by  a 
gradual  and  sure  action  of  the  wedges 
upon  the  iron  guide.  The  cage  is  thus 
brought  to  a  stand-still  without  any  violent 
concussion,  in  the  same  way  as  the  speed 
of  a  railway  train  is  lessened.  In  order  to 
avoid  overwinding,  the  pit-head  frames 
have  to  be  made  sufficiently  high ;  or  be- 
tween the  rope  and  the  connecting  chains 
of  the  cage,  claws  or  shears  are  to  be  applied, 
which  will  open  at  a  certain  height  above 
the  bank,  or  a  self-acting  steam  brake  may 
be  used,  in  which  case  the  brake  ring 
should  act  direct  upon  the  winding  drum, 
in  order  to  avoid  the  strain  on  the  crank 
shaft. 

As  regards  the  construction  of  the  driving 
engines,  twin-engines  with  horizontal  cyl- 
inders merit  the  preference  before  all 
others,  particularly  before  beam  engines. 
Attention  must  be  paid  that  their  founda- 
tions are  very  strong ;  a  height  of  12  ft. 
will  be  sufficient  in  most  cases.  The  use  of 
large  blocks  of  stone  is  not  anywhere  so 
much  followed  as  formerly,  masonry  in 
cement  being  much  substituted  for  them  ; 
however,  this  should  not  go  too  far.  M. 
Erdmann  recommends  that  good  solid 
blocks  of  hewn  stone  should  at  all  events 
be  used  for  the  fastening  of  the  foundation 
bolts,  it  being  a  well-known  fact  that  ce- 
ment loses  much  of  its  tenacity  when  fre- 
quently exposed  to  the  action  of  fatty  or 
oily  matters.  It  is  well  to  use  horizon- 
tal bolts  besides,  to  keep  the  foundations 
firmly  together.  The  frame  of  the  engine, 
M.  Erdmann  considers,  should  be  made  of 
wrought  iron,  for  its  greater  strength  and 
elasticity,  which  make  the  occasional  break- 
ing of  the  frames  less  probable  than  if  they 
were  made  of  cast  iron  ;  however,  frames 
of  the  latter  material  may  be  admitted, 
provided  that  they  are  sufficiently  strong. 
The  chief  foundation  bolts  should  not  stand 
vertically,  as  was  formerly  the  custom,  but 
they  should  diverge  downwards,  and  thus 
gain  a  greater  resisting  surface.  Many 
working  parts  of  the  engine,  piston-rods, 
levers  and  bolts  are  now  made  of  cast  steel : 
M.  Erdmaun,  however,  does  not  consider  it 
advisable  to  construct  the  main  crank  shaft 
of  that  material,  because  cast  steel  worked 
out  in  such  large  blocks  readily  loses  its 
strength.  Wrought-iron  shafts  for  engines 
with  spiral  drains,  constructed  for  a  depth 
of  250  fathoms,  should  not  be  less  than 
in.  diameter,  as  the  shaft  should  not  only 
offer  sufficient  guarantee  against  breaking, 
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but  should  not  bend  in  the  least,  a  failing 
which  would  be  indicated  by  the  bearings 
running  hot.  The  adoption  of  double 
eccentrics  for  forward  and  backward  gear 
is  necessary  to  regulate  the  retardation. 
The  piston  is  to  be  guided  by  the  rod  which 
passes  through  a  stuffing-box  in  the  back 
cover,  and  rests  on  a  slide  block.  As  a 
matter  of  course,  the  care  of  the  engine 
must  only  be  confided  to  really  reliable 
persons,  and  the  expense  for  an  auxiliary 
engine-driver  should  never  be  feared  when 
a  great  amount  of  regular  and  good  work 
is  required. 

As  to  the  economy  of  winding  in  shafts, 
M.  Erdmann  remarks  that  it  may  be  taken 
as  generally  true  that  the  most  expensive 
arrangement  proves  itself  to  be  the  cheapest 
in  the  long  run ;  however,  a  perfect  com- 
pensation of  the  weight  of  both  ropes  is  the 
principal  condition  for  economical  pit  wind- 
ing. This  compensation  may  be  approxi- 
mately effected  by  the  use  of  flat  ropes,  and 


a  minimum  diameter  of  the  rope-roll  or 
drum  of  42  in.,  while  conical  drums  with 
inclined  sides  of  30  deg.  are  hardly  more 
economical  to  a  depth  of  100  fathoms.  For 
any  depth  above  that,  spiral  drums  are  to 
be  recommended,  and  they  offer  an  advan- 
tage of  25  per  cent,  in  fuel  over  all  other 
systems,  when  combined  with  direct-acting 
engines,  and  worked  with  expansion 
gear.  A  few  condensing  engines  are  still 
in  use  for  winding  purposes  in  the  district 
of  which  we  have  been  speaking ;  and 
it  is  considered  by  M.  Erdmann  to  be 
an  open  question,  whether  condensation 
could  not  be  reintroduced  with  advantage 
wherever  condensing  water  is  to  be  had, 
particularly  so  as  some  of  the  older  engines 
have  given  very  fair  economical  results. 
To  avoid  the  drowning  of  the  air-pumps 
while  the  engine  stands  still,  a  separate 
steam-pump  has  been  used  with  advantage, 
and  future  trials  may  still  be  recommended 
in  that  direction. 


SKETCH  OF  THE  PLANS  AND  PROGRESS  OF  THE  DETROIT 

RIYER  TUNNEL* 


By  E.  S.  CHESBROUGH. 


The  first  suggestion  of  a  tunnel  under 
the  Detroit  Rivert  for  railroad  purposes 
was  made  to  me  about  five  years  since  by 
Mr.  James  F.  Joy,  President  of  the  Michi- 
gan Central  Railroad,  with  the  request  that 
the  feasibility  of  the  project  might  be  as- 
certained as  soon  as  convenient.  In  Janu- 
ary, 1869,  a  report,  accompanied  by  plans 
and  estimates,  was  presented  to  that  gentle- 
man. From  these  are  taken  most  of  the  state- 
ments in  this  paper,  so  far  as  they  relate  to 
what  was  done  previous  to  the  actual  com- 
mencement of  the  work. 

In  the  preliminary  examinations  the  first 
attempt  was  made  to  get  a  line  at  right- 
angles  with  the  river,  not  only  across  the 
stream  itself  but  between  the  extremities  of 
the  approaches  on  each  side.  To  avoid  as 
far  as  possible  damages  to  valuable  prop- 
erty, the  lower  side  of  the  city  was  select- 
ed. But  boring  showed  very  unfavorable 
ground  there,  and  as  the  bed  rock  in  that 
vicinity  lies  too  near  the  surface  for  conveni- 
ence,   and   is   still   nearer  lower   down  the 

*  A  paper  read  before  the  American  Society  of  Civil  Engi 
neers. 

t  All  who  are  familiar  with  the  Detroit  River  know  that  at 
the  particular  point  where  the  tunnel  is  located,  it  is  about 
half  a  mile  wide,  and  runs  from  west  to  east  or  vary  nearly  so. 


stream,  further  operations  were  necessarily 
confined  either  within  the  limits  of  the  city 
or  above  it. 

Careful  examinations  were  made  above' 
the  line  first  surveyed,  by  boring  on  each 
side  of  the  river.  When  good  ground  was- 
found  on  each  side  at  points  opposite  each 
other,  borings  were  made  in  the  river  be- 
tween ;  but  it  was  not  until  the  vicinity  of 
the  Detroit  and  Milwaukee  Railway  Depot 
was  reached,  that  ground  considered  safe, 
entirely  across  the  river,  was  met  with. 

A  perfectly  feasible  line  could  be  obtain- 
ed entirely  above  the  city,  where  the 
ground  is  very  favorable ;  but  in  consequence 
of  a  greater  length  of  tunnel  and  consider- 
ably longer  new  track  being  required,  noth- 
ing could  be  saved  in  expense  by  it,  and 
much  lost  in  convenience;  for  the.  line- 
adopted  makes  the  utmost  possible  use  of 
existing  depot  grounds  of  the  Michigan 
Central  Railroad  on  the  Detroit  side,  and 
will  not  require  a  great  sacrifice  of  the  sta- 
tion buildings  and  tracks  of  the  Great 
"Western  Railway  on  the  Canada  side. 
These  two  companies  are  the  parties  most 
interested  in  the  enterprise. 

The  line  as  finally  determined  upon  com- 
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niences  at  the  Michigan  Central  Railroad 
passenger  station,  passes  for  a  considerable 
distance  along  Jefferson  avenue  under  the 
southwest  corner  of  the  Biddle  House  and 
the  east  end  of  the  freight  house  of  the 
Detroit  and  Milwaukee  Railway,  crosses  to 
the  other  side  of  the  river  about  half  a  mile 
above  the  terminus  of  the  Great  Western 
Railway,  and  unites  with  that  road  about 
one  and  a  half  miles  further  on,  making  the 
entire  length  of  track  between  the  two 
roads  a  little  less  than  three  miles.  The 
length  of  tunnel  is  to  be  about  8,600  ft. 
(3,000  of  which  is  under  the  river).  The 
least  curvature  on  this  portion  of  the  line 
is  2,300  ft.  radius,  and  the  steepest  grade, 
1  in  50. 

Although  the  borings  indicated  favorable 
ground  along  the  line  adopted,  except  that 
possibly  there  might  be  a  very  troublesome 
amount  of  water  from  land  springs,  or 
springs  having  their  source  higher  than 
the  river,  it  was  deemed  prudent  to  avoid 
all  risks  as  far  as  possible  in  planning  the 
details  of  the  work.  For  this  reason,  it 
was  determined  to  have  not  less  than  20  ft. 
of  roof  between  the  top  of  the  masonry  and 
the  bottom  of  the  river.  In  no  case,  as  far 
as  could  be  ascertained,  would  there  be  less 
than  12  ft.  of  stiff  clay  immediately  above 
the  tunnel. 

To  diminish  the  risk  still  further,  it  was 
determined  to  make  two  single  track  tun- 
nels, circular  in  form,  with  eighteen  and  a 
half  feet  interior  diameter,  instead  of  one 
large  enough  for  a  double  track.  By  careful 
estimates,  the  first  was  found  to  be  no  more 
expensive  than  the  other.  Besides,  for 
some  years,  one  track  would  probably  be 
sufficient,  perhaps  long  enough  for  the  sav- 
ing of  interest  to  build  another — at  least  to 
go  far  towards  it.  This  size  of  tunnel  was 
adopted  to  give  room  enough  for  the  largest 
Pullman  car  on  either  of  the  connecting 
roads. 

The  circular  form  was  adopted,  because 
of  its  greater  safety  in  case  a  soil  should 
be  met  with  disposed  to  swell  like  the  Lon- 
don clay.  Mr.  Storrow,  in  his  Hoosac 
Tunnel  Report,  describes  a  case  of  this  kind, 
in  which,  after  two  attempts  to  line  a  tun- 
nel of  the  usual  or  horse- shoe  form,  with 
masonry,  the  circular  form  was  finally 
adopted.  The  lining  is  to  be  of  brick 
masonry,  laid  in  cement,  generally  24  in. 
thick  under  the  river  and  18  in.  on  land. 

It  is  proposed  to  place  the  two  tunnels  so 
far  apart  under  the  river,  that  in   case  the 


second  one  should  be  delayed  till  after  the 
completion  of  the  first,  an  accidental  cave 
would  not  endanger  the  stability  of  the  one 
in  use. 

Experience  in  the  construction  of  the 
river  tunnels  in  Chicago  teaches  not  only 
the  convenience,  but  the  necessity  of  a 
drainage  tunnel  for  a  least  half  the  distance 
across  the  river,  in  a  work  like  this.  It 
has  been  thought  best  to  make  it  entirely 
across  the  river  for  the  Detroit  tunnel,  and 
for  the  following  reasons  : 

First. — It  would  be  of  great  convenience 
and  value,  if  much  water  should  be  encoun- 
tered in  the  construction  of  the  main  tun- 
nels. 

Second. — It  would  serve  a  very  valuable 
purpose  as  a  reservoir,  should  the  machinery 
for  pumping  out  the  main  tunnels  happen 
to  be  disabled  at  the  commencement  of  a 
great  flood  of  rain  falling  in  the  open  ap- 
proaches at  the  ends  of  the  tunnel,  an 
occurrence  that  has  taken  place  already 
more  than  once  in  Chicago. 

Third. — As  the  main  tunnels  must  neces- 
sarily be  curved  part  of  the  way  under  the 
river  on   each   side,    the    drainage  tunnel, 
after  its    completion,  would   form    a   most 
satisfactory  base  of  alignment.  ■ 

JBourth. — The  shafts  at  each  end  of  it 
could  be  made  to  serve  as  working  shafts 
for  the  main  tunnels  during  their  construc- 
tion, and  for  ventilating  purposes  after- 
wards, should  that  be  found  necessary. 

Fifth. — A  reason  that  did  not  occur 
originally,  but  is  now  quite  apparent :  it 
would  afford  the  means  of  shortening  the 
time  necessary  to  complete  the  main  tunnels 
under  the  river,  and  consequently  the  whole 
work  one-half.  This  could  be  done  by  com- 
mencing operations  at  two  points  under  the 
river,  equidistant  from  each  other  and  from 
the  shore  shafts.  In  this  way,  six  working 
faces  instead  of  two  could  be  obtained,  so 
that  an  average  progress  from  each  face  of 
but  2  ft.  a  day  would  insure  the  com- 
pletion of  the  work  in  something  less  than 
a  year.  Of  course,  on  each  side  of  the 
river  as  many  shafts  could  be  sunk  as 
might  be  found  necessary  to  complete  the 
land  portion  of  the  work  as  soon  as  that 
under  the  river. 

The  open  approach  on  the  Detroit  side 
fortunately  occurs  in  a  wide  avenue,  and  is 
situated  between  two  streets,  so  that  very 
little,  if  any,  inconvenience  will  result  to 
the  public  travel.  It  will  be  26  ft.  wide,  with 
vertical  retaining;  walls  on  each  side.     The^ 
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Canada  approach  occurs  in  an  open  plain, 
and  will  be  a  simple  earth  excavation,  ex- 
cept at  and  near  the  portal,  which  is  to  be 
in  57  ft.  depth  of  cutting. 

The  estimated  cost  of  the  whole  work  is 
82,650,000.  This  estimate  was  based  upon 
the  supposition  that  no  machines  would  be 
used  in  removing  the  earth  except  to  hoist 
it  up  the  shafts.  It  was  thought,  however, 
.that  machinery  operated  by  compressed  air 
could  be  used,  and  diminish  considerably 
the  cost  of  the  work.  If  one  quarter  of  the 
advantages  claimed  in  the  "  London  Times" 
of  January  18th  for  Brunton's  machine, 
now  seriously  proposed  for  boring  under  the 
Straits  of  Dover,  can  ever  be  realized,  the 
-cost  of  tunnelling  through  firm  ground  will 
be  greatly  diminished. 

It  was  recommended  that  the  drainage 
tunnel  be  constructed  before  soliciting 
proposals  for  the  main  work,  so  that  con- 
tractors might  feel  more  certain  of  the  na- 
ture of  the  ground,  and  thus  be  disposed 
to  make  lower  bids  than  they  otherwise 
would.  This  recommendation  has  been 
adopted  by  the  companies  chartered  both 
in  Michigan  and  in  Canada. 

Both  shafts  have  been  sunk  to  the  bed 
rock.  On  the  Detroit  side  this  reaches  to 
the  bottom  of  the  sump,  or  about  eight  and 
a  half  feet  below  the  bottom  of  the  drainage 
tunnel.  On  the  Canada  side  the  bed  rock 
is  only  two  feet  below  the  bottom  of  the 
drainage  tunnel,  and  the  sump  will  be  sunk 
•a  few  feet  in  it.  From  the  Detroit  shaft 
the  drainage  tunnel  has  been  carried  a 
little  more  than  600  ft.  out  under  the  river, 
and  from  the  Canada  shaft  a  little  less  than 
100  ft.,  or  about  700  ft.  in  all.  The  Canada 
shaft  was  not  commenced  for  several  months 
after  the  Detroit  one  was  begun. 

The  rate  of  progress  in  this  work  has 
thus  far  averaged  not  more  than  one  half 
that  which  was  expected,  owing  to  the  very 
hard  ground,  composed  partly  of  boulders. 
On  neither  side  of  the  river,  however,  does 
the  layer  of  boulders  extend  so  high  up  as 
the  bottom  of  the  main  tunnel,  and  only  a 
few  feet  of  its  lowest  portion  will  be'  in 
hard-pan.  The  ground  passed  through  in 
each  shaft  shows  a  great  correspondence  in 
position  and  character,  from  which  it  is  in- 
ferred that  the  excavation  of  the  main  tun- 
nels, under  the  river  especially,  will  be 
through  a  stiff  but  easily  worked'  blue  clay. 
The  fact  that  a  seam  separating  two  slightly 
different  kinds  of  earth  has  been  in  sight 
most  all  the  way  thus  far  from  the   Detroit 


shaft,  confirms  the  belief  that  across  the 
river  the  different  layers  of  earth,  except 
when  cut  away  by  the  stream,  are  uniform 
in  thickness  down  to  the  hard-pan,  and  dip 
slightly  towards  the  south. 

The  principal  precautions  deemed  impor- 
tant in  the  prosecution  of  the  main  work 
are  these  : 

First.  —  To  require  the  contractors  to 
have  constantly  a  force  composed,  in  part 
at  least,  of  skilled  laborers  accustomed  to 
mining  in  difficult  ground,  should  it  be  met 
with. 

Second. — The  use  of  a  skeleton  shield  of 
iron  or  steel,  which  in  case  of  necessity 
could  be  fitted  out  in  front  and  around  the 
sides  of  the  excavation  in  advance  of  the 
masonry. 

Hard. — Frequent  probings  or  borings  in 
front  and  on  the  sides,  to  give  warnings  of 
the  proximity  of  bad  ground.  Even  should 
there  be  no  difficult  ground  to  pass  through, 
these  borings  would  probably  prove  a  safe- 
guard in  drawing  off  large  volumes  of  gas 
gradually,  and  thus  prevent  serious,  if  not 
fatal,  explosions.  This  course  was  found 
advisable  in  the  construction  of  the  Chicago 
Lake  Tunnel. 

Fourth. — The  use  of  a  large  tarpaulin  on 
the  bottom  of  the  river  immediately  over 
the  workmen.  This  was  successfully  used, 
if  my  memory  is  correct  (the  late  fire  in 
Chicago  destroyed  my  books  of  reference), 
in  passing  a  breach  that  had  been  filled 
with  bags  of  sand  in  the  Thames  Tunnel, 
and  it  is  believed  could  be  equally  useful  in 
preventing  a  breach.  It  would  require  the 
employment  of  divers,  who  could  also  be 
very  usefully  occupied  a  great  part  of  the 
time  in  probing  the  bottom  of  the  river  just 
in  advance  of  the  work  to  discover  any  deep 
pits  or  pockets  of  sand  or  silt  that  might 
exist. 

The  question  has  often  been  asked  if  it 
would  not  be  cheaper  and  better  to  construct 
a  bridge  across  the  river  at  Detroit  than  to 
make  a  tunnel  under  it  ?  Some  engineers 
have  looked  into  the  probable  cost  of  a 
bridge,  and  believe  it  would  be  preferable, 
both  on  account  of  the  greater  economy  in 
cost  of  construction  and  in  maintenance 
afterwards  ;  but  this  question  has  been  set 
at  rest  for  the  present  by  the  absolute 
refusal  of  the  Canadian  Parliament  to  grant 
a  charter  for  a  bridge  so  long  as  a  tunnel  is 
considered  practicable. 

Mr.  Charles  H.  Fisher :  I  would  ask  Mr. 
Chesbrough  if  he  would  favor  the  use  of  the 
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same  tools  and  methods  with  which  he 
made  the  borings  ? 

Mr.  Chesbrough :  The  borings  were  made 
with  a  wood  auger,*  such  as  I  used  in  the 
construction  of  the  lake  tunnels  here  in 
Chicago,  with  which  specimens  from 
different  depths  were  brought  up.  Of 
course,  there  was  doubt  whether  these  al- 
ways came  from  the  depth  to  which  the 
auger  was  sent  down,  but  we  found  after- 
wards that  it  was  so  in  every  case.  The 
material  which  was  drawn  up  with  the 
auger  came  from  the  point  where  the  auger 
ceased  to  be  turned  round.  In  Detroit  we 
have  practically  relied  upon  this ;  but 
where,  however,  there  is  doubt,  it  would  be 
best  to  sink  a  tube  such  as  is  put  down  for 
artesian  wells ;  but  little  of  which  has  been 
done.  The  auger  we  used  was  one  and  a 
quarter  or  one  and  a  half  inches  in  diameter, 
and  is  large  enough  if  the  joints  are  prop- 
erly made.  A  very  good  quality  of  iron  is 
required  to  withstand  the  torsion. 

A  Member:  Will  the  material  always 
stick  to  the  auger  if  hauled  through  water  ? 


Mr.  Chesbrough  :  Not  if  it  is  very  soft. 
In  such  cases  we  used  a  tube  made  of 
wrought  iron  ;  but  when  the  auger  stopped 
in  stiff  clay  we  could  rely  upon  it. 

A  Member :  Did  you  have  to  remove  the 
auger  frequently  ? 

Mr.  Chesbrough  :  We  generally  drew  it 
up  once  in  about  10  ft.,  and  it  usually 
brought  up  the  whole  strata.  In  some  in- 
stances wc  could  not  remove  more  than  6 
in.  of  the  strata,  but  it  was  very  seldom. 

A  Member  :  I  understand  that  you  bored 
that  way  to  a  depth  of  90  ft.  ? 

Mr.  Chesbrough  :  Yes  ;  sometimes  80  or 
90  ft.  were  bored  in  a  little  over  a  day ; 
again,  to  get  a  satisfactory  boring  it  would 
take  a  week.  Occasionally  a  boulder  would 
be  hit  and  the  rods  broken.  Of  course  the 
rod  was  very  long,  so  that  one  would  think 
it  would  break  in  turning,  but  it  did  not. 

Question :  If  you  struck  a  boulder  rock 
you  would  not  succeed  ? 

Mr.  Chesbrough :  Of  course  not ;  boul- 
ders would  stop  progress  in  that  place,  but 
we  would  try  in  another. 
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The  illustration  on  page  367  represents  an 
instrument  by  means  of  which  the  intensity 
of  solar  radiation  at  the  surface  of  the  earth 
has  been  determined  with  absolute  certainty. 
The  computations  published  by  the  writer, 
showing  that  the  temperature  of  the  surface 
of  the  sun  exceeds  4,035,500  deg.  Fahr., 
being  based  solely  on  the  indications  of  the 
actinometer  delineated  and  described  in 
"Engineering,"  Sept.  30,  1870,  that  ques- 
tion has  been  raised  whether  the  instru- 
ment is  reliable.  It  is  urged  that  part  of 
the  indicated  temperature  maybe  the  result 
of  heat  radiated  towards  the  bulb  of  the 
thermometer  by  the  surrounding  casing. 
Some  scientific  men  also  contend  that,  while 
the  dynamic  energy  transmitted  by  the  sun's 
rays  may  be  accurately  measured  by  ascer- 
taining the  number  of  thermal  units  devel- 
oped in  a  given  time  on  a  given  area,  the 
temperature  produced  by  solar  radiation 
cannot  be  determined,  owing  to  the  un- 
known influence  of  the  surrounding  medium, 
a  plausible  argument  which  will  be  disposed 

*  Like  that  commonly  employed  for  boring  wood. 


of  by  the  following  demonstration.  Suppose 
a  small  spherical  body  of  perfect  conductiv- 
ity to  be  suspended  within  a  large  inclosure 
provided  with  a  perforation  in  the  direction 
of  the  sun,  of  sufficient  size  to  admit  a  pen- 
cil of  rays  (a  sunbeam)  of  the  same  diame- 
ter as  the  sphere.  Suppose,  also,  that  the 
temperature  of  the  sphere  is  64  deg.  higher 
than  the  temperature  of  the  inclosure  and 
the  air  contained  within  the  latter.  The 
convex  area  of  a  sphere  being  four  times 
greater  than  the  area  of  its  great  circle, 
while  the  great  circle  of  the  sphere  which 
we  have  imagined  corresponds  exactly  with 
the  sectional  area  of  the  sunbeam  entering 
through  the  perforation  of  the  inclosure,  it 
will  be  evident  that  the  supposed  excess  of 
temperature,  64  deg.,  cannot  be  maintained 
unless  the  radiant  energy  of  the  sun's  rays 
be  four  times  greater  for  corresponding 
area  than  the  radiating  energy  of  the 
sphere.  It  will  also  be  evident  that,  if  the 
assumed  excess  of  temperature  of  the 
sphere  gradually  falls  while  exposed  to  the 
sun's  rays,  until  it  is  reduced  to  16  deg. 
above   the   temperature   of    the   inclosure, 
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then  the  intensity  of  the  sun's  rays  cannot 
he  more  than  4X16=64  deg.  Bearing  in 
mind  that  the  section  of  the  sunbeam  which 
transmits  the  energy  is  only  0.25  of  the 
convex  area  of  the  radiating  sphere  which 
receives  the  heat  and,  in  turn,  radiates  that 
heat  towards  the  inclosure,  we  cannot  ques- 
tion the  correctness  of  the  deduction  that, 
assuming  the  rays  to  be  parallel,  the  in- 
tensity of  the  radiant  energy  which  enters 
through  the  perforation  of  the  inclosure  is 
four  times  greater  than  that  which  the  radiat- 
ing sphere  parts  with.  Again,  the  intensity 
of  the  radiant  heat  of  solid  bodies  being 
a  correct  index  of  dynamic  energy,  it  will 
be  perceived  that  the  energy  transmitted  to 
the  inclosure  by  the  radiating  sphere  at  a 
differential  temperature  of  16  deg.  will  be 
exactly  balanced  by  the  energy  transmitted 
by  the  sunbeam  at  64  deg.  entering  through 
the  perforation  of  the  inclosure,  the  section 
of  which  is  0.25  of  the  convex  area  of  the 
sphere. 

The  demonstration  thus  presented,  it 
will  be  admitted,  establishes  the  important 
fact  that  the  temperature  produced  by  solar 
radiation  is  four  times  higher  that  the  dif- 
ferential temperature  of  a  small  sphere, 
composed  of  materials  of  perfect  conductivi- 
ty, exposed  to  the  sun,  and  permitted  to 
radiate  freely  towards  an  inclosure  of  great 
extent  and  uniform  temperature. 

Let  us  now  examine  the  instrument  be- 
fore referred  to,  shown  by  our  illustration, 
which  represents  a  section  through  the  cen- 
tral vertical  plane  :  k  p  is  a  spherical  ves- 
sel composed  of  copper,  charged  with  water 
and  coated  with  lamp-black,  suspended 
within  a  spherical  inclosure,  o.  The  latter 
is  provided  with  a  circular  perforation,  a,  b, 
to  which  a  diagonal  cylindrical  trunk,  a,  g, 
is  attached,  the  spherical  inclosure  as  well 
as  the  trunk  being  coated  with  lamp-black 
on  the  inside.  A  thermometer  provided 
with  a  cylindrical  bulb,  c,  is  inserted  diago- 
nally into  the  spherical  vessel ;  and  also  a 
rotating  paddle-wheel,  operated  by  an  axle 
passing  through  a  water-tight  stuffing-box. 
A  cylindrical  vessel,  r,  r,  filled  with  water, 
surrounds  the  spherical  inclosure  and  trunk, 
nozzles  being  applied  at  the  top  and  bottom, 
to  which  flexible  tubes  are  attached  for  pass- 
ing a  current  of  cold  water  through  the  ves- 
sel. The  instrument  is  mounted  within  a 
revolving  observatory,  and  attached  to  a 
table  turning  on  declination  axis  provided 
with  appropriate  mechanism,  by  means  of 
which  it  may  be   directed  towards  the  sun. 


It  will  be  evident  that,  if  the  axis  of  the 
trunk,  a,  g,  be  pointed  accurately  towards 
the  centre  of  the  sun,  the  sphere,  A',  £>,  will 
receive  the  whole  radiant  energy  of  the  sun- 
beams within  the  tangential  fines,  k,  f  and 
p,  g,  the  sectional  area,  as  before  stated, 
being  0.25  of  the  convex  area  of  the  sphere. 
It  will  be  evident  also  that,  owing  to  the 
perforation,  a,  b,  the  sphere,  k,  p,  will  not 
be  acted  upon  by  the  full  amount  of  refrig- 
eration produced  by  the  radiation  of  an  un- 
interrupted inclosure.  Agreeably  to  the 
theory  of  exchanges,  the  deficiency  will, 
however,  not  be  great,  since  the  side,  f,  a, 
of  the  diagonal  trunk  will  radiate  as  pow- 
erfully towards  the  sphere  as  a  portion  of 
the  spherical  inclosure  corresponding  with 
the  angular  distance  determined  by  the  ra- 
dial fines,  a,  c  and  f,  c.  But  the  convex 
surface  of  the  segment,  e,  d,  determined  by 
the  angle  subtended  by  f]  c  and  g,  c,  will 
obviously  be  subjected  to  far  less  refrigera- 
tion than  an  equal  surface  on  the  opposite 
side  of  the  sphere.  Regarding  the  exact 
amount  of  deficient  refrigeration  consequent 
on  the  perforation  of  the  inclosure  at  a,  b, 
it  will  be  perceived  on  reflection  that  the 
radiation  of  the  inclosure  towards  the  semi- 
spherical  surface  presented  to  the  sun,  will 
be  reduced  in  the  exact  proportion  which 
the  convex  surface  of  the  segment,  e,  d, 
bears  to  the  area  of  the  great  circle  of  the 
sphere.  It  will  be  seen,  therefore,  that  al- 
though the  condition  coupled  with  our  prop- 
osition has  not  been  complied  with,  namely, 
that  the  inclosure  (in  order  to  render  the 
area  of  the  perforation  inappreciable)  should 
be  of  great  extent  compared  with  the  size 
of  the  radiating  sphere,  yet  the  small  ca- 
pacity of  the  spherical  inclosure  of  our  in- 
strument and  the  comparatively  large  per- 
foration at  a,  b,  will  not  materially  reduce 
the  radiating  power  of  the  inclosure.  Be- 
sides, the  known  angle  subtended  by  the 
radial  lines,  f,  c  and  g,  c,  enables  us,  as 
shown,  to  calculate  the  exact  amount  of 
deficient  radiating  surface  presented  by  the 
inclosure. 

Several  experiments  have  been  made  sim- 
ultaneously with  the  instrument  now  illus- 
trated, and  the  actinometer,  in  order  to  as- 
certain the  precise  relation  between  the 
temperature  transmitted  by  the  sun's  rays 
to  the  radiating  sphere,  and  to  the  actinom- 
eter the  accuracy  of  which  has  been  ques- 
tioned. Both  instruments  have  invariably 
been  attached  to  the  same  declination  table 
during  the  investigation,  consequently  the 
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radiant  heat  transmitted  to  each  has  been 
precisely  alike.  Respecting  the  instituted 
test,  it  will  suffice  to  record  the  result  of  an 
experiment  conducted  at  noon,  October  20, 
1871,  the  solar  radiation  on  that  day  being 
of  nearly  average  intensity,  while,  the  sun's 
zenith  distance,  51  deg.  40  min.,  was  also 


near  an  average.  Observations  made  at 
equal  intervals  of  5  min.,  from  11  hours  55 
min.  a.  m.  to  12  hours  30  min.,  showed  that 
the  radiating  sphere  of  the  instrument,  the 
contents  of  which  were  effectually  agitated 
by  the  internal  paddle-wheel,  attained  a 
temperature  of  precisely  75  deg.,  while  the 


\. 


inclosure  was  maintained  (by  a  continuous 
stream  of  water)  at  a  constant  temperature 
of  61.3  deg.  Accordingly,  an  excess  of  tem- 
perature of  13.7  deg.  above  that  of  the  in- 
closure was  produced  by  the  solar  radiation 
acting  freely  on  the  sphere,  the  actinometer, 
at  the  same  time,  indicating  a  temperature 
of  51.36  deg.     Now,  agreeably  to  our  the- 


j  ory,  the  temperature  of  the  sphere  ought  to 
have  been  51.36-^-4=12.84  deg.,  thus  show- 
ing  a  discrepancy,  an  excess,  of  13.7—  12.- 
84=0.86  deg.  It  has  already  been  explain- 
ed that  the  sphere  does  not  receive  a  full 
amount  of  refrigeration,  in  consequence  of 
the  perforation  of  the  inclosure  necessary 
to  admit  the  diagonal  trunk ;  hence,  the  in- 
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dicated  temperature  of  the  sphere  should 
exceed  that  which  our  theory  has  establish- 
ed. The  observed  excess,  0.86  deg.,  is, 
however,  greater  thau  it  should  be  in  accord- 
ance with  the  relative  magnitude  of  the  con- 
vex surface,  e,  d,  and  the  area  of  the  great 
circle  of  the  sphere.  Referring  to  the  illus- 
tration, it  will  be  seen  that,  at  the  point 
where  the  thermometer  is  inserted,  a  con- 
siderable portion  of  the  convex  surface  of 
the  sphere  is  not  subjected  to  the  radiation 
from  the  inclosure ;  nor  at  the  point  where 
the  axle  of  the  paddle-wheel  enters.  Add- 
ing these  surfaces  to  that  of  e,  d,  the  amount 
of  cold  radiation,  prevented  from  acting  on 
the  sphere,  will  be  found  to  correspond  so 
nearly  with  the  excess  of  temperature  ob- 
served, that  we  are  warranted  in  asserting 
that  the  temperature  indicated  by  the  acti- 
nometer  during  the  experiments  has  proved 
to  be  exactly  four  times  higher  than  that  of 
the  sphere  exposed  to  the  radiant  power  of 
the  sun's  rays,  and  to  the  refrigeration  caus- 
ed by  the  radiation  from  the  inclosure. 
Our  introductory  demonstrations  having 
shown  that  the  temperature  produced  by 
solar  radiation  is  four  times  higher  than  the 
temperature  imparted  to  a  sphere  exposed 
to  the  sun,  and  permitted  to  radiate  freely 
in  all  directions  towards  an  inclosure  of  low 
temperature,  the  test  instituted  October  20, 
1871,  proves  positively  that  the  indications 
of  the  actinometer  are  correct- 
Referring  to  the  tables  previously  pub- 
lished in  "  Engineering,"  *  it  will  be  seen 
that  the  maximum  intensity  of  solar  radia- 
tion in  lat.  40  deg.  42  min.,  ascertained  by 
the  actinometer,  is  66.2  deg.  when  the  earth 
passes  the  aphelion.  And  that,  owing  to 
diminished  atmospheric  depth  consequent 
on  diminished  zenith  distance,  the  maximum 
intensity  of  solar  radiation  on  the  ecliptic 
reaches  67.20  deg.  when  the  earth  is  furth- 
est from  the  sun.  Now,  by  a  series  of  acti- 
nometric  observations  of  the  temperature 
produced  by  solar  radiation  at  various  ze- 
nith distances,  from  17  deg.  12  min.  to  75 
deg.,  I  have  ascertained  that  the  retarda- 
tion suffered  by  the  sun's  radiant  heat  in 
passing  vertically  through  the  atmosphere 
amounts  to  17.64  deg.  Consequently,  the 
intensity  of  solar  radiation  at  the  boundary 
of  our  atmosphere  when  the  earth  is  in 
aphelion,  will  be  nearly  85  deg.  Fahr.  Fu- 
ture investigations  will,  no  doubt,  confirm 
the  exactness  of  this   determination  of  the 

*  Sec  Magazine,  Vol.  III.,  p.  566. 
Vol.  VII.— No.  4-24 


intensity  of  the  radiant  heat  at  a  distance 
of  218.1  semi-diameters  from  the  centre  of 
the  sun.  The  dispersion  of  the  rays  at  this 
distance,  it  should  be  borne  in  mind,  is  so 
great  that  the  heat  emitted  by  one  square 
foot  of  the  solar  surface  is  distributed  over 
2 1 8.  V  =47,567  sq.  ft.  of  the  surface  of  the 
earth.  The  fact  that,  notwithstanding  such 
extreme  dispersion,  the  temperature  pro- 
duced by  solar  radiation  reaches  a  thermo- 
metric  interval  of  85  deg.  on  the  Fahrenheit 
scale,  proves  the  fallacy  of  the  demonstra- 
tion recently  published  by  the  French  sa- 
vants, showing  that  the  temperature  of  the 
surface  of  the  sun  does  not  exceed  that 
which  a  chemist  readily  produces  in  his 
laboratory. 

The  accompanying  table  is  the  result  of 
observations  continued  for  several  years. 
It  is  based  on  a  maximum  solar  intensity 
of  84.84  deg.  when  the  earth  is  in  aphe- 
lion, the  temperature  for  each  day  during 
the  year  being  calculated  in  accordance  with 
the  varying  distance  between  the  sun  and 
the  earth.  Observations  made  at  different 
seasons,  for  the  purpose  of  testing  the  cor- 
rectness of  the  computed  temperatures,  have 
proved  quite  satisfactory.  The  reader  is 
referred  to  an  article  on  this  subject  in 
"  Nature,"  vol.  v.,  pp.  46-48. f  It  is  scarce- 
ly necessary  to  point  out  that  our  table,  to- 
gether with  the  tabulated  statement,  show- 
ing to  what  extent  solar  temperature  is 
modified  by  zenith  distance  (published  in 
"Engineering,"  vol.  x.,  page  240),}:  are  in- 
dispensable to  the  meteorologist.  Evident- 
ly, an  observation  of  solar  temperature  af- 
fords no  means  of  judging  of  the  state  of 
the  atmosphere,  unless  the  effect  of  zenith 
distance,  and  of  the  position  of  the  earth 
in  the  orbit  at  the  time  of  making  the  ob- 
servations, are  known.  By  consulting  the 
tables,  an  observer  can  detect  at  a  glance 
whether  the  temperature  produced  indicates 
a  clear  sky.  It  also  enables  him  to  deter- 
mine the  exact  degree  of  atmospheric  ob- 
struction. 


HThe  Mont  Cenis  Tunnel  is  12,236  metres 
JL  long — nearly  eight  miles — 26  ft.  8  in. 
wide,  and  20  ft.  high.  About  6,000  men 
were  employed  for  nine  years  in  its  con- 
struction, and  its  cost  was  813,000,000. 


t  See  Magazine,  Vol.  VI.,  p.  92. 
t  See  Magazine,  Vol  III.,  p.  566. 
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EXPEKIMENTS  ON  THE  DEFLECTION  OF  CONTINUOUS  BEAMS, 
SUPPOETED  AT  EQUIDISTANT  POINTS.* 


By  JAMES  B.  FRANCIS,  C.  E. 


In  the  case  in  the  deflection  of  beams, 
"  fixed  at  each  end  and  loaded  in  the  mid- 
dle," there  is  a  discrepancy  in  the  leading 
authorities. 

According  to  Barlow  (Report  on  the  Pres- 
ent State  of  our  Knowledge  respecting  the 
Strength  of  Materials,  made  at  the  third 
meeting  of  the  British  Association  for  the 
Advancement  of  Science,  held  at  Cambridge 
in  1833),  the  deflection  is  two-thirds  of  that 
in  the  case,  "  supported  at  each  end  and 
loaded  in  the  middle."  According  to  Na- 
vier  (Resume  des  Lecons  donnees  a  l'ecole 
des  Ponts  et  Chaussees,  sur  1' application  de 
la -Mecanique,  etc.  2d  edition,  Paris,  1833), 
it  is  one-quarter  or  three-eighths  only,  of 
the  deflection  according  to  Barlow. 

Not  feeling  competent  to  decide  which,  if 
either,  of  these  eminent  authorities  was  cor- 
rect, and  having  occasion  to  apply  it  in  prac- 
tice, I  made  the  following  experiments  : 

A  frame  was  erected,  giving  four  bearings 
in  the  same  horizontal  plane,  4  ft.  apart, 
making  three  equal  spans,  each  bearing  be- 
ing furnished  with  a  knife  edge  on  which 
the  beam  was  supported.  Immediately 
over  the  bearings,  and  secured  to  the  same 
frame,  was  fixed  a  straight  edge,  from  which 
the  deflections  were  measured. 

Experiment  1. — A  bar  of  "common  Eng- 
lish refined"  iron,  marked  "J  crown  K, 
best,"  12  ft.  2|  in.  long,  mean  width  1.535 
in.,  mean  depth  0.367  in.,  was  laid  on  the 
four  bearings,  and  loaded  at  the  centre  of 
each  span,  so  as  to  make  the  deflections  the 
same,  the  weight  at  the  middle  span  being 
82.84  lbs.,  and  at  each  of  the  end  spans 
52.00  lbs.  The  deflections  with  these 
weights  were  as  follows  : 

At  the  centre  of  the  middle  span,  0.281 
in.;  at  the  centre  of  the  end  spans,  0.275 
and  0.284  in.  ;    mean,  0.280  in. 

The  deflections  of  the  three  spans  being, 
as  nearly  as  practicable,  the  same,  the  mid- 
dle span  is  in  the  condition  of  a  beam  "  fix- 
ed at  both  ends  and  loaded  in  the  middle," 
each  of  the  end  spans  "  being  fixed  at  one 
end  and  supported  at  the  other."  A  piece 
3  ft.  11 1  in.  long  was  then  cut  off  from  each 
end  of  the  bar,  leaving  a  bar  4  ft.  4|  in. 

*  A  paper  read  before  the  American  Society  of  Civil  Engineers. 


long,  which  was  replaced  in  its  former  posi- 
tion and  loaded  with  the  same  weight  (82. 
84  lbs.)  as  before,  when  its  deflection  was 
found  to  be  1.059  in.,  or  3.77  times  the  de- 
flection when  "fixed  at  both  ends  and  load- 
ed in  the  middle." 

Experiment  2. — A  bar  of  iron  of  the  same 
quality  and  length  as  in  Experiment  1. 
nearly  square,  its  mean  width  being  0.553 
in.,  and  mean  depth  0.549  in.,  was  laid  on 
the  same  bearings,  and  loaded  with  the 
same  weights,  the  deflections  being  as  fol- 
lows : 

At  the  centre  of  the  middle  span,  0.242 
in.;  at  the  centre  of  the  end  spans,  0.238 
and  0.  244  in. ;.  mean,  0.241  in. 

The  bar  was  then  reduced  in  length  as 
in  Experiment  1,  leaving  4  ft.  3|  in.,  which 
was  replaced  in  its  former  position  and  load- 
ed with  the  same  weight  (82.84  lbs.)  as  be- 
fore, when  its  deflection  was  found  to  be 
0.983  in.,  or  4.06  times  the  deflection,  "when 
fixed  at  both  ends  and  loaded  in  the  mid- 
dle." 

The  result  of  both  experiments  agreed 
substantially  with  Navier,  who  finds  the 
deflection  in  the  case  of  a  beam  "  fixed  at 
one  end,  supported  at  the  other,  and  loaded 

in  the  middle,"  to  be      ,_^=  0.447  of  the 

V  5 
deflection  in  the  case,  "supported  at  each 
end  and  loaded  in  the  middle."  In  the 
foregoing  experiments,  the  end  spans  cor- 
respond to  this  case,  and  the  observed  de- 
flections with  a  weight  of  52  lbs.,  were  0.419 
and  0.391  respectively,  of  the  deflections  in 
the  case,  "  supported  at  the  end  and  loaded 
in  the  middle,"  differing  somewhat,  but  not 
very  widely,  from  the  proportion  given  by 
Navier. 


Between  the  Bevier  coal  nifnes  and  those 
of  Shortridge  &  Co.,  the  Union  Pacific 
Railroad  Company  are  now  sinking  a  shaft, 
to  supply  the  Omaha  end  of  their  road  with 
fuel.  This  enterprise  is  another  blow  at 
the  coal  monopoly  that  has  heretofore  exist- 
ed upon  the  Hannibal  and  St.  Joe  Rail- 
road, and  will  aid  in  the  good  work  of  help- 
ing to  furnish  a  cheap  fuel  to  the  roads 
north  and  west. 
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ULTIMATE  AND  WORKING  STRAINS. 

From  "The  American  Railway  Times." 


The  rate  of  the  breaking-  to  the  working* 
strain  has  been  variously  fixed,  for  the 
several  materials,  by  different  engineers. 
A  beam  may  be  loaded  with1  a  greater 
weight  applied  as  a  permanent  or  dead 
load,  than  could  be  safe  as  a  moving  or 
rolling  weight.  A  load  may  be  brought 
upon  any  material  in  an  easy  and  gradual 
manner  so  as  not  to  damage  it,  while  the 
same  load  could  not  be  suddenly  and  vio- 
lently applied  without  injury.  The  margin 
for  safety  should  be  greater  with  a  ma- 
terial liable  to  certain  hidden  defects,  than 
with  one  which  is  not  so.  It  should  be 
greater  for  any  member  of  a  structure 
where  it  is  subjected  to  several  different 
kinds  of  strain,  than  when  it  is  subjected 
only  to  a  single  form  of  strain.  The  rule 
in  structures  having  so  important  an  office 
to  perform  as  railway  bridges,  should  in  all 
eases  be  absolute  safety  under  all  condi- 
tions. 

In  the  Louisville  bridge  Mr.  Pink  has 
adopted  7  as  the  factor  of  safety  for  the 
cast-iron  chords  under  an  extreme  load,  and 
from  5  to  6  for  the  posts  and  braces.  The 
wrought  iron  work  in  the  same  bridge  is 
strained  from  7,000  to  12,000  lbs.  per  in.  by 
the  maximum  load,  according  to  its  posi- 
tion in  the  structure.  In  the  Quincy  bridge 
the  lower  chords  and  ties  are  strained  from 
one-seventh  to  one-eighth  of  the  ultimate 
strength  by  the  greatest  load.  In  the 
Niagara  bridge  the  cables  have  an  ultimate 
strength  of  five  times  the  utmost  probable 
load.  In  the  fine  wrought-iron  elliptical 
arch  upon  the  Pennsylvania  Railroad  at 
Thirtieth  street,  Philadelphia,  Mr.  Wilson 
has  employed  a  factor  of  safety  of  6 
throughout.  In  the  Canestota  bridge,  a 
wrought  iron  lattice  upon  the  New  York 
Central  road,  Mr.  Hilton  has  adopted  5 
tons  per  in.  for  the  working  strain  upon 
the  net  section  of  the  lower  chords,  4 
tons  for  the  compression  upon  the  gross 
section  of  the  top  chords,  5  tons  upon  the 
tension  bars  of  the  lattice,  and  3  tons 
upon  the  compression  bars.  In  the  bridge 
across  the  Ohio  river  at  Steubenville,  of 
which  the  channel  span  is  320  ft.,  a  rolling 
load  of  3,000  lbs.  per  ft.  produces  10,000 
lbs.  of  tension  on  the  lower  chords,  and 
the  same  amount  of  compression  upon  the 
top  chords,  the  latter  being  of  cast  iron. 


The  factor  of  safety  for  the  braces  is  one- 
eighth. 

In  the  bridge  across  the  Connecticut  at 
Warehouse  Point,  on  the  Hartford  and  New 
Haven  Pailroad,  the  maximum  tensile 
strain  is  5  tons,  the  compression  on  the 
top  chords  4  tons,  and  on  the  posts 
3  tons,  all  the  members  being  of  wrought 
iron.  The  channel  span  is  177  ft.,  and 
is  proportioned  for  a  load  of  2^  tons  per  It., 
including   the  weight  of  the  bridge. 

In  the  Kansas  City  bridge  across  the 
Missouri,  the  central  tie  roads  and  the  truss 
rods  of  the  floor  beams  were  proportioned 
for  10,000  lbs.  per  in.  ;  the  end  ties  and 
lower  chords  12,000  lbs.  ;  the  compression 
on  the  top  chords,  which  are  of  wood,  800 
lbs.  per  in. ;  and  for  the  wooden  braces 
a  factor  of  7  was  adopted. 

In  the  valuable  pamphlet  by  Mr.  C. 
Shaler  Smith,  comparing  the  several  prin- 
cipal bridge  trusses  now  in  use,  he  observes: 
"  In  determining  the  proportion  of  safe  to 
breaking  strain,  respect  should  be  had  to 
the  frequency  with  which  the  parts  are  sub- 
jected to  stress  by  the  moving  load,  as  this 
will  manifestly  influence  their  powers  of 
endurance.  The  primary  system  of  a  truss, 
that  is,  the  system  which  upholds  the  entire 
structure,  when  weighted  with  its  maximum 
load  from  end  to  end,  such  as  the  chords  of 
a  Murphy,  or  Triangular,  or  the  main  and 
secondary  tension  bars  of  a  Pink  bridge, 
may  be  safely  subjected  to  a  heavier  strain 
than  the  tertiary  and  panel  systems  of  the 
Pink,  or  the  panel  systems  of  the  other 
trusses,  the  latter  of  which  are  fully  strained 
by  the  engine  leading  every  train  ;  while  to 
strain  the  primary  systems  to  the  utmost 
limit  allowed  would  require  a  train  made 
wholly  of  engines."  In  making  compari- 
sons of  several  forms  of  truss,  Mr.  Smith 
accordingly  uses  10,000  lbs.,  per  in.  for  the 
quarternary  system  of  the  Fink  bridge,  and 
for  the  middle  panels  of  the  other  trusses, 
as  the  working  load  for  the  wrought-iron 
tension  bars.  Por  the  tertiary  system  of 
the  Pink,  and  the  first  four  panels  of  the 
other  trusses,  11,000  lbs.  is  adopted,  and 
for  the  primary  and  secondary  systems  of 
the  Pink,  and  the  chords  of  the  Murphv 
and  Triangular,  12,000  lbs.  Por  the  cast- 
iron  parts,  for  chords  and  large  posts  when, 
the  metal  is  an  inch  and    over  in  thickness. 


372 


VAN    NOSTRANDS    ENGINEERING    MAGAZINE. 


and  the  length  not  over  fifteen  diameters, 
the  factor  is  taken  at  one-fifth  ;  with  nietal 
not  less  than  five-eighths,  and  length  not 
over  twenty-five  diameters,  one-seventh ; 
and  with  metal  less  than  five-eighths,  and 
length  over  twenty-five  diameters,  from  one- 
tenth  to  one-fortieth. 

Mr.  Stony  (Theory  of  Strains,  Yol.  II.  p. 
387)  gives  the  following  figures  :  The  work- 
ing tension  in  the  lower  flanges  (chords) 
of  the  Conway  Tubular  Bridge,  span  400 
ft.,  from  the  permanent  weight  of  the  struc- 
ture, is  4.385  tons  per  sq.  in.  of  gross  sec- 
tion ;  the  compression  in  the  upper  flanges 
is  3.063  tons  per  in.  The  working  tension, 
with  one  ton  per  foot  of  rolling  load,  is  6.85 
tons,  and  the  compression  5.03  tons.  In  ob- 
taining the  above  figures,  the  vertical  webs 
are  not  taken  into  account,  and  the  rivet 
holes  are  not  deducted  from  the  flanges.  In 
the  Newark  Dike  Bridge,  2401  ft.  span,  the 
top  chords  and  braces  of  cast  iron,  under  a 
rolling  load  of  a  ton  per  foot,  are  strained 
to  five  tons  per  inch,  and  the  lower  chords 
and  ties  of  wrought  iron  are  strained  to  the 
same  amount.  In  the  Boyne  Yiaduct,  a 
wrought-iron  lattice,  264  ft.  span,  the 
working  tensile  strain  for  the  net  area  of  the 
lower  chords,  under  a  rolling  load  of  1 
ton  per  ft.,  is  5  tons  per  in.,  and  the  com- 
pression on  top  chords  4.5  tons.  In  the 
Charing  Cross  Bridge,  a  lattice  of  154  ft. 
span,  with  four  fines  of  railway,  the  work- 
ing tensile  strain  at  1^  tons  per  lineal  ft. 
on  each  of  the  lines,  is  5  tons  per  in.  and 
the  compressive  strain  4  tons. 

In  the  Crumlin  Viaduct,  a  Warren  girder, 
148  ft.  span,  the  maximum  tensile  strain  in 
the  diagonals  from  the  bridge  and  load  is 
6.65  tons  per  sq.  in.  of  the  net  section  ;  the 
tension  on  the  lower  chords  from  the  same 
strain  is  5.75  tons  per  sq.  in.  of  net  section  ; 
and  the  maximum  compression  on  the  top 
chords  is  4.31  tons  per  in.  of  gross  section. 

Mr.  Unwin  (Iron  Bridges  and  Hoofs) 
gives  the  following  strains  in  several  recent 
wrought-iron  bridges,  the  tension  being 
for  the  net  section,  and  the  compression 
for  the  gross  section  of  the  metal : 


Name  of  Bridge. 

Tension. 

Tons 
per  in. 

Compres- 
sion. 
Tons  per  in. 

Passau,  lattice 

51s  to  6 

4 

U 

4i-  to  5i 
4i 
3J 

H 

Sk 

Penrith,  tubular  girder 

The  following  figures  show  the  working 
strains  upon  several  of  the  larger  suspen- 
sion bridges  : 


Name  of  Bridge. 


Menai 

Hammersmith. 

Pesth , 

Chelsea 

Clifton 

Niagara 


Working  strain  in  tons  per  inch. 


580 

422^ 

666 

348 

702i- 

821 


4.21 
5.38 
5  01 
4  36 
2.90 
6.70 


8  00 
9.36 
8  11 
8.07 
5  03 
8.40 


3.9 
3.3 
3.9 
3.9 

6.2 
5  0 


The  load  from  which  column  3  is  com- 
puted is  assumed  at  80  lbs.  per  square  foot 
of  the  floor,  except  in  the  case  of  the  Niag- 
are  bridge,  where  it  is  reckoned  at  250  tons 
in  all.  The  factors  in  the  last  column  are 
obtained  by  assuming  the  ultimate  tensile 
strength  of  the  chain  links,  which  are 
made  of  very  superior  iron,  at  70,000  lbs. 
per  inch ;  and  for  the  Niagara  bridge, 
which  has  wire  cables,  at  100,000  lbs. 

Mr.  Humber,  in  his  large  work  on 
bridges,  furnishes  the  following  concerning 
several  cast-iron  arches : 


o 

n  a 

g;  o 

a 

P.*3 

Name  of  Bridge. 

11 

ts  ^ 

•S.S 

p--~ 

>-! 

t* 

to  % 

Q 

106    6 

10    7 

1.78 

4    4 

154    2 

16    1 

1.46 

1  10 

102    5 

11    4 

1.37 

2  10 

137    9 
197  10 
120    0 

15  0 

16  5 

20    0 

1.90 
2  37 
3.00 

3    9 

5    9 

Westminster 

In  determining  the  factor  of  safety,  re- 
gard should  be  had  to  the  proportion  that 
exists  between  the  dead  and  the  live  load. 
A  rolling  load  has  been  assumed  by  engi- 
neers (and  for  practical  purposes  the  assump- 
tion is  probably  correct)  as  equivalent  to  a 
dead  load  of  double  the  amount.  In  deter- 
mining the  factor  of  safety,  therefore,  we 
may  reduce  the  whole  load  to  an  equivalent 
dead  weight,  which  will  be  equal  to  twice  the 
actual  five  load  added  to  the  actual  dead  load  ; 
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or  we  may,  as  Mr.  Rahkine  suggests,  mul- 
tiply each  part  of  the  load  by  its  proper 
factor  of  safety,  and  add  together  the  pro- 
ducts, the  sum  being  the  breaking  load  to 
which  the  structure  is  to  be  adapted.  Thus, 
regarding  a  ton  of  live  load  as  equivalent 
to  two  tons  of  dead  load,  and  adopting  a 
factor  of  one-sixth  for  live  and  one-third 
for  dead  weights,  if  we  have  200,000  lbs. 
of  dead  load,  and  100,000  lbs.  of  live  load, 
the  equivalent  dead  weight  is  400,000  ;  and 
the  factor  being  3,  the  breaking  weight 
would  be  1,200,000  lbs. ;  or  we  may  mul- 
tiply the  300,000  by  3,  and  the  100,000  by 
6,  giving  the  same  result.  If  the  dead  load 
was  200,000,  and  the  live  load  100,000,  we 
should  find  the  breaking  weight  to  be 
1,500,000  lbs.  in  place  of  the  1,200,000 
above. 

Mr.  Fairbairn  subjected  a  wrought-iron 
plate  girder,  of  20  feet  span  and  16  in. 
deep,  to  repeated  deflections  by  means  of 
a  loaded  lever,  with  the  following  results : 
A  load  of  2.96  tons  applied  at  the  centre 
at  the  rate  of  about  8  changes  a  minute  for 
596,790  times  producing  a  deflection  of  0.17 
in.,  and  straining  the  net  section  of  the  bot- 
tom flange  5.92  tons  per.  in.,  produced  no  ap- 
parent change.  Increasing  the  load  to  3.5 
tons,  403,210  additional  deflections  of  0.23 
in.,  straining  the  bottom  flange  to  7  tons 
per  in.  produced  no  visible  change.  In- 
creasing the  load  to  4.68  tons,  5,175  ad- 
ditional deflections,  depressing  the  girder 
0.35  in.,  and  straining  the  lower  flange 
9.36  tons  per  in.,  produced  a  permanent 
set  of  0.05  in.,  and  tore  the  lower  flange 
apart  near  the  middle.  The  girder  being 
repaired,  a  load  of  2.96  tons  applied  3,124,- 
000  times  produced  no  permanent  set.  A 
load  of  4  tons,  applied  313,000  times,  pro- 
duced a  deflection  of  0.20  in.,  straining  the 
lower  flange  to  8  tons  per  in.,  and  broke 
the  girder  close  to  the  splice  over  the  for- 
mer fracture.  Thus  a  strain  of  5.92  tons 
per  inch  of  the  lower  flange  section,  the 
breaking  weight  being  20  tons  per  inch, 
would  seem  to  be  a  safe  load. 

Mr.  Fairbairn  found  also  that  small  cast- 
iron  posts  6  ft.  long,  and  an  inch  in  diame- 
ter, bore  a  constant  load  of  half  the  break- 
ing weight  for  three  years  without  chang- 
ing ;  while  with  three-fourths  of  the  break- 
ing load  the  deflection  was  slightly  increas- 
ing at  the  end  of  the  same  time.  He  also  sub- 
jected model  bars  of  cast  iron  4  ft.  6  in.  long 
between  the  supports,  and  an  inch  square, 
to  a  cross  strain  of  from  one  half  to  over 


three -fourths  of  the  breaking  weight. 
These  loads  were  borne  with  a  slightly  in- 
creasing deflection  for  over  five  years.  The 
greater  part  of  the  deflection  occurred  dur- 
ing the  first  year,  after  which  it  remained 
very  nearly  constant.  In  the  report  of  the 
commissioners  upon  the  application  of  iron 
to  railway  structures,  experiments  are  re- 
ferred to  in  which  cast-iron  bars,  supported 
at  the  ends,  were  subjected  to  successive 
deflections — in  some  cases  as  many  as 
100,000, — by  means  of  a  cam,  at  the  rate 
of  four  per  minute.  When  the  depressions 
were  one-third  of  the  ultimate  deflection,  the 
bars  were  not  apparently  weakened.  When, 
however,  the  depressions  were  one-half  of 
the  ultimate  deflection,  the  bars  were 
broken  with  less  than  900  flexures.  A 
load  equal  to  half  the  breaking  weight, 
moved  backwards  and  forwards  from  one 
end  to  the  other  of  a  cast-iron  bar,  pro- 
duced no  apparent  weakness  by  96,000 
transits. 

For  cast-iron  bridges,  the  British  Board 
of  Trade  has  directed  that  the  breaking 
weight  should  not  be  less  than  three  times 
the  permanent  load  from  the  bridge  itself, 
added  to  six  times  the  greatest  rolling  load. 
The  general  opinion  of  engineers,  however, 
is,  that  the  breaking  weight  should  be  four 
times  the  total  load  for  good-sized  castings, 
supporting  a  dead  weight,  six  times  for 
large  castings  subjected  to  changes  of  load 
and  vibrations,  as  in  railway  bridges,  and 
eight  times  for  small  castings  and  for  work 
subjected  to  particularly  violent  and  sud- 
den shocks. 

"The  resisting  powers  of  beams,"  says 
Mr.  Fairbairn,  "  of  whatever  material  they 
may  be  composed,  are  like  the  muscles  of 
the  animal  framo  when  strained  beyond 
their  reasonable  powers  of  resistance.  They 
may  for  a  time  endure  the  load,  and  prob- 
ably a  few  repetitions  of  it ;  but  the  result 
generally  is  either  the  rupture  of  the  seve- 
ral parts,  or  the  total  suspension  of  those 
qualities  by  which  its  elasticity  and  powers 
of  restoration  are  maintained.  It  there- 
fore follows  that  every  description  of  mate- 
rial, when  subjected  to  a  transverse  strain. 
should  never  be  urged  to  greater  endurance 
than  may  be  required  to  straighten  the 
fibres,  or  arrange  the  molecules  of  its  crys- 
talline structure.  Any  strain  beyond  that 
point  is  attended  with  risk  ;  and  in  every 
case  where  the  beam  is  subject  to  alter- 
nate change  oi  vibration,  to  dead  weight, 
and  the  force  of  impact,  it  is   safer  to  mul- 


371 


VAN    NCSTRAXD'S    ENGINEERING    MAGAZINE. 


tiply  the  load  by  4  than  by  3,  as  the  ulti- 
mate strength  of  the  beam.  In  girders  for 
railway  bridges  the  multiplier  should  never 
be  less  than  5,  and  in  most  cases  even  6  is 
preferable,  owing  to  the  great  weight  and 
liigh  velocities  with  which  trains  pass  over 


a  continnous  line  of  rail,  involving  equally 
severe  tests  of  impactive  force  on  every 
structure,  whether  beams  or  bridges,  that 
have  to  support  the  immense  weight  of 
railway  traffic,  varying  in  speed  from  25  to 
50  miles  an  hour." 


THE   WESTINGHOUSE   AIR  BRAKE. 


Frum  "The  Engineer. :' 


The  Westinghouse  brake — so  called  be- 
cause the  inventor  is  a  Mr.  Westinghouse, 
of  Pittsburgh,  U.  S. — differs  from  all  the 
other  aii-  brakes  which  have  been  brought 
before  the  world,  in  two  principal  features. 
The  first  is  the  system  of  obtaining  com- 
pressed air ;  the  second  is  the  kind  of  coup- 
ling joint  used  to  unite  the  pipes  establish- 
ing communication  throughout  the  train.  In 
all  the  air  brakes  hitherto  tried  the  com- 
pression of  the  air  has  been  effected  by  a 
pump  or  pumps,  worked  either  from  the 
wheels  of  the  tender  or  of  the  guard's  van. 
Generally  speaking,  the  modus  operandi 
is  like  this  : — One,  two,  or  three  air  pumps 
are  fixed  in  a  case  within  the  guard's  van. 
These  are  actuated  by  a  crank  shaft  driven 
by  a  strap  from  one  of  the  van  axles.  Any 
conceivable  form  of  clutch  may  be  used  to 
suspend  or  establish  the  motion  of  the  crank 
shaft  and  of  the  pumps  at  pleasure,  and  this 
clutch  or  its  equivalent  is  under  the  control 
of  the  guard.  The  objections  to  this  ar- 
rangement are  so  numerous  that,  although 
the  scheme  has  often  been  tested,  it  has 
never  obtained  adoption  by  railway  men. 
In  the  first  place,  if  the  guard  does  not  put 
the  apparatus  in  action  soon  enough  there 
is  no  pressure  of  air  ready  when  wanted  to 
actuate  the  brakes,  and  the  pressure  cannot 
be  obtained  until  the  whole  train  has  run 
far  enough  to  give  the  requisite  number  of 
strokes  of  the  pump.  We  can  call  to  mind 
a  case  in  which  such  a  brake  was  tested, 
and  no  less  than  seven  seconds  elapsed 
before  sufficient  pressure  was  obtained  to 
put  the  brake  on.  Now  seeing  that  a  train 
moving  at  50  miles  an  hour  passes  over  73  ft. 
a  second,  this  would  represent  a  distance  of 
no  less  than  511  ft.  But  with  a  good  con- 
tinuous brake,  applied  at  once,  a  heavy 
train  might  be  stopped  altogether  in  little 
more  than  the  distance  thus  wasted  in 
merely  getting  the  brakes  to  begin  to  act 
in  the  case  named.  Another  objection  is, 
that  the    whole  of  the  pumping   must  be 


done,  in  any  case,  in  a  very  few  seconds, 
and  the  machinery  is  thus  run  at  a  very 
high  speed  over  which  no  one  has  any  con- 
trol, the  velocity  of  the  air  pump  crank  shaft 
being  normal  to  that  of  the  train.  Again, 
if  brakes  are  fitted  to  the  van,  it  is  certain 
that,  from  causes  well  understood,  the  maxi- 
mum pressure  will  be*  reached  in  the  van 
cylinder  before  it  is  reached  at  the  end  of  a 
long  train.  The  van  wheels  will,  therefore, 
be  skidded,  and  the  augmentation  of  pres- 
sure will  cease  before  the  brakes  are  applied 
under  the  other  vehicles  with  full  force. 
Mr.  Westinghouse  gets  rid  of  all  these 
objections  en  bloc  by  using  an  independent 
donkey  engine  to  keep  a  reservoir  full  of 
compressed  air  at  all  times.  This  reservoir 
holds  enough  air  to  put  all  the  brakes  on  a 
long  train  on  at  once.  As  there  is  nothing 
like  a  fact  to  prove  an  argument,  we  may 
state  here  that  a  train  of  33  American  cars, 
extending  in  length  over  a  quarter  of  a 
mile,  and  weighing  in  all  550  tons,  was 
run  down  an  incline  of  1  in  95  at  a  speed 
of  35  miles  an  hour.  This  speed  attained, 
the  brake  was  put  full  on,  and  the  train 
was  stopped  within  a  distance  of  700  ft. 
The  first  argument  that  will  be  raised 
against  the  Westinghouse  system  of  com- 
pressing air,  is  that  a  donkey  pump  cannot 
Be  made  witout  a  flywheel  and  appurte- 
nances which  will  do  the  required  work  with 
certainty.  We  confess  that  on  this  point 
we  were  a  little  doubtful,  and  we  did  not 
rest  satisfied  until  we  had  tried  for  our- 
selves how  much  reliance  was  to  be  placed 
on  Mr.  Westinghouse's  pump.  On  Mon- 
day, the  13th  inst.,  we  travelled  from  Eus- 
ton-square  to  St.  Albans  and  back,  on  a 
locomotive  fitted  up  under  Mr.  Westing- 
house^ patents.  "We  found  the  action  of 
the  pump  to  be  all  that  could  be  desired. 
There  is,  practically  speaking,  no  speed  so 
slow  that  it  will  not  work  with  regularity; 
and  nothing  was  more  interesting  than  to 
watch  the  action  of  the  pump  from  the  foot- 
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plate  while  the  train  was  running  at  a  high 
speed.  Steam  was  nearly  all  but  shut  off 
from  the  donkey.  Yet  every  five  seconds 
or  so  the  reversal  of  the  valve  gear  could  be 
seen  to  take  place ;  and  so  the  donkey 
pursued  the  even  tenor  of  its  way,  main- 
taining a  steady  pressure  of  about  70 
lbs.  in  the  reservoir  under  the  foot-plate. 
Mr.  Westinghouse  has  applied  this  pump 
as  a  boiler  feeder,  and  one  with  a  pump  4 
in.  diameter  and  14  in.  stroke  runs  steadily 
at  a  speed  as  low  as  one  stroke  only  per 
minute.  Once  more,bringing  facts  to  back  up 
arguments,  we  may  state  that  there  are  at 
this  moment  over  twelve  hundred  Westing- 
house  pumps  at  work  in  the  United  States, 
and  that  their  construction,  and  that  of  the 
other  portions  of  the  brake,  afford  full  em- 
ployment to  a  large  engineering  establish- 
ment at  Pittsburgh.  This  pump,  then,  is  no 
toy.  It  is  as  much  an  article  of  commercial 
manufacture  and  sale  as  a  reaping  machine 
■or  a  portable  engine  ;  and  it  is  quite  as  reli- 
able in  its  action,  and  as  certain  to  give  no 
trouble  as  either  one  or  the  other. 

We  have  stated  that  the  second  feature 
of  importance  in  this  brake  is  the  system 
by  which  the  pipes  are  joined  when  a  train 
is  being  made  up.  We  have  not  the  slight- 
est hesitation  in  saying  that  the  joint  used 
will  well  repay  the  closest  examination.  It 
is  simply  an  exquisite  adaptation  of  me- 
chanical means  to  a  required  end  with  the 
least  possible  complication  uf  apparatus. 
The  joint  is  as  perfect,  perhaps,  as  it  is  pos- 
sible to  make  a  joint,  every  obstructive  con- 
tingency having  been  contemplated  and 
disposed  of.  The  joints  practically  take  care 
of  themselves.  There  are  no  screws,  cocks, 
■or  complex  couplings.  We  have  only,  to  put 
the  matter  in  plain  terms,  to  stick  one  end 
of  a  pipe  into  another  end  of  another  pipe, 
to  give  the  joint  a  half  twist,  and  the  joint 
is  made  good.  The  little  india-rubber  band 
forced  out  by  the  pressure  within  is  as  neat 
an  application  of  means  to  an  end  as  is  the 
leather  collar  by  which  Bramah  made  the 
hydraulic  press  a  success.  No  joint  possess- 
ing anything  like  the  advantages  of  this 
joint  has  ever  been  applied  to  a  kindred 
purpose.  Both  pipes  we  have  found,  by 
experience  can  be  coupled  in  10  sec.  It 
may  perhaps  be  urged  that  the  gun-metal 
couplings  may  get  knocked  about  and  in- 
jured. This  is  improbable  ;  but,  to  guard 
against  the  chance  of  injury  from  the  blow 
of  a  swinging  drawbar,  a  heavy  india-rub- 
ber band  is  slipped   over  the    clamps  ;  and 


besides,  a  rimer  is  supplied  with  each  set  of 
brakes.  This  rimer  is  made  to  gauge,  and, 
should  it  be  found  that  the  joints  do  not  go 
together  freely,  the  carriage  examiner,  who 
is  supposed  to  carry  this  rimer,  applies  it  to 
the  defective  coupling,  and,  by  a  single 
turn,  removes  any  grit  or  imperfection 
wdrich  may  interfere  with  the  action  of  the 
coupling.  In  practice  this  rimer  is  rarely, 
if  ever,  found  necessary.  It  constitutes  the 
embodiment  of  a  measure  of  precaution, 
however,  useful  in  its  way. 

A  great   objection  to  many  systems    of 
continuous  brakes  lies  in  the  fact  that  the 
action  of  the  springs  of  the  carriage  is  com- 
pletely arrested  when  the  brake  is  put  hard 
on,  the  carriage  being  then  made  one  with 
the  wheels.     Mr.  Westinghouse  gets  over 
this    difficulty   in   two  ways.     In  the  first 
place,  the  brake  blocks  are  hung  on  the  flap 
plan  from  the  framework,  by  which  about 
2 1  cwt.  are  saved  in  the  weight  of  the  ap- 
paratus as  compared  with  the  slide  brake  ; 
while  the  brake  blocks  are  hung  by  joints 
at  the  centre,  instead  of  being  bolted  rigidly 
to  the  flap  bars  or   hangers.     A  moment's 
thought  will  prove  that,  under  these  condi- 
tions, a  certain  amount  of  motion  is  still  left 
to  the  axle-boxes  ;    the  wheels  can  play  up 
and  down  under  the  carriages,  the  joint  in 
the  brake  block  permitting  the  motion  of  the 
axle-boxes   in  the  iron  plates.     It  may  be 
argued  that  the  play  must  be  limited,  be- 
cause  the  axle  must  move  through  a  curve 
the  radius  of  which  is  equal  to  the  distance 
between  the  centre  of  the  wheel  and  the 
centre  of  the  pin  on  wdiich  the  brake  block 
pivots ;  but   this   would  only    be    true    if 
the    brake    were   rigidly  applied,    as    by  a 
screw.     The   wheel    really    moves    nearly 
vertically  in  the  horn-plates,  the  brake  be- 
ing pressed  home  by  the   elastic  action  of 
the  air  in  the  brake   cylinder,  following  all 
its  motions  faithfully.     This   in  itself  is  a 
most  valuable    point,  which  we  have  never 
seen  applied  in  practice  before.  The  brakes 
do  not  drive  the  axle-boxes  hard  against  the 
horn-plates,    because    the    axle    boxes    are 
united  by  a  light  tie  rod  which  holds  them 
together  in  a  way  too  obvious  to  need  ex- 
planation.    In  order  to  secure  the   equable 
action    of  both  brake  blocks,  an  ingenious 
equalizing  bar  is  introduced,  the    action  of 
which   is,  on  the    one  hand,  so   simple  as 
hardly  to  require  an  engraving,  and,  on  the 
other,  not  so  obvious  that  it  is  easy  to    ex- 
plain it  without  one  ;  suffice  it  to  say  that 
the  piston  rod  of  the  brake  cylinder,  instead 
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of  being  coupled  direct  to  the  single  arm  of 
a  rocking  shaft,  is  coupled  to  the  middle  of 
a  short  transverse  bar,  the  ends  of  which 
are  each  jointed  to  two  levers,  one  on  each 
half  of  a  double  rocking  shaft,  one  half  of 
which  acts  on  one  brake  while  the  other  half 
acts  on  the  other  at  the  opposite  end  of  the 
carriage.  The  action  is  precisely  that  of  a 
whipple-tree,  or,  to  put  it  in  more  mechani- 
cal phraseology,  that  of  the  well-known 
"jack-in-the-box  "  gear. 

An  objection  has  been  raised  that  the 
blocks,  from  rapid  wear,  will  require  con- 
stant readjustment.  Here  Mr.  AVesting- 
house  introduces  us  to  a  novelty  in  the  shape 
of  cast-iron  brake  blocks.  These  have  been 
in  use  for  years  in  the  States,  and  there 
does  not  appear  to  be  any  valid  objection 
to  their  use  here.  The  idea  that  "  they 
will  not  do  "  comes  out  on  examination  to  be 
only  an  idea.  They  will  not  wear  flat 
places  in  the  wheels ;  on  the  contrary,  they 
grind  flat  places  out  of  them  ;  and  extended 
experience  with  their  action  on  steel  tires  in 
America  goes  to  show  that  they  are  less 
injurious  to  the  wheels  than  wood  blocks, 
which  catch  and  hold  sand.  On  the  whole, 
the  cast  iron  blocks  appear  to  have  a  little 
less  grip  than  wood  in  dry  weather,  but  in 
wet  weather  the  coefficient  of  adhesion  is 
much  greater  than  that  of  wood,  so  that 
the  average  efficiency  of  a  cast-iron  block 
the  year  through  is  greater  than  that  of  a 
wood  block.  As  regards  heating,  careful 
experiment  has  proved  that  the  maximum 
temperature  attained  by  cast  iron  blocks  in 
summer  is  but  132  deg.  They  have  been 
in  use  for  three  months  on  the  Caledonian 
Railway,  and  have  given  perfect  satisfaction 
to  Mr.  Connor,  who,  we  may  add,  was  the 
first  to  give  the  Westinghouse  brake  a  trial 
in  this  countrv. 


As  an  example  of  the  adaptability  of  the 
Westinghouse  brake  to  local  traffic  trains, 
we  may  state  that  it  has  been  for  two  years 
in  constant  use  on  a  local  train  on  the  Penn- 
sylvania Railroad.  This  train  runs  14  miles 
into  the  country,  stopping  at  23  Stations. 
The  train  makes  8  trips  a  day  during  the 
week,  and  2  trips,  or  46  stoppages,  on  Sun- 
day. We  have  nothing  to  parallel  this,  ex- 
cept perhaps,  on  the  Metropolitan  Railway. 

We  have  mentioned  elsewhere  that  a 
system  of  signalling  is  combined  with  the 
action  of  the  brake,  and  the  description  of  the 
apparatus  must  be  read  carefully  to  make  the 
action  of  the  signalling  apparatus  intelligible. 
It  is  extremely  simple,  and  has,  so  to  speak, 
grown  out  of  the  brake  without  any  special 
culture.  We  tested  its  merits,  however,  on 
Monday,  the  13th  instant.  Almost  any 
signal  can  be  heard  on  a  locomotive  foot- 
plate when  the  weather  is  fine  and  the  line 
open,  and  there  was  no  difficulty  in  this 
case  ;  but  to  test  it  still  further,  we  stood 
away  as  far  as  possible  on  the  large  foot- 
plate of  the  heavy  engine  to  which  the 
apparatus  is  fitted  on  the  London  and 
North-Western  Railway,  and  when  going 
at  full  speed  through  Primrose  Hill  tunnel 
we  heard  the  whistle  with  the  greatest  ease, 
although  we  did  not  know  previously  that 
a  signal  was  to  be  sent  us  from  the  guard's 
van  just  then.  We  believe  that  this  signal 
apparatus  deserves  attention  and  elabo- 
ration. 

We  should  not  have  given  the  subject  so 
much  prominence,  but  that  we  have  assured 
ourselves,  both  by  personal  examination 
and  inquiry,  that  Mr.  Westinghouse  has 
practically  solved  on  the  largest  possible 
scale,  one  of  the  most  perplexing  problems- 
that     ever  beset   the  modern   railway    en- 
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The  question  of  armor  fastenings  hav- 
ing, during  the  present  year  (1871),  been 
again  revived,  and  grave  charges  brought 
against  the  Admiralty  and  others  who  per- 
sist in  the  adoption  of  the  common  or  minus- 
threaded  bolts,  we  propose  to  lay  before  our 
readers  a  few  facts  in  connection  with  this 
subject,  showing  why  the  Admiralty  con- 
tinues the  use  of  this  form  of  bolt  for 
armor-clad  ships  in  preference  to  the  plus- 


threaded,  and  we  are  the  more  anxious  to 
do  so  on  account  of  the  vague  notions 
which  certain  writers  in  our  public  journals 
seem  to  have  with  reference  to  this  matter. 
Armor  fastenings  have  already  provoked 
a  great  deal  of  discussion,  owing  to  the 
different  opinions  held  by  those  who  have 
taken  any  prominent  part  in  the  construc- 
tion of  our  iron-clad  ships  and  land  fortifi- 
cations.     But  when  two  great  departments 
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of  the  State  agree  to  differ,  and  each  de- 
liberately decides  to  adopt  its  own  peculiar 
views,  and  that,  too,  after  a  costly  series  of 
experiments  has  been  made  to  settle  dis- 
puted points,  it  is  no  marvel  that  the  public 
should  express  their  dissatisfaction  at  this 
apparently  anomalous  procedure  ;  and  the 
case  becomes  all  the  more  aggravated  when 
the  merits  of  the  plus-threaded  system  are 
paraded  in  the  newspapers  with  a  plausible 
claim  to  superiority,  and  the  minus-threaded 
bolt  is  represented  as  being  minus  of  every 
good  quality. 

We  read  an  article  in  one  of  our  daily 
newspapers  a  short  time  ago,  censuring  the 
Admiralty  in  no  measured  terms  for  what 
was  termed  its  persistent  folly  in  not  aban- 
doning its  system  of  armor  fastenings  and 
adopting  the  plus-threads.  Now  we  must 
beg  to  differ  altogether  from  the  advocates 
of  such  views,  for,  in  our  opinion,  the  folly 
would  be  in  acting  upon  their  suggestions. 
This  we  hope  presently  to  show  would  be 
the  case  both  as  concerns  economy  and  effi- 
ciency. Does  it  follow,  because  the  War 
Department  has  thought  proper  to  sanction 
the  use  of  these  particular  bolts  for  land 
fortifications,  that  therefore  the  Admiralty 
must  do  the  same  for  armor-clad  ships  ? 
It  may  just  as  well  be  argued  that  animals 
which  have  been  formed  by  the  Creator  to 
dwell  on  dry  land,  could  live  equally  well  in 
the  sea  if  they  would  only  try,  as  to  sup- 
pose that  the  same  description  of  work  can 
be  made  to  answer  alike  in  both  cases. 

Armor-clad  ships,  we  need  scarcely  say, 
have  to  carry  and  fight  their  guns,  and 
must  be  constructed  so  as  to  be  impervious 
to  water  as  well  as  impregnable  to  shot,  an 
achievement  not  very  easily  accomplished. 
The  difficulty,  for  instance,  of  keeping  these 
ponderous  ships  water-tight  will  be  the 
more  apparent  if  we  consider  how  they  are 
tossed  upon  the  billows,  and  plunged  into 
the  hollow  of  the  waves.  The  wonder  is 
that  they  keep  so  free  from  leakage  as  they 
do,  but  this  can  only  be  effected  by  good, 
sound  work,  which  we  are  glad  to  say  the 
Admiralty  always  insists  on.  We  may  men- 
tion, as  an  instance  of  the  great  force  with 
which  water  impinges  against  the  bows  of 
a  ship,  that  in  one  of  our  earliest  iron-clads, 
during  her  trial  at  sea,  the  manger  scuppers, 
of  lead  f-  in.  thick,  collapsed,  owing  to  the 
water  forcing  its  way  through  the  joint 
made  with  the  scupper  and  wood  fillings. 
The  water  pressing  or  impinging  against 
the    sides   of    our    ships   with    such    force 


renders  it  necessary,  therefore,  that  the 
greatest  care  should  be  taken  with  the 
fastenings,  and  bolt-holes  have  to  be 
caulked  round  the  inside  between  the  joints 
of  the  skin  and  wood  backing,  and  a  hemp- 
en grummet  placed  under  the  washer  to 
prevent  leakage.  Yet,  notwithstanding 
these  precautions,  the  water  sometimes 
forces  its  way  through. 

Before  proceeding  with  the  more  techni- 
cal part  of  our  subject,  let  us  define  the 
terms  we  have  applied  to  these  bolts.  Sup- 
pose, then,  a  screw-bolt  to  be  made  in  the 
ordinary  manner,  the  threads  being  cut  on 
the  points,  as  is  usual  for  a  common  bolt, 
the  diameter  of  the  bolt,  measured  at  the 
smallest  part  of  the  screw,  will  of  course  be 
less  than  the  diameter  of  the  shank.  This, 
then,  is  what  is  meant  by  the  term  minus 
threads.  Now,  if  we  put  this  same  bolt 
into  the  lathe  and  turn  down  its  shank  be- 
tween the  head  and  screw  point  until  it 
is  reduced  in  diameter  to  the  smallest  sec- 
tion of  the  screw  point,  or  a  trifle  below  it,, 
we  shall  have  the  phis  threads.  In  other 
words,  the  screw  thread  will  be  in  relief 
upon  the  shank,  and  consequently  the  point 
will  be  larger  than  the  shank  by  the  depth 
of  the  screw  thread. 

There  is  nothing  novel  in  this  descrip- 
tion of  screw  thread,  for  it  has  been  used 
for  certain  works  from  time  immemorial ; 
but  the  application  of  the  principle  to  ar- 
mor-bolts is,  we  believe,  modern,  and  is 
patented  by  Major  Palliser,  who,  some 
years  ago,  when  armor-plating  was  in  its 
infancy,  witnessed,  in  common  with  others, 
a  series  of  experiments  at  Shoeburyness 
with  the  armor-plated  targets,  represent- 
ing both  the  sides  of  our  iron-clad  ships  and 
our  land  fortifications.  Seeing  how  de- 
structive the  firing  at  these  targets  proved  to 
the  armor-bolts,  he  immediately  turned 
his  attention  to  remedying  this  defect, 
which  he  endeavored  to  do  by  changing  the 
form  of  the  bolts  then  in  use,  making  them 
with  plus  in  lieu  of  minus  threads,  and  at 
the  same  time  using  a  more  costly  and  duc- 
tile quality  of  iron,  with  a  view  to  resist  im- 
pulsive strains.  Others  attempted  to  attain 
the  same  result  by  the  introduction  of  elas- 
tic washers  placed  under  the  nuts,  so  as  to 
deaden  vibration  and  allow  the  bolt  to  yield 
at  the  moment  of  impact  by  shot.  Various 
contrivances  for  these  washers  were  resort- 
ed to,  both  with  regard  to  the  form  and 
also  the  material,  and  at  length  the  elastic 
cup  washer  was  proposed  and  adopted  for 
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armor-clad  ships,  while  the  plus-threaded 
bolts  were  adopted  for  land  fortifications. 
Both  systems,  it  will  be  observed,  aim  at 
relieving  the  bolts  from  strains  of  enormous 
magnitude  suddenly  applied.  In  the  one 
case  the  object  is  attained  by  the  applica- 
tion of  an  elastic  substance,  placed,  as  we 
have  said,  under  the  nuts,  and  in  the  other 
by  the  stretching  of  the  bolts  themselves. 

The  elastic  cup  washer  is  fully  described 
and  illustrated  in  "  Shipbuilding  in  Iron 
and  Steel,"  by  Mr.  E.  J.  Reed,  C.  B.  A 
brief  description  of  it  here  may,  however, 
be  of  advantage.  It'  consists  of  three  arti- 
cles— viz.,  a  wrought-iron  cup,  having  a 
flat  surface  to  fit  against  the  skin  plating, 
■an  india-rubber  washer  which  is  placed  in- 
side the  cup,  and  a  covering  plate  of  com- 
mon washer.  These  have  each  a  hole 
through  their  centres  of  the  size  to  suit  the 
diameter  of  the  bolt  to.  which  they  are  to 
be  applied.  They  are  then  threaded  on  to 
the  point  of  the  bolt  in  the  order  stated,  the 
plate-washer  or  covering  plate  forming  a 
base  against  which  the  face  of  the  nut  fits 
when  screwed  on.  The  proportions  of  these 
articles  must  depend  upon  the  size  of  bolt 
and  thickness  of  armor  plate.  By  this  ar- 
rangement a  kind  of  buffer  is  formed  ;  but 
as  india-rubber  while  being  very  elastic  is 
practically  an  incompressible  substance,  care 
must  be  taken  to  allow  sufficient  room 
around  the  edge  of  the  covering  plate,  so 
that  when  the  bolt  is  overstrained  by  con- 
cussion, the  india-rubber  may  be  allowed  to 
exude.  The  space  around  the  edge  of  the 
plate  referred  to  must  be  regulated  by  the 
texture  of  the  india-rubber,  and  this  last- 
mentioned  quality  must  depend  upon  the 
size  of  the  armor  bolt.  The  form  of  these 
washers  is  hexagonal.  This  is  for  the  pur- 
pose of  preventing  the  india-rubber  from 
twisting  when  a  heavy  strain  is  put  upon  it 
by  screwing  up  the  nut.  They  may  be  of 
cylindrical  shape,  provided  the  covering 
plate  can  be  so  fitted  as  to  prevent  its  rota- 
ting while  the  nuts  are  being  screwed  up. 
The  cup  is  intended  to  be  a  repository  of 
latent  elasticity,  which  will  allow  the  bolts 
to  yield  at  the  moment  of  impact  by  shot  at 
every  round  until  the  whole  of  the  india- 
rubber  has  been  squeezed  out  of  the  cups, 
just  on  the  same  principle  as  the  stretching 
bolt  which  stretches  until  it  breaks.  So 
far,  then,  as  yielding  is  concerned,  the  two 
systems  may  be  said  to  be  identical. 

It  must  further  be  remarked  with  respect 
to  the  plus-threaded  bolts,  that  Major  Pal- 


liser,  subsequently  to  the  time  we  have  re- 
ferred to,  added  two  other  features  to  his 
system,  viz.,  extremely  fine  threads,  and  a 
new  method  of  forming  the  conical  heads, 
concerning  which  he  laid  down  a  rule  that 
they  should  not  be  made  by  upsetting  the 
iron,  as  is  commonly  done  by  smiths  when 
employed  on  this  description  of  work  ;  so  to 
carry  out  this  idea,  the  bolt  staves  have  to 
be  provided  large  enough  for  the  required 
diameter  of  the  conical  head.  The  iron  is 
then  "  swaged  "  down  from  this  larger  diam- 
eter to  that  required  for  the  shank  of  the 
bolt,  the  head  being,  of  course,  formed  by 
the  same  operation. 

The  bolts  now  being  used  by  the  "War 
Department  for  land  fortifications  differ  in 
form  from  those  we  have  just  described. 
For  instance,  nuts  take  the  place  of  heads, 
and  the  bolts  closely  resemble  those  used 
by  civil  engineers  and  others  for  the  tie- 
bolts  of  bridges,  etc.  The  mode  of  manipu- 
lation is,  however,  very  different  in  the  two 
cases.  Those  for  land  fortifications  are 
made  from  bolt  stave  of  the  diameter  of  the 
largest  part  of  the  screw  threads,  the 
shanks  between  the  screw  threads  being 
afterwards  turned  down  to  the  smaller  di- 
ameter ;  while  the  tie-bolts  referred  to  are 
made  by  simply  upsetting  the  iron  in  order 
to  obtain  the  increased  diameter  for  the 
raised  or  plus  thread.  This  is  a  matter  of 
great  importance  from  an  economical  point 
of  view,  and  we  will  therefore  give  a  few 
particulars  illustrative  of  the  precautions 
taken  to  insure  the  desired  quality  in  the 
bolts  made  for  the  War  Department. 

From  each  length  of  bolt  stave — say  from 
15  to  18  ft. — a  test  piece  2  ft.  long  is  cut 
and  prepared.  It  is  fixed  in  a  vertical  posi- 
tion under  a  steam  hammer  by  an  appara- 
tus specially  arranged  for  the  purpose,  anoL 
then  drawn  asunder  lengthwise  by  repeat- 
ed blows.  There  must  be  a  certain  per- 
centage of  reduction  in  the  breaking  section 
as  compared  with  the  original  section  of 
the  test  piece,  in  order  that  the  stave  from 
which  it  was  cut  may  be  accepted.  Should 
this  percentage  not  be  obtained,  the  whole 
stave  is  rejected.  Our  readers  will  probably 
think  this  an  extravagant  and  costly  pre- 
caution, especially  when  compared  with  the 
Admiralty  test  of  one  bolt  out  of  every 
hundred. 

The  latter  test  is  also  percussive,  but  is 
made  by  means  of  an  article  termed  a 
"  tub "  (about  1  ton  in  weight),  let  fall 
through  a  space  of  30  ft.,  the  test  bolt  being 
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so  placed  that  the  fall  of  the  tub  shall 
bring  upon  it  strains  similar  to  those  caused 
in  the  fastenings  by  the  impact  of  shot  upon 
the  armor  plates  on  a  ship's  side.  Of 
course,  with  the  War  Department's  sys- 
tem of  fastenings,  great  ductility  is,  as  we 
have  said,  essential  to  the  success  of  the 
bolts,  and  the  elaborate  tests  described 
above  are  indispensable.  But  a  quality  of 
iron  which  would  certainly  fail  to  satisfy 
the  War  Department's  requirements,  and 
would  break  under  trial  because  of  its  want 
■of  ductility,  might  with  elastic  cup  washers 
answer  every  purpose.  The  difference  in 
the  cost  of  the  iron  would  be  considerable, 
as  some  of  our  readers  will  understand 
when  we  state  that  the  qiiality  now  being 
used  by  the  War  Department,  and  manu- 
factured by  Sir  John  Brown  &  Co.,  costs 
£21  per  ton. 

The  nuts  and  washers  for  land  fortifica- 
tions are  also  of  a  novel  pattern.  They  are 
made  on  the  ball  and  socket  principle,  and 
are  termed  spherical  nuts  and  coiled  wash- 
ers. The  socket  for  the  nut  which  answers 
for  the  head  of  the  bolt,  is  made  in  the 
armor  plate  itself  by  countersinking  the 
plate  to  fit  the  spherical  nut. 

The  washers  at  the  points  of  the  bolts 
are  made  up  of  two  parts  as  follows  :  A 
socket  to  receive  the  nut  (circular  in  form) 
is  first  made  out  of  coiled  bar  iron  welded, 
of  the  required  thickness.  On  the  outside 
of  this  a  screw  thread  is  cut  for  the  purpose 
of  receiving  a  jacket  or  coil  of  bar  iron, 
which  is  first  put  into  shape  by  being  bent 
hot  to  the  form  required,  and  when  cold  a 
screw  thread  is  cut  on  the  inside  to  coin- 
cide with  that  on  the  external  part  of  the 
socket.  This  coil  is  not  welded.  The  two 
are  then  screwed  together,  forming  one 
washer,  the  coil  on  the  outside  acting  as  a 
supporter  in  order  to  prevent  the  socket 
from  bursting  at  the  moment  of  impact  by 
shot,  and  at  the  same  time  giving  elasticity 
to  the  nut.  The  nuts  being  thus  made 
from  coiled  iron  are  expected  to  expand 
when  concussion  takes  place,  and  so  allow 
the  nut  to  yield  to  the  strain.  It  will 
therefore  be  observed  that  the  materials  of 
which  these  bolts  and  nuts  are  made  must 
be  of  the  very  best  description  and  of  special 
manufacture.  The  washer  is  patented  by 
by  Lieutenant  English,  E.  E. 

Shipbuilders  will  at  once  see  from  our  de- 
scription of  these  bolts  that  they  are  not  at 
all  adapted  for  iron-clad  ships,  in  their 
original  form,  and  that  in  order  to   render 


them  suitable  their  shape  must  be  changed, 
so  that  externally  they  may  be  of  the  same 
form  as  the  minus-threaded  bolts,  by  coat- 
ing them  with  some  metallic  or  other  sub- 
stance— that  is  to  say,  instead  of  their 
points  being  larger  in  diameter  than  their 
shanks,  the  order  must  be  reversed,  and  the 
points  must  be  the  smaller.  Tins  is  abso- 
lutely necessary  to  insure  sound  water- 
tight work,  and  in  some  of  the  earlier  Pal- 
liser  bolts  the  recessed  part  of  the  shank 
was  filled  up  with  an  alloy  of  antimony  and 
lead  for  this  purpose,  but  the  plan  was 
afterwards  abandoned.  The  additional  ex- 
pense (we  were  told  at  the  time)  for  this 
extra  work  so  increased  the  cost  as  to 
make  them  equal  in  value  to  their  weight 
in  silver.  But  this  was,  no  doubt,  an  ex- 
aggerated statement. 

We  shall  not  stay  here  to  discuss  the 
merits  of  this  combination  of  metals,  fur- 
ther than  to  say  that  we  should  not  like  to 
answer  for  the  consequences  which  would  be 
likely  to  ensue  when  these  metals  are 
brought  into  contact  with  sea^ water. 

But  let  us  now  suppose  that  this  plan  can 
be  carried  out  by  the  introduction  of  some 
metallic  or  other  substance,  and  that  the 
bolts,  having  been  driven  tightly  through 
their  holes,  are  water-tight.  The  ship  goes 
into  action.  What  follows  ?  According  to 
the  theory  of  the  patentee,  the  first  blow 
the  armor  plating  receives,  the  bolts  in  the 
vicinity  of  the  shot-hole,  or  indent,  as  the 
case  may  be,  are  to  stretch,  and  as  a  neces- 
sary consequence  there  will  also  be  a  cor- 
responding reduction  in  the  diameter  of  the 
bolts  so  acted  upon.  These  bolts  of  course 
are  at  once  rendered  slack  in  their  holes, 
when  leakage  must  ensue  if  the  damage  is 
in  the  neighborhood  of  the  water-line,  and 
this  at  a  time,  above  all  others,  when 
water-tightness  should  be  preserved,  and 
the  guns,  and  not  the  pumps,  well  man- 
ned. 

We  may  also  mention  another  contin- 
gency which  has  to  be  studied,  should  this 
plan  be  carried  otit,  and  that  is  the  prob- 
ability of  the  nuts  jarring  off  at  the  moment 
of  impact  by  shot,  owing  to  their  not  bear- 
ing evenly  against  the  skin  plating,  on 
account  of  the  difficulty  of  boring  the  holes 
exactly  at  right  angles  to  the  side  of  the 
ship.  We  know  that  the  slightest  deviation 
in  this  respect  will  cause  a  transverse  strain 
to  be  brought  upon  them  simultaneously 
with  the  tension,  and  the  effect  of  this  will 
be  to  fracture  the  bolt  at  the  thread  next  to 
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the  skin  plating,  and  so  jar  off  the  nuts. 
We  do  not  say  that  this  defect  could  not  be 
obviated  by  using  tapering  washers ;  but 
even  then  there  would  be  a  degree  of  un- 
certainty about  it,  as  the  workmen  them- 
selves may  be  deceived  in  this  manipula- 
tion, and  the  same  evil  would  exist  in  the 
common  bolts,  were  it  not  for  the  elastic 
cup  washer,  which  acts  as  a  regulator  in 
this  respect,  for  no  sooner  is  a  slight  strain 
put  upon  the  india-rubber  which  is  confined 
within  the  cup,  than  a  uniform  bearing  un- 
der the  nuts  is  virtually  obtained  by  the 
accommodating  nature  of  this  material. 

The  spherical  nuts  already  mentioned 
were  introduced,  no  doubt,  partly  to  obviate 
the  same  evil ;  but  then  it  must  be  borne  in 
mind  that  bolts  used  for  land  fortifications 
are  all  loose  in  their  holes,  which  allows  the 
nuts  to  accommodate  themselves  when  a 
sudden  tensile  strain  is  brought  upon  them, 
and  it  is  not  too  much  to  say  that  the  suc- 
cess which  has  attended  the  trial  of  these 
bolts  is  in  some  measure  due  to  this  fact. 

The  benefit  derived  from  the  india-rubber 
has  been  fully  verified  by  the  experiments 
at  Shoebiiryness,  and  although  the  late  trial 
with  the  14-inch  plated  target  was  not  so 
successful  as  could  have  been  desired,  this 
ought  not  to  detract  from  the  merits  of  for- 
mer trials,  but,  on  the  contrary,  should 
form  a  ground  for  inquiring  why  the  bolts 
for  thick  plates  cannot  be  made  to  stand  as 
well  as  those  used  for  thinner  ones.  We 
are  glad  to  find  that  this  view  of  the  case 
has  been  entertained  by  the  Admiralty,  and 
the  partial  failure  referred  to  will  no  doubt 
be  rectified  in  the  ships  themselves. 

New  systems  of  work,  or  reconstructions, 
as  they  may  be  termed,  are  seldom  or  ever 
developed  all  at  once.  Experiment  after 
experiment  has  sometimes  to  be  made  be- 
fore certain  vital  points  can  be  satisfactorily 
determined.  This  is  especially  the  case 
with  regard  to  armor  plating  and  fasten- 
ings. No  sooner  have  the  requirements  in 
one  case  been  fairly  met,  than  the  arrange- 
ments have  to  be  altered  to  suit  another 
where  the  parts  are  of  larger  dimensions 
and  of  different  construction,  owing  to  the 
guns  gradually  growing  in  weight  and 
calibre.  Consequently  the  professional  offi- 
cers who  have  to  arrange  the  details  of  con- 
struction are  continually  having  forced  upon 
them  a  readjustment  of  the  fastenings,  in- 
volving the  employment  of  bolts  of  larger 
diameter,  stronger  cups,  and  an  increase  in 
the  thickness  of  india-rubber.     These  par- 


ticulars have  all  to  be  decided,  and  this 
cannot  be  done  correctly  in  the  absence  of 
experiments,  owing  to  the  amount  of  buck- 
ling these  extra  thick  plates  will  undergo 
at  the  moment  of  impact  by  shot.  This 
was  evidently  the  case  with  the  last  experi- 
mental ship  target  tried  at  Shoeburyness. 
The  firing  at  this  target  with  the  25-ton  gun 
was  so  terrific  in  its  results,  that  the 
wrought-iron  cups  which  contained  the 
india-rubber  were  found  to  be  too  weak  to 
withstand  the  violent  concussion  and  sud- 
den distortions  of  these  extraordinarily 
thick  plates,  consequently  the  cups  burst 
sideways,  allowing  the  india-rubber  to  es- 
cape, thus  bringing  at  once  iron  into  con- 
tact with  iron,  and  fracturing  the  bolts. 
But  it  is  worthy  of  remark  that  all  the  bolts 
withstood  the  first  round,  although  the  cups 
burst. 

If  is  impossible  to  anticipate  the  effects  of 
the  discharge  of  one  of  these  heavy  pieces 
of  ordnance  against  an  armor-plated  tar- 
get, and  therefore  it  is  not  fair  to  expect 
that  all  the  necessary  details  can  be  success- 
fully arranged  before  some  idea  has  been 
formed  as  to  the  requirements  of  the  case. 
Nor  have  we  yet  learnt  that  these  things 
are  managed  any  better  by  the  War  De- 
parment,  for  if  Shoeburyness  could  testify 
to  anything  at  all,  it  would  to  the  failure  of 
the  first  trials  with  the  Palliser  bolts,  not- 
withstanding all  the  pains  that  had  been 
taken  to  insure  success  by  previously 
testing  the  iron,  and  by  all  other  avail- 
able means.  But  to  revert  to  the  use  of 
elastic  cup  washers,  we  think  it  only  fair, 
after  what  has  been  said  on  the  other  side 
of  the  question,  to  give  some  positive  proof 
of  their  utility  from  actual  experiments 
made  at  Shoeburyness,  for  Major  Palliser 
himself  did  not  appear  to  be  in  full  posses- 
sion of  all  the  facts  of  the  case  when  he 
read  his  paper  on  Armor  Fastenings  at  the 
annual  meeting  of  the  Institution  of  Naval 
Architects,  in  1867.  Otherwise,  we  are  at 
a  loss  to  account  for  his  statements,  espe- 
cially during  the  discussion  which  followed, 
for  he  then  appeared  not  to  be  able  to  recol- 
lect'anything  good  of  these  washers  as  com- 
pared with  his  own  plan.  For  instance, 
when  asked  if  the  bolts  he  had  been  refer- 
ring to  had  elastic  cup  washers,  his  reply 
was,  that  the  "  box-target"  was  fitted  with 
them,  and  they  were  nearly  all  broken. 
Now,  what  is  the  history  of  this  old  target  ? 
We  call  it  old,  because  in  one  sense  it  was 
never  new,  having  been  constructed  entirely 
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out  of  old  materials,  as  the  following  state- 
ment will  show : 

The  Ordnance  Select  Committee,  at  the 
time  we  are  referring  to,  having  a  number 
of  projectiles  to  test,  and  being  anxious  to 
economize  as  much  as  possible,  resolved  to 
use  up  all  the  old  materials  then  lying  on 
the  ground  at  Shoeburyness  that  were 
available  for  the  purpose ;  consequently  old 
bolts,  old  cups,  and  old  india-rubber  were 
among  the  things  that  were  brought  into 
requisition.  The  bolts  and  washers  were 
the  same  as  had  been  used  at  the  trial  of 
the  Bellerophon  target,  and  had  done  their 
work  successfully,  not  one  of  the  bolts  with 
these  washers  applied  to  them  having  failed 
on  that  occasion.  In  order  to  render  these 
very  bolts  available  for  the  "  box-target," 
not  only  had  they  to  be  repaired,  but  also 
lengthened.  Hence  it  could  not  be  expect- 
ed that  they  should  stand  as  well  as  new 
bolts  and  washers,  and  no  one  who  had 
anything  to  do  with  the  construction  of 
this  target  ever  dreamt  that  any  notice 
would  be  taken  of  these  fastenings.  In  fact, 
it  was  distinctly  understood  officially  that 
the  sole  object  of  the  erection  of  this  target 
was  the  trial  of  projectiles.  Let  us,  how- 
ever, inquire  what  was  the  state  of  the  target 
at  the  time  referred  to  by  Major  Palliser  ? 

"When  we  last  examined  the  structure  to 
ascertain  the  amount  of  damage  it  had  sus- 
tained after  three  days'  firing  from  the 
Woolwich  7-inch  rifled  gun,  at  a  range  of 
200  yards,  we  found  it  had  received  22 
rounds  in  a  space  13  ft.  6  in.  X  8  ft.  6  in., 
which  were  the  dimensions  of  the  target 
proper.  We  need  scarcely  tell  our  readers 
that  it  was  knocked  nearly  all  to  pieces,  and 
the  marvel  was  that  any  bolts  should  have 
been  discovered  unbroken.  However,  we 
could  only  find  seven  out  of  twenty  that 
were  broken. 

Major  Palliser  also  attributed  the  partial 
success  of  these  washers  to  the  very  fine 
threads  he  had  introduced  on  some  of  the 
experimental  bolts.  We,  however,  appre- 
hend that  he  referred  to  an  experiment  that 
was  made  with  cork  washers  against  his 
system,  when  it  was  considered  only  fair 
that  the  bolts  should  have  one  uniform 
thread. 

We  shall  presently  have  occasion  to  allude 
to  these  experiments.  At  present,  however, 
we  shall  only  say  that  the  Admiralty  does 
not  recognize  any  other  elastic  cup  washer 
than  those  with  india-rubber,  and  up  to  the 
present    time    there   has    been   no  trial  of 


these  in  competition  with  the  Palliser  bolts, 
nor  has  the  Admiralty  adopted  the  very 
fine  threads. 

When  Major  Palliser  read  his  paper  on 
Armor  Fastenings,  only  two  experimental 
trials  with  the  clastic  cup  washers  had  been 
made  under  the  direction  of  the  Admiralty. 
The  first  took  place  with  the  Bellerophon 
target  in  February,  1864.  One  half  of  the 
bolts  had  common  plate  washers  and  double 
nuts,  and  the  other  half  had  the  elastic 
cup  washers  and  single  nuts,*  and  the  bolts 
were  2|  ft.  and  2|  in.  diameter  respectively, 
with  about  five  threads  to  the  inch.  The  re- 
sult of  one  day's  firing,  which  was  all  this 
target  was  subjected  to,  was  the  breaking  of 
two  bolts  with  the  common  plate  washers. 
None  of  those  with  elastic  cup  washers  were 
injured.  The  comparative  success  of  this 
trial  with  the  bolts  was  attributed  to  the 
strength  of  the  target  not  allowing  the  plates 
to  buckle  so  much,  and  the  bolts  being 
comparatively  of  larger  diameter. 

The  other  experimental  trial  was  a  more 
important  one.  It  took  place  on  the  29th 
August  and  14th  September,  1866,  with 
one  of  the  Warrior  targets,  being  the  same 
in  all  respects  as  those  previously  fired  at 
when  the  bolts  so  signally  failed  ;  as  many 
as  from  6  to  9  breaking  in  one  round. 
There  were  51  bolts  in  all  driven  in  this 
target,  25  of  which  were  fitted  with  elastic 
cup  washers,  and  the  same  number  with 
Paget' 8  steel  spring  washers,  the  odd  one 
having  a  common  plate  washer  only.  The 
result  after  two  days'  firing  was  as  follows : 
Eighteen  bolts  with  steel  spring  washers 
were  broken ;  the  odd  bolt  having  a  plate 
washer  was  broken  at  the  first  round.  Not 
one  of  the  bolts  fitted  with  elastic  cup  wash- 
ers were  broken. 

With  these  facts  before  them,  how  could 
the  Admiralty  do  otherwise  than  adopt  their 
present  system  ?  Bolts  with  ordinary  plate 
washers  had  utterly  failed,  and  no  other 
system  of  fastening  had  proved  so  success- 
ful as  the  elastic  cup  washers. 

The  success  of  the  above  trial  was  con- 
sidered all  the  more  conclusive  on  account 
of  the  bolts  having  been  driven  into  and 
out  of  another  Warrior  target,  a  fae-simile 
of  the  one  we  have  just  described,  the 
elastic  cup  washers  having  been  under 
heavy  pressure  for  22  months  at  Shoebury- 

*  It  was  the  practice,  before  the  introduction  of  elastic  cup 
washers,  to  use  lock  nuts,  owing  to  some  of  the  single  nuts 
flying  off  at  the  moment  of  impact  by  shot,  but  the  spring  in 
the  cup  washer  obviates  the  necessity  for  double  or  lock  nuts, 
as  it  keeps  the  single  nut  tight  on  the  bolt 
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ness,  exposed  to  all  sorts  of  weather.  This 
circumstance  occurred  through  the  Ord- 
nance Select  Committee  at  that  time  deter- 
mining that  three  other  systems  of  fasten- 
ings should  take  precedence  of  trial,  there 
heing  no  other  target  available.  These  we 
may  mention  were  Palliser's,  Head  and 
Ashby's  wire  bolts,  and  the  common  ones 
-with  Clarkson's  cork  washers  fitted  to  them  ; 
some  of  the  latter  having  iron  cups  similar 
to  those  used  for  india-rubber.  These  three 
sets  of  bolts  had  very  fine  threads,  as  many 
as  16  to  the  inch,  and  so  delicate  were  they, 
that  it  was  with  great  difficulty  the  bolts 
could  be  driven  without  injuring  them. 
The  result  of  this  trial  proved  that  the  Pal- 
liser  bolts  and  those  fitted  with  cork  wash- 
ers were  about  equal  as  regards  efficiency, 
while  Head  and  Ashby's  wire  bolts  signal- 
ly failed.  Clarkson's  cork  washers  were 
found,  however,  not  to  answer  the  same 
purpose  as  india-rubber  ;  there  being  com- 
parately  no  lateral  extension  with  this 
material,  iron  cups  were  therefore  not 
needed.  In  addition  to  this,  the  cork  be- 
came as  hard  as  wood,  by  simply  screwing 
up  the  nuts.  No  doubt  the  very  fine  screw 
threads,  together  with  a  more  ductile  and 
costly  iron,  considerably  improved  the 
bolts. 

We  are  not  in  possession  of  the  details  of 
these  three  experiments,  and  therefore  we 
cannot  say  whether  any  of  these  fine  screw 
threads  stripped  during  the  firing.  "We 
merely  advert  to  the  trial  of  these  bolts  on 
account  of  its  historical  connection  with 
the  one  just  described. 

We  have  hitherto  confined  our  remarks 
on  the  Palliser  bolts  to  their  applicability  to 


ships'  sides ;  but  as  we  wish  to  give  an  un- 
biassed opinion  upon  the  whole  question, 
let  us  consider  lastly  the  advisability  of 
adopting  them  in  turrets  where  water- 
tightness  is  not  so  important.  It  will,  there- 
fore, be  necessary  for  us  to  inquire  what 
thickness  of  wood  backing  will  have  to  be 
provided  for ;  and  here  we  may  at  once  say, 
that  if  the  same  arrangement  as  that  now 
adopted  for  the  Cyclops  class  of  turret  ship 
should  be  proposed  as  the  one  to  carry  out  this 
particular  system  of  fastenings,  it  will  be 
impracticable,  for  we  do  not  suppose  that  the 
country  would  like  rickety  turrets  anymore 
than  they  appear  to  like  rolling  ships. 
But  with  a  backing  similar  to  that  of  the 
Warrior,  of,  say,  18  in.  thick,  it  might  be 
arranged  thus  by  allowing  the  bolts  to  have 
a  length  of  6  in.  for  stretching  in  the  mid- 
dle of  their  shanks,  with  the  same  length  of 
hold  in  the  wood  backing  at  each  end.  The 
form  of  bolt  in  this  case,  however,  would 
have  to  be  modified  in  order  to  reduce  their 
points  for  driving.  A  drift  of  ^  in.  for  a 
3-in.  bolt  is  generally  allowed,  to  insure 
tightness. 

In  the  latest  turret  ships  the  armor  is,  we 
believe,  to  be  arranged  in  two  thicknesses, 
with  a  layer  of  wood  backing  between  them, 
and  a  second  layer  of  wood  between  the  in- 
ner armor  plates  and  the  skin  plating.  In 
wake  of  the  inner  armor  the  shanks  of  the 
through  bolts  are  to  be  reduced  to  give 
spaces  for  stretching ;  but  they  will  main- 
tain their  full  size  through  the  outer  armor, 
and  both  thicknesses  of  backing.  The  uso 
of  elastic  cup  washers  will  be  continued, 
and  thus  the  two  systems  of  fastenings  will, 
to  some  extent,  be  combined. 


AN  ANALYSIS  OF  THE  COST  AND  DESCKIPTION  OF  THE  METHODS 
OF  MINING  EMPLOYED  IN  THE  MAKQUETTE  IKON  BEGION, 
LAKE  SUPEEIOE,  MICHIGAN  * 


By  MAJOR  T.  B.  BROOKS,  C.  E. 


The  product  of  the  Marquette  Mines  has  ' 
nearly  doubled  during  the  last  four  years, 
and  is  now  about  825,000  gross  tons  of  ore, 
which  will  yield   on   the  average  62  \  per 

*This  paper,  written  in  1870,  forms  a  part  of  the  2d  article 
of  the  Chapter  on  Mining  of  the  -writer's  unpublished  Report 
on  the  Geology  of  the  Marquette  Iron  Region.  A  portion  of 
the  1st  article  relating  to  the  geological  structure  of  the  ore 
deposits,  and  a  discussion  of  the  general  mining  problem  pre- 
sented, was  read  before  the  American  Institute  of  Mining  En- 
gineers. That  paper  contained  a  skeleton  of  this.  A  paper 
read  before  the  American  Society  of  Civil  Engineers. 


cent,  of  pig  iron  in  the  furnace ;  hence, 
during  the  last  two  years,  fully  one-fourth 
of  all  the  pig  produced  in  this  country  has 
been  from  Lake  Superior  ores.  About  66 
per  cent,  of  the  shipments  are  specular 
hematites,  yielding  65  per  cent,  of  iron  ;  17 
per  cent,  are  magnetic  ores,  yielding  65  per 
cent,  of  iron;  13  per  cent,  are  soft  hema- 
tites, yielding  50  to  55  per  cent,  of  iron,  and 
4  per  cent,  second  class  specular  ores,  yield- 
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ing,  say  57  per  cent,  of  iron.  One  hundred 
and  twenty-five  furnace  stacks  use  Lake 
Superior  ores  wholly  or  in  part ;  of  these, 
89  employ  coke  or  bituminous  coal  as  fuel, 
10  anthracite  coal,  and  26  charcoal.  The 
charcoal  furnaces  are  all  small,  seldom  pro- 
ducing- over  5,000  tons  per  annum..  Eighty 
of  the  bituminous  and  coke  stacks  are  in 
Ohio  and  Pennsylvania ;  all  the  anthracite 
stacks  are  in  Pennsylvania  and  New  York, 
and  over  one-half  of  the  charcoal  furnaces 
are  located  in  Michigan.  The  iron  produced 
is  soft  and  strong,  answering  equally  well 
for  mill  or  foundry  use.  It  inclines  to  red- 
shortness,  without  being  decidedly  red- 
short.  It  is  too  soft  for  rail-heads,  but  is 
unequalled  for  the  base  of  the  rail  and  for 
merchant  bar,  and  is  now  being  successfully 
used  for  Bessemer  steel. 

The  geological  structure  of  the  iron-bear- 
ing rocks  is  such  as  to  render  quarrying  in 
open  cuts  the  favorite  method  of  extracting 
the  ore.  The  ore  formation  is  made  up  of 
pure  ore  associated  with  lentiform  masses 
of  a  soft  green  schist  and  of  jaspery  or  mix- 
ed ore.  The  overlying  rock  is  quartzite, 
having  a  specific  gravity  of  2.67,  and  the 
foot  wall  rock  a  diorite  or  greenstone,  hav- 
ing a  specific  gravity  of  2.91.  The  mer- 
chantable specular  and  magnetic  ore  has  a 
specific  gravity  of  from  4.59  to  5.00,  aver- 
aging 4.85,  weighing  therefore  about  300 
lbs.  to  the  cubic  foot,  or  3|-  gross  tons  per 
cubic  yard.  Seven  and  a  half  ft.  of  solid 
ore  and  about  15  ft.  of  loose  ore,  as  it  is 
sent  to  market,  weigh  one  gross  ton.  The 
specific  gravity  of  the  "  mixed  ores"  varied 
widely,  depending  on  the  amount  of  jasper, 
the  average  being  about  3.75.  The  soft 
green  schist  associated  Avith  the  ore  has  a 
specific  gravity  of  2.82. 

The  unit  of  measure  and  comparison  in 
the  following  table  is  the  gross  ton  of  mer- 
chantable ore.  The  ore  is  the  object  of  the 
miner's  efforts,  and  the  tons  sold  measure 
his  business.  The  items  of  cost  in  all  that 
follows  express  the  expenditure  per  ton  of 
ore  mined,  prepared  for  market,  and  loaded 
on  the  cars.  In  instituting  a  comparison 
between  these  figures  and  those  obtained 
by  the  civil  engineer,  where  the  cubic  yard 
of  vacant  space  is  the  ordinary  unit  of  work 
accomplished,  it  must  be  borne  in  mind  that 
the  labor  incident  to  sledging  up  and  sorting 
out  the  ore  from  the  rock  considerably  en- 
hances the  cost  of  mining. 

The  wages  of  the  men  employed  in  and 
about  the  mines,  in   1869  and  1870,  were 


about  as  follows  :  Common  labor  was  nom- 
inally $1.80  per  day  for  most  of  the  time, 
but  by  far  the  largest  part  of  the  mining 
work  was  done  under  contracts.  Contrac- 
tors made,  clear  of  cost,  from  660  to  877  per 
month  as  high  and  low  averages  ;  870  is 
probably  near  the  mean  of  the  whole.  It  is 
not  uncommon  for  a  "pair,"  two  or  more 
men,  to  make  $100  per  month  each,  and 
again  the  earnings  will  fall  so  low  as  barely 
to  pay  board  ;  but  such  are  extreme  cases. 
Leaving  out  the  staff  of  the  mifie  and  the 
contractors,  the  average  wages  of  all  others, 
mechanics,  engineers,  firemen,  drivers,  but 
mostly  common  laborers,  averaged  for  the 
period  in  question  about  $2.12  per  man  per 
day.  Mechanics  received  from  02.50  to  84.00. 
The  nationality  at  three  mines,  which  em- 
ployed an  aggregate  of  over  600  men,  was 
as  follows,  expressed  in  percentages  : 

Irish 31 

English  (Cornishmen)   '27 

Swedes ..    .  18 

Canadians  (French) .> 

Americans 5 

Germans -t 

Norwegians,  Danes,  and  Scotch     ....  10 

100 

The  relative  proportion  of  the  Irish  ele- 
ment is  decreasing  ;  a  few  years  since  nearly 
all  the  men  employed  at  some  mines  being- 
of  this  nationality.  The  percentage  of  Corn- 
ishmen is  increasing,  owing  largely  to  a 
want  of  work  in  the  copper  region.  These 
men  are  skilled  miners  and  do  a  large  part 
of  the  sinking  and  drifting.  Swedes  are 
rapidly  gaining  in  numbers,  many  of  them 
having  been  miners  in  their  own  country. 

The  $2.64  given  in  the  following  table  as 
the  approximate  total  cost  of  the  hard  ores, 
delivered  on  the  cars  at  the  mine,  was  ob- 
tained by  dividing  the  total  expenditure  at 
the  mine  for  a  year,  by  the  total  number  of 
tons  of  ore  produced.  It  does  not  include 
interest  or  capital,  nor  royalty,  or  deprecia- 
tion of  the  mine. 

In  the  detailed  description  of  methods, 
which  follow,  the  items  will  be  taken  up  hi 
the  order  of  the  table,  omitting  such  as  are 
unimportant,  or  do  not  possess  the  kind  of 
interest  that  warrant  their  introduction  here. 
The  whole  subject  will  be  considered  more 
fully  in  my  report  on  the  Lake  Superior 
Iron  Region. 

1.  Dead  Work. — This  general  head  em- 
braces all  the  work  and  cost  incident  to 
getting  ready  to  mine  the  ore,  and  is  sub- 
divided into — 1.    Explorations    (embracing 
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only  such  searches  for  ore  as  are  in  pro- 
gress from  year  to  year  about  the  mine). 
2.  Sinking  Shafts.  3.  Drifts  and  Tunnels. 
4.  Roads  for  Wagons.  5.  Stripping  Earth 
and  Hook,  or  uncovering  the  ore.  6. 
Miscellaneous  Work   and    Minor  Improve- 


ments. Only  the  2d,  3d,  and  5th  items  will 
be  considered,  the  character  of  the  others 
being  sufficiently  indicated  in  the  table. 
The  entire  expenditure  for  dead  work  is  74 
cents  per  ton  of  ore  produced,  which  equals 
28  per  cent,  of  the  whole  cost. 


Table  showing  the  Approximate  Cost  of  Mining  the  Specular  and  Magnetic  Ores  of  Lake  Superior  (to  accompany 

Major  T.  Brooks'  paper  on  the  subject. 


General  heads  under 
which  cost  of  min- 
ing is  classified. 


Elements  of  cost,  not  includ- 
ing royalty  or  deprecia- 
tion. 


C  1.  Explorations 

I    2.  Sinking  Shafts 

I    3.  Drifts  and  Tunnels. 

I.  Dead  work  (preparation)  -j    4.  Roads 

i    5.  Stripping  earth  and  rock 

I    6.  Miscellaneous  work  and 

(_  minor  improvements*. 


r 


II.  Mining 
proper  (la- 
bor). 


Drilling. 


I 


Other 
work. 


\  1.  Ledge  holes  (in  stope). . 
->    2.  Block    holes     (in    frag- 

(  ments) 

(    3.  Sledging,    sorting,    and 

J  loading 

|    4.  Handling  rock 

(^  5.  Miscellaneous  work. . 


III.  Mining 
materials 
and  imple- 
ments 
("mine 
costs"). 

IV.  Handling 
ore  from 
miners' 
hands  to 
cars,  and 
pumping. 


Explosives 
Tools. 
Repairs. 


f  1.  Powder  and  fuse 

\  2.  Nitro-glvcerine 

j  3.  Steel  (drills) 

1  4.  Tools  other  than  drills. 

J   5.  Blacksmiths' supplies.. 

\  6.  Blacksmiths' labor.  ... 


f  1.  Teaming,  labor  of  drivers 

By  horses,    j    2    F^£  ^blemen 

|^  3.  Carts,  sleds,  harness,  &c, 

<   4.  Loading  ore  from  stock 

men-     {  pile... 

J   5.  Labor,  supplies,  and  re 

\  pairs 


By  steam 


V.  Management  and  gen-    ; 
eral  expenses "}  „ 


Salaries  and  office  ex-) 

penses \- 

Tax  of  all  kinds   ....    ) 


APPROXIMATE  COST  OF  EACH  ITEM. 


In  per  cent,  of 
the  whole 


.006  1 
.015    | 
.061    I 
.006    )■    .281 
.132    I 

.061  J 

.042   1 

.049 


.133 
.095    | 
.079  J 

.036  1 

...f    ■ 

.007 

.016 

.018 

.042 


]■    .398 


.119 


.057 
.042 
.002 

.013 

.042 

.046 


1 


100 


.156 


.046 


100 


Based  on  a  total  cost  of  $2.64 
per  ton. 


.015 
.040 
.160 
.017 
.350 

.160 


J-    .742 


.110  1 


Amounts. 


Labor.        Supplies. 


Eighty 
per  cent. 

.620 


.130 

.350 
.250 
.210 

.095 

..-t 
.018 
.043 

.047 
.110 


.150 
.110 
.006 

.035 

.112 

.122 


<>1.050 


[    .313 


j-    .413 


.122 


2.64 


$2  64 


1.050 


.103 


Twenty 
per  cent. 

.122 


.272 


.062 


.210 


.141 


.060 


$2  107 


$0,533 


2.  Sinking  Shafts. — This  work,  which 
forms  so  large  an  item  of  cost  in  some  un- 
derground mines,  varies  in  the  Marquette 
Region,  so  far  as  I  have  ascertained,  from 
1 1  to  5 1  cents  per  ton  of  ore.  Our  open 
and  comparatively  shallow  workings  do  not 
call  for  many  shafts  or  winzes  ;  the  deepest 
shaft  in  the  Region  is  now  (1870)  not  over 
200  ft.     The  prices    for   this    work    range 

*  Does  not  include  exceptional  permanent  improvements. 
t  No  reliable  figures  obtained. 


from  a  mean  $22.50  to  $31.50  per  ft.  in 
depth,  depending  on  the  hardness  of  the 
ground.  In  some  mines,  extreme  prices 
range  from  $15.00  to  $40.00  ;  or  even  more, 
if  the  shaft  be  very  wet.  Miners  are  often 
permitted  to  select  the  size  most  advantage- 
ous to  themselves,  which  may  be  4  ft.  by  6  ; 
but  8  by  12  ft.  is  more  common.  The 
material  is  generally  hoisted  with  the  ordi- 
nary hand  windlass,  but  sometimes  with  a 
horse-whip  or   whim.     The    miner   has   to 
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deliver  the  stuff  at  the  mouth  of  the  shaft,. 
From  10  to  15  per  cent,  of  the  price  received 
by  the  miner  for  sinking,  has  to  be  expend- 
ed in  costs ;  i.  e.,  powder,  fuse,  candles, 
steel,  tools,  etc.  No  charge  is  made  against 
him  for  smith's  work.  Sometimes  the  con- 
tract is  let  at  so  much  per  foot  of  shaft  and  so 
much  per  ton  of  ore,  which  gives  the  miner 
an  interest  in  separating  ore  from  rock. 

3.  Drifts  and  Tunnels. — This  element 
of  cost  varied  more  widely  than  any  other, 
and  might  have  been  divided  into  two  :  (1) 
Drifts  designed  to  open  ground  for  sloping, 
and  (2)  Tunnels  or  adits  for  drainage  and 
transportation  of  ore,  the  latter  being  of 
the  nature  of  a  permanent  improvement. 
But  on  the  principle  that  permanent  im- 
provement accounts  are  often  permanent 
disappointment  accounts  and  to  be  avoided, 
and  considering  the  fact  that  this  work  is 
actually  going  on  year  by  year,  and  must  do 
so  as  long  as  the  mine  is  worked,  it  does  not 
seem  wise  to  separate  it  from  the  actual 
cost  of  getting  ore.  Ordinary  4X~  drifts 
cost,  in  hard  ore,  from  an  average  of  $22.50 
to  $24.50  per  ft.,  the  miners  delivering  the 
material  behind  them  and  paying  their 
own  costs  as  in  the  case  of  shafts. 

Tunnels  large  enough  to  admit  railroad 
cars  and  small  locomotives,  cost  from  $30.00 
to  $50.00  per  ft.  The  Washington  Tunnel, 
now  over  1,100  ft.  long  and  timbered  con- 
siderable part  of  the  way,  cost  an  average  of 
about  $40,000,  not  including  rails.  The 
timbered  portion  is  12  ft.  wide  at  the  bot- 
tom, 10  ft.  at  the  top,  and  10  ft.  high  in 
the  clear.  No  machinery  has  yet  been 
brought  to  bear  on  either  sinking  shafts  or 
drifting ;  the  labor  is  more  than  one-half  ex- 
pended in  drilling  holes  for  blasting.  The 
subject  of  drilling  is  fully  considered  under 
its  proper  head. 

5.  Stripping  earth  and  rock,  or  uncover- 
ing the  ore. — This  constitutes  on  the  aver- 
age nearly  one-half  of  the  dead- work,  and 
is  one  of  the  largest  single  items  in  the 
whole  cost'  of  mining.  So  far  as  my  in- 
quiries extended,  I  found  it  to  vary  from  20 
to  52  cents  per  ton  of  ore.  This  cost  is  ne- 
cessarily increasing  at  all  of  the  mines 
worked  as  open  cuts.  It  is  simple  rock 
and  earthwork,  the  material  being  removed 
on  wagons,  carts,  or  sleds,  drawn  by  horses. 
The  advantages  of  light  railroads  and  small 
locomotives  do  not  seem  to  have  commended 
themselves  for  this  work.  There  would  of 
course  be  considerable  danger  of  destroying 
tracks  from  blasting,  and  it  often  happens 
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that  not  much  work  has  to  be  done  in  one 
place  ;  still  there  is  no  doubt  but  that  a 
large  saving  would  be  effected  by  substi- 
tuting steam  for  horses  in  this  work,  as  will 
be  more  fully  considered  hereafter. 

The  aggregate  amount  of  material  which 
has  been  handled  in  stripping  is  very  great; 
30,  and  even  40  ft.  of  earth  have  been  re- 
moved, and  nearly  as  great  a  depth  of  rock; 
but  this  is  the  experience  in  open  workings 
everywhere.  I  have  seen  21  ft.  of  earth 
and  soft,  shaly  rock  stripped  from  a  nearly 
horizontal  bed  of  44  per  cent.  Clinton  ore 
in  Western  New  York,  which  did  not  aver- 
age over  30  in.  thick.  In  South  Eastern 
Kentucky  I  found  the  rule  among  the 
miners  of  sub-carboniferous  ores  to  be,  that 
it  would  pay  to  remove  a  foot  of  earth  for 
the  sake  of  an  inch  of  ore,  which  does 
not  differ  widely  from  the  Western  New 
York  practice.  In  both  of  these  instances 
the  stripping  was  nearly  the  entire  cost  of 
mining,  and  labor  was  much  lower  than 
in  the  Marquette  Region.  The  usual  con- 
tract price  for  removing  ordinary  earth 
(sand,  clay,  and  boulders  mixed  together) 
is  50  cents  per  cubic  yard,  the  digging  cost- 
ing about  one-half  and  the  handling  one- 
half.  Hauls  vary  from  100  to  800  ft.  The 
highest  price  paid  for  excavating  any 
considerable  quantity  of  rock  in  open  cuts, 
which  has  come  to  my  notice,  was  $3.00 
per  cubic  yard,  equal  to  $24.00  per  fathom, 
or  about  $1.00  per  ton.  This  was  a  very 
hard  jasper  rock  containing  but  little  ore. 
Large  quantities  of  rock  have  been  excavated 
and  hauled  over  500  ft.  at  the  Lake  Su- 
perior Mine  for  $2.50  per  yard.  The  soft 
greenish  schist,  so  common  at  all  the  mines, 
can  be  moved  for  from  $1.00  to  $1.40  per 
yard  including  hauling.  When  a  good  face 
can  be  obtained  on  the  overlying  quartzite, 
which  is  likely  to  constitute  the  greater 
part  of  the  rock  to  be  moved  in  future,  it 
should  lie  broken  down  and  loaded  on 
wagons  for  $1.50  per  cubic  yard. 

The  amount  of  money  winch  it  will  pay 
to  expend  in  stripping,  of  course,  depends 
chiefly  on  the  quantity  of  ore  uncovered.  If 
we  assume  50  cents  to  be  the  maximum  ex- 
penditure per  ton  of  ore  for  this  work  (this 
amount  has  been  exceeded),  the  problem  of 
what  thickness  of  rock  may  be  stripped  ad- 
mits of  an  easy  theoretical  solution.  One 
cubic  yard  of  solid  ore,  allowing  for  wastage 
on  account  of  associated  rock,  may  be  con- 
sidered to  yield  3  tons  of  merchantable  ore, 
which,    at    the    allowance  above    assumed, 
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would  give  us  $1.50  to  be  expended  per 
square  yard  in  stripping  a  bed  of  ore  only 
one  yard  thick.  Hence  in  this  case  it  would 
pay  to  remove  9  ft.  in  thickness  of  earth 
or  about  3  ft.  in  thickness  of  rock.  But 
suppose  we  have  a  bed  of  ore  24  ft.  in 
vertical  thickness,  which  is  a  more  com- 
mon case,  what  amount  of  rock  or  earth 
would  it  pay  to  remove  under  the  assumed 
limit  of  expenditure  ?  24  ft.  of  ore  gives 
24  tons  per  square  yard  of  surface,  which, 
at  50  cents  per  ton,  gives  $12.00  available 
for  stripping  per  square  yard.  This  sum 
would  remove  24  ft.  thickness  of  solid  rock  ; 
or  a  foot  in  thickness  of  rock  may  be  strip- 
ped for  every  foot  in  thickness  of  ore  un- 
covered, at  a  cost  of  50  cents  per  ton  of  ore. 
The  same  expenditure  will  remove  three 
times  this  thickness  of  earth. 

An  important  and  often  neglected  ques- 
tion connected  with  this  subject  is,  where 
to  deposit  waste,  that  it  may  be  out  of  the 
way  of  future  mining  operations.  Some 
material  has  been  already  handled  twice  in 
the  Marquette  Region,  and  I  know  of  a 
mine  in  Southern  New  York,  where  the 
same  earth  has  been  three  times  handled 
before  it  was  finally  put  out  of  the  way.  In 
a  new  region,  like  Marquette,  where  com- 
paratively little  thorough  exploring  has 
been  done,  it  is  often  difficult  to  decide  where 
waste  piles  will  be  out  of  the  way  for  all 
future  time.  If  a  drill  hole  were  put  down 
for  50  ft.  in  rock  and  no  ore  found,  it  would 
be  safe  to  say  that  if  ore  existed  under  that 
spot,  it  would  have  to  be  mined  under 
ground  ;  hence,  that  so  far  as  future  strip- 
ping was  concerned,  a  waste  pile  placed 
there  would  be  out  of  the  way.  A  very 
common  practice  in  under-ground  work,  in 
some  mining  regions,  is  to  fill  up  the  worked 
out  places  with  waste,  and  this  can  un- 
doubtedly be  done  to  advantage  in  some  in- 
stances in  open  works,  although  it  has  not 
as  yet  been  practised  in  the  Marquette 
Region.  The  trouble  is,  to  find  out  when  a 
pit  is  exhausted — it  is  so  common  to  break 
through  a  thin  layer  of  rock  and  find  a  bed 
of  workable  ore  under  it.  But  there  are 
parts  of  most  mines  where  the  foot  wall  has 
unquestionably  been  reached,  and  if  any 
doubt  exists,  a  few  deep  drill  holes  will 
settle  the  point.  When  this  is  the  case, 
and  the  foot  wall  has  a  sufficiently  gentle 
slope  to  permit  of  its  holding  materials 
deposited  on  it,  it  will,  I  think,  be  often 
found  advantageous  to  use  it  to  support  a 
waste  pile. 


For  the  sake  of  illustration,  take  the  New 
York  and  Cleveland  Mine  workings,  which 
are  adjacent.  In  this  instance  the  slope  of 
the  foot  wall  is  so  steep  that  it  would  prob- 
ably require  a  rude  step  to  be  cut  on  which 
to  rest  a  rough  retaining  wall,  built  of 
blocks  of  quartzite  swung  across  from  the 
hanging  wall  by  means  of  a  derrick.  The 
triangular  space  thus  formed  would  hold 
all  the  waste  rock  for  a  long  time  to  come, 
and  would  afford  a  minimum  haul.  It 
might  not  answer  to  deposit  earth  in  such 
positions,  as  heavy  rains  would  be  likely  to 
wash  it  into  the  pits.  The  dip  of  the  foot 
wall  in  this,  as  well  as  in  most  cases,  will  I 
think  become  flatter  in  depth,  so  that  a 
better  opportunity  will  be  afforded  for  a 
second  similar  waste  receptacle  at  greater 
depth,  if  one  should  be  required.  This 
plan  would  also  have  the  advantage,  when 
under-ground  work  is  begun,  as  it  soon 
will  be,  of  affording  a  good  support  to  the 
roof  of  the  mine. 

II.  Mintstg  Pbopee,  oe  Beeaking  Oee. — 
This  general  head  embraces  all  the  labor 
incident  to  blasting  the  materials  down  from 
the  solid  ledge  and  breaking  it  up  into  frag- 
ments that  may  be  easily  handled,  and  the 
separation  of  the  ore  from  the  rock  by  hand. 
The  average  cost  under  this  head  is  $1.05 
per  ton  of  ore  produced,  which  equals  forty 
per  cent,  of  the  whole.  The  character  of 
this  work  will  be  sufficiently  well  understood 
from  the  table  and  the  following  explana- 
tion : 

1.  Ledge  or  Stope  Holes. — The  drilling 
or  rock-boring  is  now  entirely  done  by  hand. 
The  steel  used  for  drills  is  1\  in.  octagon  with 
a  bit  lg  in.,  making  a  hole  nearly  2  in.  in 
diameter.  Drills  vary  in  length  up  to  24  ft. 
English  steel  is  used  at  some  mines,  but  a  ma- 
jority use  American  steel,  and  the  most  expe- 
rienced men  who  have  used  both  inform  me 
that  the  drill  steel  made  by  Hussey  &  Wells 
and  Parke  Bros.,  Pittsburgh,  is  about  as 
good  as  the  best  imported  steel,  and  much 
better  than  the  average.  The  drill  is  turned 
by  one  man  sitting  and  struck  by  two  stand- 
ing, with  8  lb.  hammers,  at  the  rate  of  thirty- 
six  blows  per  minute  each.  In  this  way 
from  9  to  11  ft.  of  hole  are  sunk  per  day,  the 
men  working  usually  on  contract.  The  price 
of  stope  holes  ranges  from  60  to  80  cents 
per  foot  in  depth,  the  mean  being  not  far 
from  75  cents ;  no  mine  costs  have  to  be 
paid  out  of  this  price.  When  there  is  a 
large  proportion  of  block  holes,  which  ad- 
mit of  the  use  of  smaller  steel,  the  whole 
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drilling  of  a  pit  is  often  let  at  from  60  to  65 
cents.  Very  deep  holes,  say  from  15  to  22 
ft.,  are  sometimes  sunk  with  2-in.  bits,  which 
about  doubles  the  cost.  In  these  cases,  two 
men  sometimes  turn  the  drill  and  three 
strike. 

The  cost  of  drilling  ledge  holes  per  ton 
of  ore,  varies  from  a  mere  trifle  in  the  case 
where  one  22  ft.  hole  throws  down  4,000 
tons,  as  has  been  done  to  a  very  large 
item  on  low  stopes  with  perhaps  tight, 
hard  ground.  From  three  (3)  cents  to 
25  cents  per  ton  may  be  regarded  as  ex- 
treme averages,  although  35  and  even  48 
cents  have  been  reached,  for  short  periods, 
under  very  unfavorable  circumstances.  The 
price  given  in  the  table  (11  cents)  approxi- 
mates to  the  average  for  hard  ores ;  this 
number,  divided  into  75  cents,  the  average 
cost  of  drilling  per  foot,  gives  say  7,  which 
should  represent  the  number  of  tons  of  ore 
broken  per  foot  of  hole  drilled.  The  data 
obtained  directly  under  this  head  confirms 
this  amount,  which  is  equivalent  to  about 
two  cubic  yards  per  foot  of  stope  hole. 

The  depth  of  stope  holes  varies  from  2  to 
22  ft.,  the  short  ones  being  employed  in 
"  taking  up  bottom,"  that  is,  in  squaring 
the  stope  so  as  to  give  the  best  chance  for 
the  deep  holes.  The  average  of  1,500  stope 
holes  of  all  kinds  in  one  part  of  the  Wash- 
ington Mine  was  4  ft.  9  in.,  but  the  stopes 
which  furnished  this  result  were  below  ave- 
rage height.  It  is  believed  that  9  or  10  ft. 
would  be  nearer  the  average  for  deep  holes, 
and  say  3^  feet  for  the  short  ones. 

2.  JBlock  Holes. — The  masses  of  rock  and 
ore  loosened  by  the  heavy  blasts  already 
described,  are  often  so  large  that  they  have 
in  turn  to  be  broken  with  explosives,  which 
operation  is  termed  block-holing.  The 
amount  of  this  work  varies  from  almost 
nothing  in  some  pits  and  some  mines,  to 
four-fifths  of  all  the  drilling  required  in 
others,  the  maximum  being  reached  on  high 
stopes  of  hard  tough  ore.  Over  two  hun- 
dred block-holes  have  been  required  to  one 
stope  hole  in  the  Cleveland  Mine,  one  hole 
being  required  to  every  2  to  4  tons  of 
ore.  Block-holes  sometimes  produce  frag- 
ments so  large  as  to  require  block-koling  in 
turn,  before  they  are  made  small  enough  to 
be  mastered  by  the  sledge.  Block-holes 
vary  in  depth  from  8  to  24  in.,  the  mean 
ranging  near  one  foot.  "With  nitro-glyce- 
rine  the  holes  need  not  be  so  deep  as  for 
powder.  One-inch  octagon  steel  is  used  in 
this  work,  making  a  hole  nearly  1-i-  in.  in 


diameter.  The  drilling  is  performed  as  in 
the  case  of  deep  holes,  but  usually  only  one 
man  strikes. 

In  the  same  ground,  the  same  drill  gang 
will  sink  more  than  twice  the  number  of  feet 
of  block  hole  in  a  day  with  small  steel,  than 
of  stope  hole  with  large  steel — ranging  from 
24  to  27  ft.  In  open  mines  of  strictly  hard 
ore  this  work  costs  more  than  stope  holes, 
and  is  set  down  in  the  table  at  13  cents  per 
ton.  This  amount,  added  to  the  11  cents 
given  as  the  cost  of  stope  holes  per  ton, 
equals  24  cents  for  the  total  cost  of  the  labor 
of  drilling  required  under  breaking  ore :  this 
would  equal  about  70  cents  per  cubic  yard, 
which  would  pay  for  1  ft.  of  2  in.  drill  hole. 
But  this  is  by  no  means  the  whole  ;  the  work 
of  sinking  and  drifting,  which  is  set  down  as 
aggregating  20  cents,  is  more  than  half 
drilling;  and  a  part  of  the  cost  of  rock 
stripping  is  also  for  this  work.  I  estimate 
that  40  cents  per  ton  of  ore  is  not  far  from 
the  actual  price  paid  for  this  kind  of  labor 
in  the  hard  ore  mines,  equal  to  15  per  cent, 
of  the  whole  cost.  On  this  estimate,  not 
less  than  $300,000  were  paid  out  for  drilling 
in  1870.  This  work,  from  the  favorable  cir- 
cumstances under  which  much  of  it  is  done 
in  open  excavations,  no  scaffolding  being 
required,  is  by  far  the  most  mechanical 
labor  performed  about  the  mine.  While 
the  absolute  cost  of  this  item  of  drilling  is 
very  large,  and  can  undoubtedly  be  re- 
duced by  the  use  of  the  power-drill,  it  is, 
as  compared  with  some  other  mines  and 
regions,  small.  Our  open  cuts  or  quarries 
afford  far  better  facilities  far  blasting  than 
underground  mines.  In  one  Southern  New 
York  mine  the  drilling  cost,  in  1870,  §1.25 
per  ton  of  ore,  or  40  per  cent,  of  the  whole 
cost  of  mining  ;  in  a  large  magnetic  mine  in 
New  Jersey,  it  cost  from  60  to  80  cents  per 
ton  of  ore.  In  the  Presberg  mines,  Swe- 
den, when  the  ore  cost,  in  1870,  $2.20  cur- 
cency  per  ton,  the  drilling  was  40  cents  per 
ton,  equal  to  23  per  cent,  of  the  whole  cost, 
being  considerably  more  than  ours  abso- 
lutely and  relatively.  When  we  consider 
that  the  average  wages  in  Sweden  is  not 
far  from  50  cents  per  day,  or  say  4fh  of 
what  is  paid  Lake  Superior  miners,  it  would 
seem  as  if  Sweden  would  be  a  good  field 
for  a  power-drill. 

3.  /Sledging,  /Sorting,  and  Loading. — In 
considering  this  item,  it  must  be  borne  in 
mind  that  the  ore  and  rock  have  not  only 
to  be  broken  so  that  they  can  be  removed, 
but  so  fine  as  to  be  easily  separated,  and  so 
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that  the  pieces  can  be  fed  into  a  Blake 
crusher.  This  work  requires  more  muscle 
and  as  much  skill  and  care  as  any  other 
done  at  the  mine.  Twenty -three-pound 
sledges  are  employed,  and  the  difference  in 
results,  between  the  experienced  miner  who 
strikes  the  lump  of  ore  the  right  blow  in 
the  right  place,  with  this  immense  hammer, 
and  the  tyro,  is  very  great.  Contracts  for 
sledging  and  loading,  sometimes  including  a 
little  lock-holing  and  short  tramming,  have 
been  let  at  prices  varying  from  20  to  50 
cents  per  ton.  The  loading  usually  costs 
not  to  exceed  10  or  12  cents,  the  balance  be- 
ing chiefly  sledging.  There  is  a  wide  dif- 
ference in  the  texture  of  ore,  some  kinds  re- 
quiring five  times  as  much  sledging  as 
others.  On  the  whole,  Marquette  ores 
break  with  much  greater  difficulty  than 
those  of  the  Eastern  magnetic  mines.  With 
poorer  ground  worked  and  the  market 
more  in  favor  of  buyers  (which  makes  them 
more  exacting  on  quality),  the  cost  of  this 
element  will  be  increased. 

III.  Mining  Materials  and  Implements, 
embracing  "  Mine  Costs." — This  general 
head  is  subdivided  in  the  table  into  Ex- 
plosives, Tools,  and  Repairs,  which  are  in 
turn  itemized,  as  will  appear  below.  The 
expense  incurred  under  this  head  is  31  h 
cents  per  ton  of  ore  produced,  equal  tu 
about  12  per  cent,  of  the  whole  cost. 

1.  2.  A^Iosives. — Powder  and  fuse  and 
nitro-glycerine.  The  present  (1870)  is  an 
unfortunate  time  to  collect  statistics  regard- 
ing the  cost  of  explosives,  for  the  reason 
that  nitro-glycerine  is  on  trial,  and  most  of 
the  mines  employ  both  it  and  powder  in  the 
same  pits,  making  it  difficult  to  separate 
the  results.  The  place  of  the  new  explosive 
cannot  be  said  to  be  fixed  in  our  mines.  It 
is  more  powerful  than  powder,  bulk  for 
bulk,  or  weight  for  weight ;  can  be  used  in 
wet  as  well  or  better  than  in  dry  ground, 
which  is  very  important  in  some  places  ;  it 
has  so  far  proved  no  more  dangerous  than 
powder,  and  its  fumes  have  not  been  found 
objectionable.  As  has  been  stated,  the 
fragments  resulting  from  its  use  are  usu- 
ally smaller,  hence  require  less  sledging, 
and  it  being  more  powerful  than  powder, 
less  drilling  is  needed.  I  have  not  suffi- 
cient data  to  institute  a  comparison  between 
it  and  powder  for  general  use ;  for  very 
wet  or  very  tight  ground,  and  for  much  of 
the  sinking  and  drifting,  it  answers  better 
than  powder.  Whether  it  is  suited  to 
breakino;  the  creat  masses   from  the  solid 


ledge  remains  to  be  seen.  Certainly  it  can- 
not be  used  to  fill  the  cracks  produced  b}' 
shaking,  when  heavy  sand  blasts  are  re- 
quired ;  and  it  is  doubtful  whether  drill 
holes  large  enough  to  contain  the  requisite 
amount  of  the  blasting  oil  can  be  profitably 
employed.  It  certainly  costs  more  per  ton 
of  ore  mined  than  powder,  but  how  far  this 
greater  cost  is  balanced  by  other  advan- 
tages remains  to  be  seen.  It  is  significant 
that  in  1870,  being  the  next  year  after  its 
introduction,  over  $70,000  were  sold  in  the 
Marquette  Pegion  at  $1.50  per  lb.  The 
Painsville  (Ohio)  Co.  have  erected  (1871)  a 
factory  near  Marquette.  No  other  explo- 
sives than  powder  and  nitro-glycerine  have 
been  used. 

The  figures  given  in  the  table,  and  what 
follows,  refer  exclusively  to  powder,  the 
nitro-glycerine  element  having  been  elimi- 
nated as  far  as  was  possible.  Euse  costs 
about  -L  a  cent  per  ton,  which  leaves  9  cents 
per  ton  for  powder,  which  according  to  the 
data  obtained  varied  from  7  to  10  cents. 
The  price  of  powder  ranged  from  $3.75  to 
SI. 50  per  keg  of  25  lbs.  Therefore  an 
average  of  45  tons  of  ore  should  have  been 
broken  with  one  keg  of  powder,  or  about  h 
lb.  of  powder  to  one  ton  of  ore.  This,  it 
must  be  remembered  does  not  express  the 
actual  work  of  the  powder,  on  account  of 
the  amount  of  .rock  moved  in  addition  to  the 
ore — in  one  instance  23,000  weighed  tons 
of  material  required  320  kegs  of  powder,  or 
72  tons  per  keg.  In  another  instance  31 
kegs  threw  down  3,500  tons  (approximate) 
of  quartzite,  or  113  tons  per  keg.  One  mine 
which  produced  over  100,000  tons  of  ore 
in  1869,  consumed  for  all  purposes  one 
keg  of  powder  to  every  43  tons  of  ore  pro- 
duced. 

The  waste  material  in  this  case  did  not 
amount  to  over  20  per  cent.,  hence  about  52 
tons,  or,  say,  18  cubic  yards  of  material, 
were  moved  per  keg  of  powder.  The  con- 
sumption of  explosives  per  ton  of  ore  must 
increase  as  the  mines  grow  deeper,  either 
by  the  greater  amount  required  to  remove 
the  rock  covering,  or  by  the  less  favorable 
opportunity  afforded  for  blasting,  if  the  ore 
be  won  underground. 

In  one  group  of  New  Jersey  mines,  the 
powder  and  fuse  cost  18  cents  per  ton; 
in  another  mine  in  Southern  New  York  141 
cents  ;  in  Sweden,  at  the  Presberg  mines, 
15  cents.  All  of  which  figures  considerably 
exceed  those  rea'ched  in  Marquette,  which 
is  an  additional  proof  of  the  economy  of 


COST    OF    MINING    IN    THE    MARQUETTE    IRON    REGION. 


389 


working  iron  mines  as  open  quarries  as  long 
as  possible. 

3.  Steel. — The  use  of  steel  drills  lias  al- 
ready been  described,  and  reference  made 
to  the  brands  in  use.  My  data,  which  are 
far  from  complete  under  this  head,  indicate 
that  the  cost  of  steel  per  ton  of  ore  ranges 
from  -|  to  3-^  cents,  averaging  perhaps  1T^T 
cents  ;  the  price  of  steel  being  20  cents  per 
lb.  This  would  give  about  11  tons  of  ore, 
or  about  3  cubic  yards  per  lb.  of  steel  con- 
sumed, which  is  less  than  the  data  obtained 
direct  on  this  point  seemed  to  indicate. 

It  is  the  practice  at  some  mines  to  charge 
the  ore  contractors  2  per  cent,  on  their  con- 
tracts for  wear  of  steel,  which  agrees  nearly 
with  the  above.  At  other  mines  the  steel 
is  weighed  at  the  end  of  each  -month,  and 
the  contractor  charged  with  the  shortage, 
whatever  it  is. 

IV. — Handling  Oee  from  Minees'  Hands 
to  Caes  and  Pumping. — The  pumping  which 
has  heretofore  been  a  small  item  in  the 
Marquette  Region,  eould  not  well  be  sepa- 
rated from  the  hoisting  of  ore,  as  the  same 
machinery  does  both.  This  item  in  the  case 
of  some  New  Jersey  magnetic  mines  costs 
75  cents  per  ton  of  ore ;  at  the  Presberg 
mines,  Sweden,  it  costs  but  7  cents.  The 
entire  cost  under  this  head,  including  hoist- 
ing and  pumping,  is  41  cents  per  ton  of  ore 
produced,  which  equals  15J-  per  cent,  of  the 
whole.  This  work  is  done  in  part  by  horses, 
part  by  men,  and  part  hy  steam. 

1,  2,  3.  The  work  of  horses  in  handling 
ore. — The  team  work  employed  at  the  Mar- 
quette mines,  apart  from  the  stripping, 
amounts,  according  to  my  inquiries,  which 
have  been  quite  full  on  this  point,  to  10  per 
cent,  of  the  whole  cost  of  mining,  or  say  27 
cents  per  ton,  the  drivers'  wages  being  the 
largest  item.  This  cost  is  obtained  by  divid- 
ing the  total  expenditure  for  teaming  by  the 
total  number  of  tons  of  ore  produced.  If  it 
was  figured  only  on  the  ore  actually  handled 
by  horses,  it  would  be  much  greater.  If  to 
this  were  added  the  cost  of  the  team-work 
employed  in  stripping,  the  total  would  not 
be  less  than  30  cents  per  ton  of  ore,  or  say 
§250,000  on  the  product  of  1870,  a  sum 
sufficient  in  itself  to  supply  all  the  mines  in 
the  region  with  all  the  additional  steam 
hoisting  and  pumping  machinery  and  small 
locomotives  required  to  do  the  work  now 
done  by  horses,  and  at  a  very  much  less 
yearly  cost.  We  may  verify  this  almost  in- 
credible estimate  in  another  way.  The  total 
number  of  horses  employed  at  all  the  mines 


in  1870,  including  hired  teams,  averaged 
about  361,  or  30  to  each  mine,  varying 
from  9  to  7-1.  The  best  data  I  could  get  in- 
dicate that  to  run  a  lot  of  horses  for  one  year, 
including  wages  of  drivers,  stable-men, 
smiths'  work,  forage,  repairs  of  vehicles 
and  depreciation,  in  the  years  1809  and 
1870,  cost  an  average  of  $650  per  horse. 
The  wages  of  hired  teams,  including  dri- 
vers, for  the  same  period,  was  S6  per  day. 
At  this  rate,  364  horses  would  have  cost 
nearly  $240,000,  a  sum  sufficiently  near  the 
other  to  confirm  the  general  truth  of  the 
estimate. 

These  figures  surely  justify  the  prediction, 
that  if  there  ever  comes  a  period  when  our 
mines  do  not  pay,  it  may  be  due  largely  to 
horses.  In  this  age  of  steam,  has  a  busi- 
ness any  just  right  to  prosper  which  employs 
horses  to  do  work  that  can  be  done  more 
cheaply  by  machinery  ?  The  average  num- 
ber of  tons  of  ore  handled  per  horse  employ- 
ed in  and  about  the  mines  for  all  work  in 
1870  was  2,350,  ranging  from  1,150  to  5,300 
tons.  In  considering  these  facts  it  must  be 
borne  in  mind  that  the  mines  in  question 
are  not  by  any  means  without  steam  power. 
Twelve  engines,  varying  in  power  from  say 
10  to  50  horse,  were  at  work.  To  prove 
that  this  item  of  cost  is  unusally  large  in 
the  Marquette  Region,  I  will  give  a  few 
facts  regarding  the  employment  of  live 
stock  at  mines,  which  have  come  under  my 
notice  elsewhere.  "While  the  cases  cited  do 
not  present  all  circumstances  like  the  Mar- 
quette mines,  they  are  sufficiently  near  to 
afford  interesting  comparisons. 

The  Cornwall  Ore  Bank  Company,  Penn- 
sylvania, shipped  from  their  one  immense 
deposit,  in  1870,  over  174,000  tons,  employ- 
ing no  horses  in  the  work.  The  ore  was 
all  handled  by  one  locomotive,  the  cars  be- 
ing loaded  by  wheelbarrows.  No  pump- 
ing is  required  in  this  mine,  and  the  facili- 
ties for  reaching  the  ore  with  cars  are  un- 
usually good.  The  ore  is  quite  soft,  so  that 
the  blasting  does  not  endanger  the  tracks. 

The  Iron  Mountain  Mine,  Missouri,  ship- 
ped, in  1870,  more  ore  than  any  one  mine 
in  the  Marquette  Region.  It  employed, 
during  the  winter  68,  and  during  the  sum- 
mer, a  somewhat  less  number  of  horses  and 
mules.  One  animal  moved  about  12  tons 
per  day,  or  3,600  tons  per  year  ;  but  more 
than  three-fourths  of  this  stock  was  employ- 
ed in  getting  "  surface  ore,"  a  feature  which 
does  not  exist  in  Marquette  mining.  The 
bluff  (quarried)  ore  moved  per  horse   em- 
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ployed,  was  more  than  five  times  the  above 
amount.  No  steam  engine  or  locomotive 
was  in  use  at  the  mine. 

At  the  Caledonia  and  Keene  mines,  St. 
Lawrence  County,  New  York,  in  1869,  three 
horses  handled  27,500  tons  of  ore  and 
waste,  the  average  haul  being  over  700  ft. 
all  up  grade,  in  places  steep.  This  gives 
over  9,000  tons  per  head ;  steam  was  not 
employed  for  handling  material  at  either 
mine. 

The  Sterling  mine,  Orange  County,  New 
York,  shipped,  in  1869,  40,000  tons  of  ore, 
which  was  handled  under  circumstances 
quite  similar  to  those  encountered  in  the 
Marquette  Region,  by  two  horses  and  one 
small  stationary  engine,  which  gives  20,000 
tons  per  animal  employed.  TJie  system  of 
tramways  and  sidings  at  this  mine  is  very 
complete. 

Passing  from  American  to  Swedish  mines, 
which  are  far  deeper,  and  in  which  there  is 
a  larger  percentage  of  rock  mixed  with  ore, 
we  find  that  in  the  Presberg  mines,  in  1870, 
the  total  cost  for  handling  ore  and  water- 
drawing,  was  14|  per  cent,  of  the  whole 
cost,  or  33  cents  per  ton  of  ore ;  and  this 
amount  included  the  handling  of  all  the  rock 
and  other  waste  material,  which  in  our  table 
is  embraced  under  Dead-work.  If  we  take 
out  of  dead- work  10  cents  for  handling  the 
waste  material,  and  add  it  to  the  amount 
found  above,  we  have  51  cents  as  total  cost 
of  handling  Lake  Superior  ores,  equal  to 
20  per  cent,  of  the  whole  cost,  or  about 
50  per  cent,  greater  than  in  the  Swedish 
mines,  where  steam  and  water  are  exclu- 
sively used. 

5.  Machinery  for  Pumping  and  Hoist- 
ing.— Notwithstanding  the  great  cost  of  the 
work  of  horses,  a  large  amount  of  machin- 
ery, as  has  already  been  remarked,  is  now 
in  use,  eight  out  of  the  eleven  larger  mines 
having  more  or  less  complete  plants.  (1870.) 

The  introduction  of  machinery  has  so  far 
seemed  to  make  but  little  relative  diminu- 
tion in  the  number  of  horses  employed,  be- 
cause of  the  greater  amount  of  waste  ma- 
terial which  has  to  be  moved  in  the  later 
years.  The  figures  given  in  the  table  op- 
posite this  item,  lly2^  cents,  is  designed  to 
be  an  approximation  to  the  cost  of  running 
the  machinery  of  such  mines  as  have  plants 
distributed  over  the  entire  product  of  those 
mines.  I  estimate  that  less  than  one-half 
of  the  product  of  such  mines  was  handled 
by  machinery  in  1870.  The  actual  cost  of 
the  ore  so  handled,  including  the  pumping, 


varied  from  14  to  21  cents,  the  mean  as 
shown  by  my  data  being  about  18  cents. 
This  cost  is  made  up  of  wages  of  engineers 
and  firemen,  say  15  per  cent. ;  fillers,  land- 
ers and  surface  tramming  60  per  cent.;  fuel, 
repairs  of  machinery  and  supplies,  say  25 
per  cent.  This  covers  cost  from  miners' 
hands  to  cars  or  stock  pile. 

While  this  sum  is  materially  less  than 
the  cost  of  the  same  work  by  horses,  it  is 
much  greater  than  in  the  Copper  Region  of 
Lake  Superior,  where  this  business  is 
brought  to  great  perfection.  Some  of  the 
appliances  employed  in  the  Copper  Pegion 
can  not  be  used  at  iron  mines  on  account  of 
the  greater  irregularity  of  the  deposits. 
But  time  will  introduce  many  economies, 
which  will  reduce  this  cost  below  the  figures 
given.  It  must  be  borne  in  mind  in  com- 
paring the  cost  of  steam  machinery  with 
horses,  that  in  the  case  of  the  engines  all 
the  pumping  is  included,  while  the  horses 
handle  only  the  ore.  Making  this  correc- 
tion, it  is  safe  to  say  that  it  costs  at  least 
four  times  as  much  to  handle  the  same  ore 
by  horses  as  by  machinery. 

The  following  described  machinery  plant 
has  been  recently  erected  at  the  New  York 
mine,  and  will  give  a  good  idea  of  the  kind 
in  use.  It  consists  of  one  steam  engine 
with  cylinder  16x24  in.,  with  bed  cast  solid 
in  one  piece.  Valve  is  of  the  kind  known 
as  the  H- valve,  and  is  wurked  by  link  mo- 
tion ;  steam  pipe  4  in.  in  diameter,  exhaust 
pipe  6  in.  in  diameter ;  engine  supplied 
with  the  Judson  governor.  Pump  for  feed- 
ing boiler  is  worked  from  crosshead.  Main 
shaft  is  5  in.  in  diameter,  of  hammered  iron, 
and  6  ft.  long.  One  boiler  42  in.  shell,  21 
ft.  long,  with  two  14  in.  flues.  Smoke  stack 
is  35  it.  high  and  20  in.  in  diameter.  The 
winding  drums  are  4  ft.  in  diameter,  and  of 
sufficient  capacity  to  contain  525  ft.  of  1^ 
in.  wire  rope.  They  are  worked  by  positive 
clutch  movement,  thrown  in  and  out  of  gear 
by  means  of  hand  wheels  attached  to  lever 
by  pinion  and  gear.  The  brakes  are  known 
as  band  brakes,  which  clamp  the  entire  sur- 
face of  the  drum  5  in.  in  width,  and  are  of 
sufficient  power  to  hold  a  loaded  skip  at 
any  point  in  case  of  accident.  They  are 
worked  by  levers  with  hand  or  foot,  as  may 
be  desired.  The  drums  make  about  131 
revolutions  per  min.,  the  engine  making  80, 
which  gives  the  skip  a  speed  of  a  trifle  less 
than  3  ft.  per  sec.  The  skips  are  of  heavy 
boiler  iron,  each  having  four  12  in.  wheels. 
The  capacity  of  each  is  18  cubic  ft.,  equal 
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to  about  1  \  tons  of  ore.  The  pump  is  8  in. 
in  diameter  by  6  ft.  stroke,  capable  of  dis- 
charging 243  gallons  of  water  per  min.  It 
is  worked  from  a  slotted  crank  arm,  on  end 
of  main  drum  shaft,  which  admits  of  length- 
ening or  shortening  the  stroke  at  pleasure. 
The  pump  is  double  acting  with  single  valve 
on  a  new  place.  It  is  furnished  with  rods, 
travellers,  connections,  balance  bobs,  etc. 
This  machinery  was  furnished  complete  in 
all  its  parts  and  set  up  at  the  mine  in  com- 
plete order  for  pumping  and  hoisting  for 
$6,000,  by  the  Iron  Bay  Foundry,  Mar- 
quette, Mich.,  1870. 

V.    MaXAGEJIEXT  AXD    GrEXERAL    ExPEXSES. 


— This  covers  only  those  expenses  in  the 
mining  region,  and  not  salaries  of  officers 
above  the  superintendent,  nor  the  cost  of 
selling  the  ore. 

1,  2. — Salaries,  Office  Expenses,  and 
Taxes. — This  element  of  cost  constitutes 
less  than  5  per  cent,  of  the  whole  cost  of 
the  ore,  amounting  to  about  12  cents  per 
ton.  I  am  happy  to  note  here  a  much  bet- 
ter showing  than  in  the  Presberg  Mines, 
Sweden,  where  this  item,  in  1870,  cost  16| 
per  cent,  of  the  whole,  or  36  cents  per  ton 
of  ore  ;  nearly  three  times  its  cost  with  us. 
I  presume  the  excess  of  this  item  in  Sweden 
may  be  largely  due  to  heavier  taxes. 


COSTS   OF  NARROW-GAUGE  RAILROADS,   FROM    SURVEYS    AND 

CONSTRUCTION. 


Erora  the  "Chicago  Railway  Review." 


The  estimates  herein  presented  of  the 
cost  of  preparing  the  road-bed  ready  for 
the  iron,  with  a  gauge  of  5  ft.  (the  standard 
gauge  of  the  South)  and  a  gauge  of  3  ft., 
have  been  made  with  great  care  from  the 
final  location  surveys  of  the  First  Division 
of  the  Memphis  &  Knoxville  Railroad,  for 
which  they  were  prepared. 

ROUTE  OF  THE  ROAD. 

This  road,  when  completed,  will  connect 
the  cities  of  Memphis  and  Knoxville,  in 
Tennessee,  by  the  shortest  and  most  practi- 
cable route,  passing  through  Somerville, 
Bolivar,  Columbia,  McMinnville  and  Kings- 
ton. On  leaving  Memphis,  it  is  located  on 
the  table-land  between  Wolf  River  and 
Noncomah  Creek,  on  Wolf  and  Soosa- 
hatchie  Rivers,  and  bisects  the  angle  formed 
by  the  Memphis  &  Louisville  and  Memphis 
&  Charleston  Roads.  The  surface  of  the 
country  is  undulating, — in  places  rolling 
and  broken,  but  with  no  serious  obstacles 
to  the  construction  of  a  first-class  road  at 
the  average  cost  per  mile  of  Southern  roads. 
The  road  has  been  located  as  far  as  Bolivar ; 
and  with  the  view  of  bringing  its  cost  as 
nearly  as  possible  within  the  means  of  the 
people  along  the  line,  the  Directory  has 
adopted  a  gauge  of  3  ft.  It  has  not  been 
found  necessary  to  use  a  steeper  gradient 
than  66  ft.  per  mile, — and  this  only  for 
short  distances.  There  are  no  curves  of 
less  than  1,116  ft.  radius,  and  none  of  this 
radius  on  steeper  grades  than  46  ft.  per 
mile. 


THE    ROAD-BED. 


Clearing  and  Grubbing,  where  there  is 
any,  is  heavy  ;  as  the  timbered  land  is  cov- 
ered with  a  dense  growth  of  white  oak,  pop- 
lar, gum,  and  hickory  of  the  finest  quality. 

The  Grading  will  be  all  earthwork  and 
easy  to  handle,  as  there  is  neither  hard-pan, 
loose  rock,  nor  solid  rock  found  on  this  por- 
tion of  the  line.  The  average  haul  will 
not  exceed  400  ft. 

Bridging. — There  will  be  one  girder- 
bridge,  of  three  50  ft.  spans,  over  Wolf 
River.     The  piers  will  be  piling. 

Piling  and  Trestling  and  Tog  Culverts. 
— In  consequence  of  the  soil  on  parts  of  the 
line  being  very  liable  to  wash  during  heavy 
rains,  piling  will  generally  be  used  in  pref- 
erence to  trestling, — for  which  safe  founda- 
tions would  in  some  places  be  difficult  to 
obtain.  The  unusually  large  quantity  of 
piling  is  not  attributable  to  the  crossing  of 
numerous  watercourses,  or  low  and  swampy 
lands  ;  but  to  the  fact  that  there  is  no  rock 
suitable  for  building  purposes  found  in  any 
of  the  western  counties  of  Tennessee,  and. 
consequently,  it  is  deemed  more  economical 
to  use  piling  where  culverts  are  requisite. 
Sufficient  room  will  be  left  for  putting  in 
masonry  after  the  road  is  in  operation, — in- 
asmuch as  building-stone,  hydraulic  cement 
and  lime  of  excellent  quality  can  be  obtain- 
ed, and  hauled  on  cars  from  the  splendid 
quarries  through  which  the  road  will  pass 
near  its  crossing  of  the  Tennessee  River,  to 
the  site  of  the  structure. 
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Prices. — The  costs  of  materials  and  labor    tive  cost  of  broad-gauge  and  narrow-gauge 
are  such  as  are  now  ruling  in  this  section,  |  railways   in   West   Tennessee,  I   herewith 


and  are  fair  and  reasonable. 

Engineering. — This,  with  right  of  way, 
salaries,  printing,  stationery,  etc.,  will  cost 
as  much  on  the  narrow  as  on  the  broad 


submit  the  estimates  in  detail,  so  as  to  show 
the  comparison  of  each  particular  kind  of 
work,  or  material  used.  The  saving  in  fav- 
or of  the  3  ft.  "narrow-gauge"  is  very  great, 


SUl'EKSTIUJCTTJKE. 


gauge;   at  least  such  is  my  experience  with  t  amounting  to  $227,136.00  for  30  miles  of 
the  surveys.  '  road-bed  and  superstructure.     There   will 

doubtless  be  some  saving  in  the  cost  of  roll- 
ing-stock and  equipments ;  but  as  this  is 
The  average  weight  of  rail  per  yard  on  controlled  more  by  the  amount  of  traffic  the 
Southern  roads  is  about  60  lbs.,  and  of  en-  road  has  to  perform,  than  by  the  gauge,  I 
gines  about  25  tons.  As  it  is  not  intended  j  have  not  estimated  it.  Had  this  line  been 
to  run  engines  of  greater  weight  than  15  i  through  a  mountainous  country,  with  heavy 
tons  over  the  Memphis  &  Xnoxville  Road,  |  rock-excavations,  the  narrow  gauge  would 
I  have  estimated  the  rails  at  30  lbs.  per  j  have  effected  a  much  greater  saving  than 
yard,  which  I  think  will  be  a  fair  compara-  !  that  above  stated,  which  though  for  a  com- 
tive  estimate.  With  the  view  of  contribut-  j  paratively  level  country  amounts  to  41  per 
ing  a  few  facts  with  regard  to  the  compara-  \  cent. 

Estimate  of  Cost  of  the  First  Division,  Extending  from  Memphis  to  Macon,  Length  Thirty  Miles,  Gauge 

Five  Feet. 

COST  OF  ROAD-BED. 

664  Stations,  clearing  and  grubbing  at  .$9  00  per  Station $5,976  00 

461,150  Cubic  yards  earth  excavation  at  30  cents  per  cubic  yard 188,345  00 

150  Lineal" feet  girder  bridge  at  $12  per  Lineal  foot 1,800  00 

5,665  Lineal  feet  piling  and  trestling  at  $7  50  per  Lineal  foot 42,412  50 

41,520  Cubic  feet  timber  in  log  culverts  at  3^  cents  per  cubic  foot   1,453  20 

36,950  Cubic  feet  timber  in  cattle-guards,  roads,  etc.,  at  3  cents  per  cubic  foot 1,108  50 

9,860  Feet  board  measure,  plank  in  ditto,  at  3  cents  per  foot,  board  measure 295  80 

Laying  thirty  miles  of  track  at  $500  per  mile 15, 000  00 

$206,391  00 

79,200  Cross-ties  at  40  cents  each $31,680  00 

Engineering,  right  of  way,  salaries,  office  expenses,  stationery,  in- 
cidentals . . .' ". .' 10,000  00 

$41,680  00 

$248,071  00 

COST   OF  SUPERSTRUCTURE. 

3,168  Tons  of  Rails  (60  lbs.  per  yard)  at  $90.00  per  ton $285,120  00 

12,000  Joint,  fastenings  at  ©1  each 12,000  00 

165,000  Pounds  spikes  at  5  cents  per  pound 8,250  00 

$305,370  00 

Total  for  road-bed  and  superstructure $553,4-41  00 

Cost  per  mile  for  road-bed $8,269  00 

Cost  per  mile  for  superstructure 10,179  00 

Cost  per  mile  for  road-bed  and  superstructure $18,448  00 

Estimate  of  Cost  ofihe  First  Division,  Extending  from  Memphis  to  Macon,  Length  Thirty  Miles,  Gauge 

Three  Feet. 

COST  OF  ROAD-BED. 

589  Stations,  clearing  and  grubbing,  at  $9.00  per  Station $5,301  00 

244,200  Cubic  yards  earth  excavation,  at  30  cents  per  cubic  yard 73,260  00 

150  Lineal" feet  girder  bridge  at  $12  per  Lineal  foot 1,800  00 

5,655  Lineal  feet  piling  and  trestling  at  $6  per  Lineal  foot  33,930  00 

29,580  Cubic  feet  timber  in  log  culverts  at  33  cents  per  cubic  foot 887  40 

23.400  Cubic  feet  timber  in  cattle-guards  and  road  crossings  at  3  cents  per  cubic  foot. .  702  00 

6,620  Feet  board  measure,  plank  in  ditto  at  3  cents  per  foot,  board  measure 198  60 

Laying  thirty  miles  of  track  at  $375  per  mile 11,250  00 

$127,329  00 

79,200  Cross-ties  at  30  cents  each  $23,760 

Engineering,  right  of  way,  salaries,  office  expenses,  stationery  and 

incidentals ". 10,000 

$33,760  00 

$161,089  00 
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COST  OF  SUPERSTRUCTURE. 

1,584  Tons  of  Rails  (30  lbs.  per  yard)  at.  $95  per  ton $150,480  00 

10,500  Joint  fastenings  at  80  cents  each 8,400  00 

105,600  Pounds  spikes  at  6  cents  per  lb 6,336,00 

—  $165,216  00 


Total  for  road-bed  and  superstructure 8326,305  00 

Cost  per  mile  for  road-bed $5,369  63 

Cost  per  mile  for  superstructure 5, 507  20 

Total  cost  per  mile  for  road-bed  and  superstructure £10,876  83 


RECAPITULATION. 


COST  PER  MILE. 


Road-bed. 

Superstruc-        Total 
ture. 

5  ft 

3  ft 

$8,269  00 
5,369  63 

1 
$10,179  00    $18,448  00 
5,507  20  i    10,876  83 

Diff.  of  cost  per 
mile  in  favor  of 
3  ft,  gauge .... 

$2,899  37 

i 
$4,671  80  :  $7,571  17 

By  adopting  the  3  ft.  gauge  the  Company 
will  save  on  the  cost  of  preparing  the  road- 
bed 35  per  cent.;  on  the  cost  of  superstruc- 
ture 46  per  cent.;  on  road-bed  and  super- 
structure 41  per  cent. 

FINANCES   AND    BUSINESS    EESTJLTS. 

A  fair  estimate  of  the  cost  of  building 
and  equipping  the  First  Division  of  the 
Memphis  &  Knoxville  Eailway  on  5  ft. 
gauge  would  be  $25,000  per  mile,  which 
would  give  for 

Thirty  miles $750,000 

The  amount  of  Stock  Subscriptions  which  can 
be  raised  along  the  line  will  not  exceed 
$8,000  per  mile,  which  for  30  miles  is $240,000 

Leaving  to  be  raised  by  bonds,  or  otherwise    $510,000 
To  which  should  be  added,  say  15  per  cent, 
discount  and  commission 76,500 

Making  total  to  be  raised  bv  sale  of  bondd. 


£586,500 


Add  interest  at  8  per  cent,  for  say  20  years. . 

To  be  paid  in  20  years 

A  fair  estimate  for  same  division  in  the  3  ft. 
narrow  gauge  would  be  $13,000  per  mile, 
or 

Stock  subscriptions  as  above 


938,400 


Leaving  to  be  raised  by  bonds,  or  otherwise. . 
To  which  add  15  per  cent,  discount,  commis- 
sions, etc 

Making  the  total  to  be  raised  by  sale  of  bonds 

To  which  add  interest  at  8  per  cent,  for  20 

years 

To  be  paid  in  20  years $448,500 


51,524,900 

390,000 

240,000 

$150,000 

22,500 

$172,500 

276,000 


$1,524,900 
448,500 

$1,076,460 


To  be  paid  by  the  broad  or  5  ft.  gauge... 
To  be  paid  by  the  narrow  or  3  ft.  gauge. 

Saved  by  using  the  narrow  gauge 

In  20  years,  $53,820  per  annum. 

WHAT  THE  EOAD  CAN  DO. 

Suppose  the  gross  earnings  of  the  road 
on  either  gauge  to  amount  to  $5,000  per 
mile,  per  annum,  the  saving  on  first  cost 
would  enable  the  narrow-gauge  road  to 
transact  the  same  amount  of  business  for  5.V 
per  cent,  less  than  it  could  be  transacted  for 
by  the  broad-gauge.  In  other  words,  the 
Memphis  &  Knoxville  Eailway,  built  on  the 
narrow  gauge,  will  be  able  to  pay  the  same 
rate  of  interest  on  its  bonds,  and  the  same 
dividend  on  its  capital  stock,  and  then,  by 
reason  of  its  reduced  cost  of  construction 
alone,  carry  freight  and  passengers  for  5| 
per  cent,  less  than  could  possibly  be  done 
by  the  broad  gauge  over  the  same  route. 

In  addition,  there  will  doubtless  be  a  large 
saving  in  the  expense  of  operating  the  nar- 
row-gauge road,  but  of  this  I  am  not  able 
to  speak  from  experience. 

Respectfully  submitted. 

Thos.  H.  Millington, 

Chief  -Engineer. 


Mr.  Edmund  "Wragge,  Chief  Engineer 
of  the  Toronto,  Grey  &  Bruce  and  Toronto 
&  Nipissing  Narrow-Gauge  (3  ft.  6  in.)  of 
Canada,  has  made  a  report  to  the  Chairman 
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of  the  National  Central  Narrow- Gauge 
Committee,  Hon.  C.  H.  Howland,  of  St. 
Louis,  as  follows  : 

TORONTO,    GREY    &    BRUCE. 

Cash -cost,  Weilon  Junction  to  Orangeville,  41  mVes. 


Grading,  fencing,  ties,  bridges  and 
culverts  

Rails  and  fastenings    

Track-laying  and  ballasting 

Station  buildings 

Right  of  way 

Telegraph 

Engineering 

Commissions,  officer,  Directors' 
fees,  etc 

Law  expenses 

Sundries 


Rolling  stock. 


Total  cost $646,762 


Total. 


$196,595 
181,015 
67,770 
24,407 
24,600 
1,640 
23,370 

15,469 
3,936 
2,000 


Per 

mile. 


540,802 
105,960 


$4,795 

4,415 

1,653 

595 

600 

40 

570 

377 
96 
49 


$13,190 
2,560 


$15,750 


The  Toronto,  Grey  &  Bruce  Railway  has 
cost  in  cash,  as  per  detailed  estimate  annex- 
ed, $13,190  per  mile,  exclusive  of  rolling- 
stock;  and  including  rolling-stock  $15,750 
per  mile  between  Weston  Junction  and 
Orangeville  (the  portion  of  the  road  which 
is  entirely  completed).  The  earthwork 
averages  10,500  cubic  yards  per  mile.  The 
line  is  fenced  throughout,  at  a  cost  of  $800 
per  mile.  The  grubbing  amounts  to  an  av- 
erage of  one-half  an  acre  per  mile ;  the 
clearing  to  three  acres  per  mile  ;  slashing 
■on  each  side  of  the  railwav  to  the  extent  of 


four  acres  per  mile  has  also  been  done,  the 
grubbing,  clearing  and  slashing  having  to- 
gether cost  $140  per  mile.  The  ties  have 
cost  on  this  section  an  average  of  25  cents 
each,  or  $500  per  mile. 

TORONTO    &    NIPISSING. 
Cash  cost,  Scarboro'  Junction  to  Uxbridge,  32  miles. 


Grading,  fencing,  ties,  bridges  and 
culverts 

Rails  and  fastenings 

Track -laying:  and  ballasting  .   .... 

Station  buildings 

Right  of  way 

Telegraph  

Engineering 

Commissions,  officer  and  Direc- 
tors' fees 

Law  expenses 

Sundries 

Rolling  stock 

Total  cost 


Total. 


$151,307 
139,041 
46,696 
15,012 
22,092 
1,500 
14,110 

10,292 
936 
615 


$401,601 
101,588 


$503,289 


Per 

mile. 


$4,725 

4,345 

1,460 

470 

690 

47 

441 

321 
30 
20 


$12,549 
3,175 


$15,724 


The  Toronto  &  Nipissing  Railway,  from 
Scarboro'  Junction  to  Uxbridge,  has  cost  in 
cash  the  sum  of  $12,549  per  mile,  exclusive 
of  rolling-stock,  or  including  rolling-stock, 
$15,724  per  mile.  The  earthwork  has  aver- 
aged 9,750  cubic  yards  per  mile.  The  line 
is  fenced  throughout  at  a  cost  of  $700  per 
mile.  The  ties  have  cost  $480  per  mile  on 
this  section,  and  the  grubbing,  clearing  and 
slashing,  $140  per  mile. 

Edmund  Wragge, 

Chief  JEngineer. 


THE   OENTEE   EAIL   SYSTEM. 


From  "  Engineering 


The  centre  rail  system,  first  proposed  and 
patented  by  Mr.  Vignoles,  practically  test- 
ed some  two  and  twenty  years  ago  by 
Mr.  George  E.  Sellers,  on  the  Panama  Rail- 
way, and  more  recently  so  strongly  advo- 
cated by  Mr.  Fell,  is  about  to  have  another 
trial  under  auspices  far  more  favorable 
than  those  which  attended  its  employment 
on  the  late  Mont  Cenis  Railway.  This 
time  the  trial  is  to  be  made  in  Brazil,  on 
the  Cantagallo  Railway,  a  line  which  bids 
fair  to  occupy  an  important  place  among 
the  engineering  works  which  have  done,  and 
are  doing,  so  much  to  develop  the  resources 


of  the  Brazilian  empire.  At  the  present 
time  the  important  coffee-producing  district 
of  Cantagallo,  situated  at  a  high  level,  and 
separated  from  the  lowlands  by  the  Organ 
mountains,  has  to  transport  its  produce  by 
mules  across  the  mountain  roads  to  Caxo- 
eira,  from  which  place  a  railway  of  5  ft.  3 
in.  gauge  has  for  some  thirteen  years  past 
extended  to  Rio  Janeiro.  This  transpor- 
tation by  mules,  however,  being  costly  and 
uncertain,  naturally  led  to  a  desire  to  ex- 
tend the  railway  communication  across  the 
Organ  range  into  the  heart  of  the  Canta- 
gallo district,  and  ultimately  Dr.  Bernardo 
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Clemente  Pinto,  an  enterprising  contractor, 
obtained  from  the  Brazilian  Government  a 
concession  for  the  construction  of  a  line 
from  Caxoeira,  across  the  mountain  passes 
to  Nova  Friburgo,  this  railway  to  be  ulti- 
mately extended  60  miles  further  to  the 
city  of  Cantagallo.  This  line,  now  being 
constructed  by  Dr.  Pinto,  has  a  gauge 
identical  with  that  of  the  Mont  Cenis  Pail- 
way,  namely,  1.1  metres  or  3  ft.  7T5g-  in., 
and  that  part  of  it  which  traverses  the  coast 
side  of  the  mountains,  will  be  laid  with  the 
centre  rail.  In  a  length  of  7f  miles,  this 
mountain  portion  of  the  line  rises  about 
3,000  ft.,  the  gradient  varying  from  1  in  20 
to  1  in  12  and  being  for  the  greater  part 
of  the  length  1  in  13,  while  the  curves 
are  of  40  metres,  or  about  140  .ft.  radius. 
In  descending  from  the  summit  level  on 
the  Cantagallo  side,  the  mid-rail  is  dispens- 
ed with,  the  gradients  over  the  12  miles 
extending  to  Nova  Priburgo  being  easy. 

The  permanent  way  of  the  mountain 
portion  of  the  Cantagallo  line  is  identical 
in  construction  with  that  of  the  Mont  Cenis 
Pailway  as  designed  by  Mr.  Brunlees. 
The  rails  weigh  65  lbs.  per  yard,  the  central 
rail  being  raised  9  in.  above  the  ordinary 
carrying  rails,  and  being  bolted  to  wrought 
iron  chairs,  which  are  in  their  turn  secured 
to  a  longitudinal  sleeper  fixed  to  the  or- 
dinary transverse  sleepers.  As  in  the  case 
of  the  Mont  Cenis  Pailway  also,  the  mid- 
rail  will,  on  the  Cantagallo  line,  only  be 
laid  on  the  steep  inclines,  the  ends  of  each 
length  being  tapered  so  that  the  gripping 
wheels  may  pass  on  and  off  easily. 

Por  working  the  portion  of  the  line  thus 
laid  with  the  mid-rail  three  locomotives  have 
been  ordered  from  Messrs.  Manning, 
Wardle  &  Co.,  Leeds,  and  the  trial  of  one  of 
these  engines  took  place  on  June  21st  and 
22d  last.  It  was  made  on  a  temporary  line 
about  half  a  mile  in  length,  laid  for  the  pur- 
pose on  the  abandoned  wire-rope  incline 
which  formerly  formed  part  of  the  Picker- 
ing and  Malton  branch  of  the  North-Eastern 
Pailway.  The  old  incline  was  1  in  14,  but 
by  the  construction  of  a  slight  embankment 
at  the  upper  end  the  gradient  of  the  experi- 
mental line  has  been  increased  at  that  part 
to  1  in  11,  while  a  very  sharp  S  curve  has 
been  introduced.  It  was  intended  that  the 
radius  of  these  curves  should  be  the  same 
as  that  of  the  curves  on  the  Cantagallo  line, 
namely,  40  metres,  but  by  some  mistake 
they  were  made  much  sharper,  and  the  ac- 
tual radius  is,    we   believe,    but   about   26 


metres,  or,  say,  about  85  ft.  The  fine — 
which  has  been  put  down  by  Mr.  Baines, 
the  district  superintendent  of  permanent 
way,  under  the  directions  of  Mr.  Charles 
Cabry,  the  Company's  resident  engineer — is 
exceedingly  well  laid,  and  was  in  thorough 
good  order  when  the  experiments  were  car- 
ried out. 

The  engine  is  carried  on  two  pairs  of 
coupled  wheels  2  ft.  4  in.  in  diameter,  these 
wheels  being  driven  by  a  pair  of  outside 
cylinders  13  in.  in  diameter  with  a  stroke 
of  14  in.,  while  a  second  pair  of  cylinders, 
14  in.  in  diameter  and  12  in.  stroke,  drive 
the  two  pairs  of  horizontal  gripping  wheels 
1  ft.  10  in.  in  diameter.  The  wheel  base  of 
the  engine  is  7  ft.,  while  the  two  pairs  of 
horizontal  gripping  wheels  are  placed  as 
close  together  as  possible,  and  are  situated 
midway  between  the  axles  of  the  vertical 
wheels.  The  pair  of  cylinders  by  which 
the  horizontal  wheels  are  driven  are  arrang- 
ed on  the  centre  line  of  the  engine  one  above 
the  other,  the  piston  rod  of  each  cylinder 
being  attached  to  a  long  transverse  crosshead 
suitably  guided,  from  the  ends  of  which 
connecting-rods  lead  off  to  cranks  on  the 
axes  of  the  leading  horizontal  wheels.  The 
axis  of  each  horizontal  wheel  has  two  cranks 
at  right  angles  to  each  other,  the  two  axes 
on  each  side  of  the  centre  rails  being  con- 
nected by  coupling  rods,  while  the  leading 
axis  of  each  pair  so  coupled  is  driven  by 
the  connecting-rods  already  mentioned. 

The  axes  of  the  horizontal  wheels  are 
mounted  in  bearings  carried  by  cast-steel 
cradles  so  arranged  that  by  means  of  a  right 
and  left-handed  screw  the  gripping  wheels 
can  be  made  to  exert  a  pressure  of  any 
desired  amount  up  to  40  tons  on  the  mid- 
rail.  The  engines  for  driving  the  horizontal 
and  vertical  wheels  are  perfectly  indepen- 
dent of  each  other,  there  being  two  regula- 
tors and  two  sets  of  reversing  gear,  while 
there  are  also  independent  ordinary  and  mid- 
rail  brakes.  The  engine  has  772  sq.  ft.  of 
total  heating  surface,  and  is  provided  with  a 
pair  of  wing  tanks  carrying  520  gallons  of 
water,  while  the  weight  is  25  tons  empty, 
or  about  30  or  31  tons  in  working  order. 

The  diameter  of  the  vertical  wheels  being 
28  in.,  while  the  cylinders  driving  them 
are  13  in.  in  diameter,  with  14  in.  stroke, 
it  follows  that  these  cylinders  are  capable 
of  exerting  a  tractive  force  of  84.5  lbs.  for 
each  pound  of  effective  pressure  per  sq.  in. 
on  the  pistons.  On  the  other  hand,  the  inside 
cylinders  being  14  in.  in  diameter  by  12  in. 
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stroke,  and  driving  22  in.  gripping  wheels, 
each,  pound  of  effective  pressure  per  sq.  in.  on 
their  pistons  is  equivalent  to  a  tractive 
force  of  106.9  lbs.  This  tractive  force  is 
greater  than  that  capable  of  being  exerted 
by  the  outside  cylinders  in  the  proportion 
of  5  to  4  very  nearly,  and  it  is  possible 
that  this  proportion  may  have  been  decided 
upon  in  view  of  the  fact  that  the  pressure 
which  it  is  possible  to  exert  upon  the 
horizontal  wheels  is  greater  than  that  exert- 
ed by  the  vertical  wheels  on  the  rails. 
However  this  may  be,  the  engine  appears 
to  us  to  be  deficient  in  cylinder  power,  and 
it  is  certain  that,  as  matters  stand,  the  out- 
side cylinders  are  not  capable  of  using  up 
the  adhesion  of  the  vertical  wheels  unless 
the  engine  be  worked  at  a  much  higher 
pressure  of  steam  than  is  at  present  intend- 
ed. With  a  clean  rail,  the  adhesion  may 
certainly  be  reckoned  at  6  tons  at  least-while 
in  many  cases  it  would  be  much  more — and 
to  utilize  this  adhesion  would  require  a 
mean  effective  pressure  on  the  pistons  of  the 
outside  cylinders  of  nearly  160  lbs.  per  sq. 
in.,  corresponding  to,  say,  190  or  200  lbs. 
in  the  boiler,  while  at  present  the  usual 
boiler  pressure  is  but  180  lbs.  per  sq.  in. 

Messrs.  Manning,  Wardle,  and  Co.  are 
not  responsible  for  the  proportions  of  cylin- 
ders adopted,  although  the  general  design 
and  details  of  the  engines  have  been  worked 
out  by  them.  They  have  had  much  ex- 
perience in  the  designing  of  locomotives  for 
special  circumstances,  while  the  high 
character  of  the  workmanship  which  they 
turn  out  is  well  known,  and  in  the  case  of 
the  Cantagallo  locomotives  they  have,  both 
as  designers  and  constructors,  performed 
their  duties  admirably.  In  the  case  of  the 
Mont  Cenis  Railway  many  of  the  break- 
downs which  occurred  were  indubitably  due 
to  the  defective  design  and  workmanship 
of  the  engines  employed,  and  hence  there 
was  some  difficulty  in  separating  the  fail- 
ures due  to  these  causes  from  those  due  to 
the  mid-rail  system  per  se.  In  the  case  of 
the  Cantagallo  line,  however,  the  mid-rail 
system  will  certainly  have  a  fair  trial,  and 
the  breakdowns,  if  they  do  occur,  cannot 
be  laid  to  the  charge  of  the  locomotive  build- 
ers. Doubtless,  Messrs.  Manning,  Wardle, 
and  Co.  have  done  the  best  which  is  to  be 
done  for  the  centre  rail  system,  and  although 
they  have  produced  a  locomotive  which, 
from  its  complication,  can  only  be  admire 
as  a  specimen  of  Avorkmanship,  the  com- 
plication  has    been   reduced   to    the   least 


amount  compatible  with  the  system  on  which 
the  engine  is  constructed.  The  trials  were 
carried  out  in  the  presence  of  Mr.  James 
Brunlees,  Mr.  Fletcher,  the  locomotive 
superintendent  of  the  North-Eastern  Rail- 
way, Mr.  R.  F.  Fairlie,  Mr.  Hemans,  Mr. 
Barnes,  late  the  locomotive  superintendent 
of  the  Mont  Cenis  Railway,  Mr.  Rowland 
Cox,  Mr.  William  Dredge,  Mr.  Manning, 
Mr.  Wardle,  Mr.  J.  B.  Fell,  and  a  number 
of  other  engineers. 

For  the  purpose  of  testing  the  hauling 
powers  of  the  engine  there  had  been  brought 
to  the  incline  four  of  the  wagons  made  for 
the  Cantagallo  line  by  the  Railway  Carriage 
Company,  of  Oldbury.  These  wagons,  of 
which  the  weights  vary  from  4  tons  8  cwt. 
to  4  tons  8-cwt.  2  qr.,  are  each  carried  on 
six  wheels,  arranged  on  Mr.  John  Clark's 
system,  the  central  pair  being  capable  of 
shifting  laterally,  and  being  connected  to 
the  end  axles  in  such  a  manner  as  to  cause 
them  to  assume  a  radial  position  when  the 
wagon  is  traversing  a  curve.  Each  wagon 
is  fitted  with  both  ordinary  and  mid-rail 
brakes,  and  during  the  experiments  each 
was  loaded  with  6  tons  of  railway  chairs. 

The  first  run  was  made  with  two  wagons, 
these  carrying  besides  the  load  above  men- 
tioned, about  1^  tons  of  passengers,  thus 
making:  a  load  hauled  of  about  22  tons  6 
cwt.,  or,  including  the  engine,  a  gross  weight 
of  about  52-i-  tons.  Both  the  inside  and  out- 
side cylinders  were  used,  and  with  this  load 
the  engine  ascended  the  incline  without 
any  difficulty  at  a  speed  of  10  or  12  miles 
per  hour,  the  curves  at  the  upper  and 
steepest  part  of  the  incline,  however,  not 
being  traversed.  .  As  the  load  on  this  occa- 
sion was  considerably  below  the  tractive 
power  of  the  engine,  we  need  not  speak  of 
this  trial  further. 

In  the  second  trial  the  load  was  increas- 
ed by  the  addition  of  two  other  wagons, 
making  the  train  load,  exclusive  of  passen- 
gers, 41  tons  12  cwt.  3  qr.  On  this  occa- 
sion 28  passengers  were  carried,  so  that  the 
train  load  may  be  taken  as  43*  tons,  ex- 
clusive of  the  engine,  or,  say,  731  tons  in 
all.  This  load  was  also  taken  up  steadily 
at  a  speed  of  about  8  miles  per  hour,  and 
although  the  engine  was  stopped  close  to  the 
first  curve  near  the  summit,  at  a  point 
where  only  the  engine,  and  perhaps  the 
leading  wheels  of  the  first  wagon,  stood  on 
the  incline  of  1  in  11,  yet  there  is  no  doubt 
that  the  engine  would  have  taken  the  load 
right  up  the  latter  gradient  had  the  curves 
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been  suck  as  to  render  it  advisable  fur  the 
experiment  to  be  made.  As  it  was,  bow- 
ever,  tbe  curves  were,  as  Ave  have  already- 
explained,  made  too  sharp,  and,  except  in 
the  third  experiment,  of  which  we  shall 
speak  directly,  it  was  not  deemed  advisable 
to  run  round  them.  The  steepest  part  of 
the  incline  over  which  the  whole  of  the 
above  load  was  drawn  was  1  in  12,  and  if 
we  take  the  frictional  resistances  of  the  en- 
gine at  40  lbs.  per  ton  (and  a  subsequent 
experiment  showed  that  with  the  two  sets 
of  machinery  working,  this  is  a  very  moder- 
ate allowance),  and  that  of  the  wagons  at 
8  lbs.  per  ton,  we  get  the  total  resistances  as 
follows : 

lbs. 

X22i°= 13,720 

30  tons  at  40  lbs.  = 1,200 

13  j  tons  at  8  lbs.  ~ 348 

15,208 


Gravity  = 
Engine  friction : 
Wagon  friction : 


The  resistance  thus  amounted  to  about  G| 
tons,  or  little  more  than  one-fifth  the  weight 
of  the  engine,  and  without  doubt  if  suffi- 
cient outside  cylinder  power  were  available 
the  engine  would,  in  favorable  weather, 
have  taken  up  the  above  load  without  the 
use  of  the  gripping  wheels  at  all,  while, 
even  under  less  favorable  circumstances, 
the  use  of  sand  would  secure  the  requisite 
adhesion.  It  has  been  stated  that  the  pro- 
portions of  the  cylinders  are  such  that  the 
inside  cylinders  exert  a  pull  of  106.9  lbs., 
and  the  outside  cylinders  a  pull  of  84.5  lbs. 
for  each  pound  of  effective  pressure  per  sq. 
in.  on  the  pistons.  Supposing,  then,  that 
equal  effective  pressures  are  maintained  in 
the  two  sets  of  cylinders,  the  mean  effective 
pressure  requisite  to  exert  the  tractive  force 
of  15,268  lbs.  would  be  80  lbs.  nearly,  a 
mean  effective  pressure  well  within  that 
obtainable  with  the  boiler  pressure  at 
which  the  engine  is  usually  worked. 

The  length  of  the  incline  was  not  suffi- 
ciently great  to  fairly  test  the  steaming  capa- 
bilities of  the  engine,  but,  so  far  as  could 
be  judged  from  the  experiments,  there  was 
no  sign  of  any  deficiency  in  this  respect. 

The  third  and  fourth  experiments  were 
made  to  test  the  hauling  power  of  the  en- 
gine when  not  employing  the  central  rail, 
and  were  of  an  interesting  character.  In 
the  third  experiment  the  load  attached  to 
the  engine  consisted  of  one  wagon  only, 
the  weight  hauled,  including  the  passen- 
gers carried,  being  about  12  tons,    making 


the  gross  load,  including  the  engine,  42  tons. 
With  this  load  the  engine  ascended  readily 
to  the  very  top  of  the  incline,  traversing  the 
S  curves  of  85  ft.  radius,  situated  on  the 
gradient  of  1  in  11,  and  showing  no  signs 
of  slipping  during  any  part  of  the  run. 
Inasmuch  as  during  this  trial  the  horizontal 
wheels  were  out  of  contact  with  the  mid- 
rail,  the  engine  friction  may  probably  be 
taken  as  15  lbs.  per  ton  ;  and  if  the  wagon 
friction  be  taken  as  8  lbs.  per  ton,  as  before, 
the  resistances,  when  traversing  the  upper 
part  of  the  incline  during  the  third  trial, 
will  be  as  follows,  exclusive  of  any  allow- 
ance for  the  additional  friction  on  the 
curves : 

„       .,         42  x  2240 

Gravity  — = 

J  ii 

Engine  friction  =  30  tons  at  15  lbs.  = 
Waeon  friction  =  12  tons  at  8  lbs.  =   . 


lbs. 


i- 50 
96 


9099 


or  about  4^  tons,  a  resistance  requiring  an 
adhesion  of  only  about  \  the  weight  of  the 
engine.  Owing  to  the  small  size  of  the 
outside  cylinders,  however,  the  exertion  of 
the  tractive  force  just  mentioned  required 
a  mean  effective  pressure  of  107.7  lbs.  per 
sq.  in.  on  the  pistons  ;  and  to  get  this  it 
was  necessary  to  raise  the  boiler  pressure  to 
nearly  140  lbs. 

The  fourth  trial  was,  like  the  last,  made 
without  the  use  of  the  horizontal  gripping- 
wheels,  but  the  load  was  increased  by  the 
addition  of  a  second  wagon,  making  the 
load  hauled,  including  passengers,  22-J- 
tons,  and  the  total  weight,  including  en- 
gine, 52|  tons.  To  obtain  the  necessary 
pressure  in  the  cylinders  the  boiler  pressure 
was  increased  to  145  lbs.,  and  under  these 
circumstances  the  load  was  taken  up  readily. 
Owing  to  a  misunderstanding,  however, 
sand  was  applied  to  the  rails  during  a 
portion  of  the  run,  not  on  account  of  any 
signs  of  slipping  being  apparent,  but  from 
a  desire  on  the  part  of  the  driver  to  make 
"  assurance  doubly  sure.''  It  is  much  to 
be  regretted  that  sand  was  thus  unnecessarily 
applied,  as  the  adhesion  required  was  cer- 
tainly well  within  the  amount  available 
with  an  unsanded  rail.  As  in  the  case  of 
the  first  and  second  trials,  the  engine  was 
stopped  just  below  the  curves  at  the  upper 
end  of  the  incline,  and  the  whole  load  may 
therefore  be  taken  as  having  been  hauled 
over  a  gradient  of  1  in  12,  giving  the  resist- 
ance as  follows  : 
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_       .L         52.5x2240 

Gravity  = ^ =    

Engine  friction  =  30  tons  at  15  lbs.  =  . , 
Wagon  friction  =  22.}  tons  at  8  lbs.  =  . 


lbs. 

,  9,800 

.      450 
.      180 

10,430 
corresponding  to  a  mean  effective  pressure 

of—'-     =  123.4   lbs.  per  sq.   in.   on   the 

84  5 

pistons.  Had  greater  cylinder  power  been 
available  the  engine  would  undoubtedly 
have  taken  a  much  heavier  load  up  the 
incline  without  the  use  of  the  horizontal 
gripping  wheels. 

The  next  experiments  were  made  to  test 
the  tractive  power  of  the  engine  when  em- 
ploying the  inside  cylinders  only,  and  it  is 
only  fair  to  state  that  they  were  made  under 
some  disadvantages.  It  is  at  all  times 
difficult  to  keep  the  oil  thrown  off  by  the 
machinery  for  working  the  horizontal 
wheels  clear  of  the  mid-rail,  and  in  their 
trials  after  the  incline  had  been  traversed 
by  the  engine  several  times  at  brief  inter- 
vals, the  mid-rail  had  got  very  greasy  for 
short  lengths  in  several  places,  and  the 
oil  thus  thrown  upon  it  had  had  no  time  to 
harden  or  dry  up.  The  consequence  was 
that  to  obtain  the  necessary  adhesion  dur- 
ing the  two  experiments  of  which  we  are 
about  to  speak,  the  gripping  wheels  had  to 
be  forced  against  the  mid-rail  with  a 
much  greater  force  than  would  have  been 
necessary  had  that  rail  been  in  fair  condi- 
tion, and  hence  the  frictional  resistances  of 
the  engine  were  materially  increased.  It 
has  also  to  be  borne  in  mind  that  during 
the  fifth  and  sixth  experiments  the  ma- 
chinery of  the  vertical  wheels  had  to  be 
driven,  whereas  when  the  trials  were  made 
with  the  outside  cylinders  only,  the  ma- 
chinery belonging  to  the  horizontal  wheels 
was  at  rest. 

In  the  fifth  trial  the  load  of  the  engine 
consisted  of  one  wagon  only ;  but  as  this 
load  was  considerably  below  the  power  of 
the  engine  we  need  not  discuss  it  further. 
In  the  sixth  trial,  however,  two  wagons 
were  attached,  the  load  being  thus  the 
same  as  during  the  fourth  trial.  As  soon 
as  the  train  was  fairly  on  the  incline,  and 
the  engine  had  got  past  that  portion  of  the 
mid-rail  which  was  in  the  most  greasy 
state,  steam  was  shut  off  from  the  outside 
cylinders,  and  the  horizontal  gripping 
wheels  left  to  do  the  work  alone.  No  index 
for  showing  the  pressure  had  been  affixed 


to  the  screw  for  tightening  up  the  gripping 
wheels,  but  the  pressure  applied  to  the  mid- 
rail  was  estimated  at  40  tons.  Notwith- 
standing this,  however,  the  horizontal 
wheels  slipped  from  time  to  time  as  they 
came  upon  a  greasy  place  on  the  mid-rail, 
and  had  to  be  assisted  by  admitting  steam 
to  the  outside  cylinders. 

A  most  important  point  proved  by  this 
experiment  was  the  great  increase  of  engine 
friction  due  to  the  employment  of  the  mid- 
rail  machinery.  The  load  being  the  same 
as  during  the  fourth  experiment,  the  resist- 
ance, with  the  exception  of  that  portion 
due  to  engine  friction,  would  also  be  the 
same,  while  owing  to  the  fact  of  the  cylin- 
der power  of  the  inside  engines  being- 
greater  than  that  of  the  outside  engines  in 
proportion  of  5  to  4,  the  mean  effective 
pressure  required  on  the  pistons  should 
have  been  less  than  during  the  fourth  ex- 
periment. In  reality,  however,  it  was  found 
that  to  draw  the  load  the  same  boiler  pres- 
sure was  requisite  in  the  sixth  trial  as  in 
the  fourth,  and  the  mean  effective  pressure 
seems  to  have  been  about  equal  in  the  two 
cases.  To  what  an  excessive  proportion 
of  engine  friction  this  state  of  affairs  corre- 
sponds, a  simple  calculation  will  prove.  In 
the  case  of  the  fourth  experiment,  the  resist- 
ance to  be  overcome  corresponded  to  a 
mean  effective  cylinder  pressure  of  about 
1231  lbs.  per  sq.  in.,  and  this  mean  effective 
pressure  was  obtained  with  a  boiler  pres- 
sure during  the  sixth  experiment  being  also 
145  lbs.,  the  mean  effective  pressure  in  the 
inside  cylinders  did  not  differ  greatly  from 
the  123i  lbs.  just  mentioned  ;  and  as  each 
pound  of  effective  pressure  per  sq.  in.  on  the 
inside  pistons  gives  a  tractive  force  of  106.9 
lbs.,  the  pull  exerted  during  the  sixth  ex- 
periment is  approximately  106.9X123.5= 
13,202  lbs.  Of  this  force  9800  lbs.  is  ac- 
counted for  by  the  resistance  due  to  gravity, 
and  180  lbs.  by  the  friction  of  the  wagons, 
leaving  13,202— (9800+180)=3222  lbs. 
to  be  accounted  for  by  engine  friction,  or 
over  100  lbs.  per  ton  for  the  actual  weight 
of  the  engine  ;  the  pressure  exerted  on  the 
mid-rail  may  be  fairly  regarded  as  equivalent 
to  engine  weight,  and  as  in  this  case  this  pres- 
sure amounted  to  40  tons,  the  engine  friction 
might  be  expected  to  equal  that  of  a  40-)- 
30=70  ton  locomotive.  Even  regarded  in 
this  way,  however,  the  friction  is  excessive, 

amounting  to  — —  =  46  lbs.    per  ton,    an 

amount  far  in   excess    of  that    allowed  in 
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calculating  the  resistances  encountered 
during  the  second  trial.  The  mode  of  com- 
parison adopted,  of  course,  does  not  admit  of 
any  very  minute  accuracy,  but  the  results 
obtained  by  it  are  sufficiently  decisive  to 
show  that  the  working  of  the  mid-rail  ma- 
chinery is  attended  with  a  most  dispropor- 
tionate amount  of  friction. 

During  the  various  experiments  a  num- 
ber of  trials  were  made  of  the  brake  ar- 
rangements, and  it  was  found  that  in  all 
cases,  whether  ascending  or  descending,  the 
trains  were  under  most  complete  control. 
The  engine  was  driven  during  the  experi- 
ments by  Mr.  Thomas  Morton,  late  the  as- 
sistant superintendent  on  the  Mont  Cenis 
line,  and  who  is  going  out  as  locomotive 
superintendent  on  the  Cantagallo  Railway, 
where  he  will  have  the  assistance  of  Mr. 
Henry  Mason,  one  of  the  first   engine   dri- 


vers on  the  Mont  Cenis.  Altogether,  the 
centre-rail  system  will  be  tried  in  Brazil 
under  the  most  favorable  auspices.  The 
experience  gained  on  the  Mont  Cenis  has 
been  turned  to  account  in  constructing  the 
new  line  and  designing  the  stock;  the  makers 
of  the  locomotives,  Messrs.  Manning, 
Wardle  and  Co.,  have  done  every  thing  that 
careful  designing  and  first-class  workman- 
ship could  do  to  render  the  engines  a  suc- 
cess, and,  in  fact,  Mr.  Fell  could  scarcely 
desire  a  fairer  trial  for  the  system  he  advo- 
cates than  it  is  about  to  receive  in  the  pass- 
es of  the  Organ  mountains.  That  the  mid-rail 
affords  a  mode  of  surmounting  inclines  with 
loads  which  could  not  be  taken  up  by  an 
ordinary  engine,  is,  of  course,  a  self-evident 
matter  ;  but  that  it  forms  the  best — or  even 
approximately  the  best — -mode  of  scaling 
mountain  inclines,  is  doubtful. 


FURTHER  NOTES  ON  THE  CAISSONS   OF   THE  EAST  RIYER 

BRIDGE* 


By  F.    COLLI  XGWOXD,  C.  E. 


A  paper  read  before  this  Society  at  the 
last  annual  Convention,  entitled  "  A  Few 
Facts  about  the  Caissons  of  the  East  River 
Bridge,"f  gives  account  of  the  construction 
and  sinking  of  the  Brooklyn  caisson  ;  these 
Notes  refer  almost  entirely  to  the  New 
York  caisson. 

CONSTKTJCTION. 

Preliminary  borings  on  the  sites  of  the 
piers  of  this  Bridge,  disclosed  the  fact  that 
the  river  bed  and  underlying  strata  on 
the  Brooklyn  side  were  essentially  different 
from  those  on  this,  the  New  York  side. 
There,  at  a  depth  of  about  45  ft.,  a  uniform- 
ly hard  bottom  was  reached,  which  was 
entirely  satisfactory  as  a  foundation.  Here, 
on  the  contrary,  the  strata  were  exceedingly 
irregular,  all  more  or  less  yielding,  and 
with  extensive  beds  of  quicksand  reaching 
nearly  to  the  rock,  which  was  found  at  a 
depth  of  from  77  ft.  to  92  ft.  below  high 
tide. 

It  was  at  once  decided,  therefore,  that  the 
foundation  must  go  nearly  if  not  quite  to 
the  rock.  To  provide  for  the  pressure  of  a 
larger  mass  of  masonry,  compared  with 
that  of  the  Brooklyn  pier,  it  was  deemed 

*  A  paper  read  before  the  American  Society  of  Civil  Engi- 
neers. 
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advisable  to  increase  the  size  of  the  caisson, 
and  it  was  made  102  by  172  ft;  the  air- 
chamber  was  of  the  same  height  as  in  the 
other  caisson,  9  ft.  6  in.  The  cross-frames, 
for  the  support  of  the  central  part  of  the 
roof  were  much  heavier,  being  of  solid 
timber,  4  ft.  thick ;  and  additional  bearing 
surface  on  the  quicksand  was  obtained  by 
the  introduction  of  minor  frames  both  across 
and  lengthwise  of  the  caisson.  The  total 
sustaining  surface,  when  all  brought  to  a 
bearing,  was  about  2,700  ft.,  or  fully  twice 
that  of  the  Brooklyn  caisson.  This,  it  was 
thought,  was  required  to  guard  against  the 
dangerous  settlement  that  might  occur 
should  there  be  a  sudden  escape  of  air  froni 
the  air-chamber,  which  previous  experience 
had  shown  to  be  quite  possible. 

The  roof  was  increased  in  thickness  from 
15  to  22  ft.,  and  a  coffer-dam  built  from  the 
top  of  the  twelfth  roof  course  to  high- water 
mark.  By  this  means  greater  buoyancy 
was  obtained,  the  pressure  on  the  frames 
and  other  parts  during  sinking,  lessened, 
and  the  stability  materially  increased. 

LEAKAGE    OF    AIR. 

The  interior  of  the  air-chamber  was 
lined  throughout  with  light  boiler  iron 
riveted  together,  and  caulked.  The  surface 
covered  by  the  lining  had  an  area  of  about 
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26,000  sq.  ft.,  and  was  pierced  by  6,000 
bolts.  Although  great  pains  were  taken  to 
make  these  tight,  it  was  found  after  launch- 
ing, that  four  compressors  were  required  to 
overcome  the  leakage  of  air.  Men  were 
sent  down,  and,  floating  around  on  rafts, 
they  succeeded  in  stopping  the  leaks,  so 
that  one  compressor  at  half  speed,  and 
throwing  about  90  ft.  of  air  per  minute, 
more  than  overcame  the  loss. 

When  the  pressure  was  3-1  lbs.  above  the 
atmosphere,  with  the  shoe  sealed  by  water, 
the  leakage  was  about  three  times  as  great. 
With  the  shoe  uncovered,  the  escape  of  air 
underneath  it  and  upward  throug  the  sand, 
was  frequently  1,200  to  1,500  ft.  per  minute, 
requiring  nearly  the  whole  compressor  force 
to  supply  it.  This  could  always  be  partially 
controlled  by  banking  up  inside  the  shoe 
with  earth. 

the  aik  surnr 

was  furnished  by  13  compressors,  throwing 
3  cubic  feet  of  air  (normal  pressure)  per 
revolution.  These  were  seldom  all  run- 
ning at  once  ;  at  the  greatest  pressure  the 
number  varied  from  8  to  12,  with  a  speed 
of  30  to  80  revolutions  per  minute.  The 
highest  limit  was  of  course  reached,  when 
the  sand  siphons  were  throwing  out  ma- 
terial. In  the  compressor  room  a  mercurial 
gauge  showed  the  actual  pressure,  and, 
close  by  it,  an  indicator  moved  up  and 
down  with  the  tide,  and  traversed  a  strip  of 
paper,  on  which  were  marked  pounds.  The 
paper  being  adjusted  each  morning,  the  en- 
gineer had  always  before  him  the  real  and 
the  required  pressure.  At  the  beginning  of 
the  sinking,  the  pressure  was  kept  fully  up 
to  that  required  to  balance  the  water  pres- 
sure at  the  shoe. 

After  a  few  feet  of  excavation,  it  was 
found  that  a  4-  lb.  less  pressure  was  suffi- 
cient to  keep  the  water  out.  At  20  ft.  of  ex- 
cavation, or  a  total  depth  of  57  feet,  we 
began  to  run  regularly  with  1  lb.  less.  The 
material,  down  to  this  depth,  was  sand  and 
gravel,  but  it  evidently  offered  a  sensible 
resistance  to  the  passage  of  water  through  it. 
When  the  pressure  was  run  down  by  the 
excessive  use  of  the  sand  siphons,  the  water 
would  run  in  slowly  for  an  hour  or  two  ; 
the  pressure  had  then  to  be  put  up  to  the 
highest  safe  limit,  and  held  there  two  or 
three  hours,  to  drive  the  water  out. 

THE    WATER    SHAFTS. 

One   inconvenience  arising  from,  this,  was 


the  difficulty  in  keeping  a  safe  supply  of 
water  in  the  pools  around  the  water  shafts. 
The  natural  effect  of  the  air  pressure  would 
be  to  force  the  water  deeper  down  in  the 
centre  of  the  chamber  (where  the  shafts 
were)  than  at  the  shoe  ;  hence  there  was — 
as  proved  by  currents  in  the  trenches — a 
constant  loss  by  drainage  from  the  shafts 
to  the  chambers  in  addition  to  that  caused 
by  the  dredge  buckets.  The  head  of  water 
in  the  city  mains  being  too  small  to  keep  up 
the  supply, — as  a  precautionary  measure,  a 
steam  pump  was  connected  with  the  caisson 
water  pipes,  which  prevented  further 
trouble  from  this  cause. 

The  water  shafts  projected  2  ft.  below  the 
shoe,  and  the  water  was  always  kept  in  the 
pools  a  foot  above  the  bottom  of  the 
shafts,  and  ordinarily  much  higher.  This 
was  necessary  to  provide  against  sudden 
fluctuations  in  pressure,  and  on  account  of 
the  pulsations  caused  by  the  plunging  in  or 
withdrawing  of  the  buckets. 

The  sand  in  the  pools  always  stood  at  a 
very  low  angle,  hence  they  were  kept  large 
and  well  dug  out.  Unless  this  precaution 
were  taken,  the  shafts  were  liable  to  be 
dangerously  sealed,  when  the  work  was 
stopped  by  the  slow  deposit  of  earthy  mat- 
ter, held  in  suspension  by  the  water  while 
dredging  was  being  done. 

As  to  be  expected,  the  shafts  were  most 
useful  during  the  early  part  of  the  work,  in 
removing  mud  and  other  materials  which 
could  not  be  taken  out  by  the  sand  siphons. 
They  were  employed,  however,  until  a  depth 
of  74  ft.  was  reached,  where  they  became 
practically  useless,  for  the  reason  that,  in 
lifting  through  such  a  depth  of  water, 
nearly  all  the  material  was  washed  out  of 
the  buckets. 

CAISSON    LEVEL. 

Before  the  caisson  was  put  in  place,  the 
river  bottom,  at  a  depth  of  37  ft.,  was 
dredged  to  as  nearly  a  uniform  level  as  pos- 
sible. The  scour  that  took  place  under  the 
outer  edge  of  the  caisson  before  it  was 
firmly  grounded,  caused  it  to  take  the  bot- 
tom at  low  tide,  fully  2  ft.  out  of  level.  To 
prevent  this,  earth  was  thrown  in  at  high 
tide,  and  a  tolerably  uniform  bearing 
obtained. 

At  one  time  afterward,  before  all  the 
dock  logs  and  similar  obstacles  had  been 
cleared  from  under  the  frames,  the  caisson 
was  9  in.  out  of  level  at  the  corners  ;  but 
after  ecettinjr  well  into  the  sand,  and  while 
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settling  from  6  to  11  in.  per  day,  the  great- 
est difference  of  level  was  6  in.;  and  at 
times  for  a  whole  week  it  would  not  be  out 
more  than  1  or  2  in.  Towards  the  end  of 
the  excavation,  fully  one-half  of  the  caisson 
rested  on  quicksand,  and  the  other  half  on 
cemented  gravel ;  but  even  under  these  ex- 
treme circumstances  we  were  able  to  put  the 
hard  side  down  lower,  while  the  soft  side 
remained  stationary. 

Mr.  Collingwood  said :  -To  show  how 
readily  the  level  was  controlled,  I  will  state  : 
we  stopped  the  caisson  exactly  at  78  ft.,  and 
the  difference  of  level  at  the  extreme 
corners  of  the  coffer-dam  was  only  an  inch, 
and  of  the  masonry  only  -J  in.  We  stopped 
and  held  it  there  without  difficulty. 

SIDE    PEICTION. 

The  excess  in  weight  of  masonry,  timber, 
and  other  parts  over  the  lifting  force  of  the 
air,  varied  from  about  500  tons  to  20,000 
tons,  the  latter  being  the  extreme  amount 
at  low  tide,  when  the  pressure  had  been  al- 
lowed to  run  5  lbs.  below  that  due  to  the 
head  of  water,  and  the  caisson  was  at  its 
greatest  depth.  It  was  found  impracticable 
to  determine  the  side  friction  with  accuracy, 
for  the  reason  that  at  no  time  were  the 
frames  and  shoe  entirely  unsupported.  Two 
different  observations  gave  about  400  lbs. 
per  sq.  ft. ;  towards  the  close,  when  the 
material  was  compacted  more  firmly  against 
the  caisson  from  the  slowness  of  its  settle- 
ment, the  side  friction  was  evidently  much 
greater — probably  between  500  and  600  lbs. 
per  sq.  ft.  To  increase  the  weight,  a  con- 
siderable portion  of  the  sand  blown  out  was 
allowed  to  remain  inside  the  coffer-dam. 

Notwithstanding  the  large  overweight  on 
the  caisson  (above  its  buoyancy  when  in- 
flated), the  roof  was  scarcely  changed  in 
form ;  the  depression,  as  shown  by  levels, 
being  about  an  inch  ; — an  admirable  test  of 
the  thoroughness  of  the  bolting.  No  block- 
ing was  used  under  the  frames,  as  on  the 
Brooklyn  side  ;  they  rested  directly  on  the 
sand. 

FOUNDATION. 

When  within  about  10  ft.  of  the  highest 
portion  of  the  bed-rock,  a  complete  series  of 
soundings  was  made  over  the  bottom.  These 
revealed  a  stratum  of  cemented  gravel  over 
the  entire  area,  at  a  depth  of  from  77  to  80 
ft.,  and  above  and  below  this  a  great  number 
of  boulders,  many  of  them  of  large  size. 

This  was  the  first  stratum  reached  which 
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was  of  suitable  material  to  sustain  the  pier, 
and  bore  certain  evidences  of  not  having  boon 
disturbed.  For  instance,  at  62  ft.  a  bone 
of  the  domestic  sheep  was  found  in  the  sand 
under  a  large  boulder  ;  and  still  lower  down, 
fragments  of  brick  and  pottery. 

The  settlement  of  the  Brooklyn  pier  on  a 
similar  foundation,  with  two-thirds  of  the 
full  load  upon  it,  had  been  but  three-eighths 
of  an  inch  ;  therefore  it  was  decided  to  stop 
excavation  at  the  depth  of  78  ft.  For  about 
60  ft.  on  one  side,  the  bed  rock  was  struck 
at  77  ft.;  this  was  blasted  out  a  foot  below 
the  shoe,  and  the  space  filled  in  with  earth. 
At  two  corners  a  small  depth  of  quicksand 
remained  above  the  hard  stratum;  this  was 
removed,  and  concrete  put  in  its  place. 

The  filling  was  done  as  in  the  other  cais- 
son, except  that  the  greater  supporting 
power  of  the  frames  rendered  the  brick 
piers  superfluous,  and  they  were  dispensed 
with.  In  filling,  the  spaces  under  the 
frames  were  first  made  solid ;  then,  where- 
ever  there  was  quicksand  under  the  shoe,  a 
trench  was  cut  out  down  to  the  gravel  layer 
mentioned,  and  filled  with  concrete.  After 
this  the  fiTling  proceeded  by  sections,  and 
bulkheads  were  put  up  for  the  purpose,  as 
described  in  the  paper  before  mentioned. 

While  sinking  the  last  8  ft.,  all  the  stones 
found,  except  the  small  ones  (which  were 
removed  in  the  usual  manner),  were  stowed 
in  pockets  attached  to  the  frames,  or  piled 
near  the  centre  of  the  chambers,  in  spaces 
excavated  for  the  purpose. 

The  last  2  ft.  of  excavation  consisted 
mostly  of  trenching  ;  and  as  far  as  practic- 
able, the  earth  was  heaped  up  and  not  re- 
moved, by  which  means  a  large  amount  of 
concreting  was  saved,  and  the  expense  of 
filling  lessened. 

SAND    Sir-HONS 

have  been  mentioned  frequently,  but  no 
description  given  of  them.  In  designing 
the  caisson,  pipes  had  been  carefully  located 
over  the  whole  area  of  the  roof,  with  the 
idea  of  moving  the  material  excavated  the 
least  possible  distance.  The  first  plan  was 
to  use  water  as  the  vehicle  by  which  to 
carry  out  the  sand,  and  for  this  reason  the 
pipes  were  grouped  so  as  to  give  one  of  -i 
in.  to  every^o  or  -1  of  3.5  in.  diameter.  These 
pipes  extend  vertically  through  the  roof. 
and  sections  were  added  above  as  the  cais- 
son descended. 

During  the  early  part  of  the  excavations, 
the  material  was  such  that  it  had  all  to  be 
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removed  by  the  dredges.  Before  it  became 
practicable  to  employ  the  siphons,  another 
consideration,  namely,  ventilation,  caused 
an  entire  change  of  plan,  and  it  was  decided 
to  use  the  air  of  the  caisson  as  the  motor. 
The  caisson  leaked  so  little  that  otherwise, 
to  maintain  a  proper  degree  of  purity,  it 
was  necessary  to  waste  air  ;  and  there  was 
no  good  reason  why  the  power  thus  stored 
up  should  not  be  utilized.  This  being  de- 
cided, the  question  of  interior  arrangement 
c.ime  up.  We  first  tried  rubber  hose  lined 
with  spiral  springs  to  prevent  collapsing, 
making  the  pieces  about  5  ft.  longer  than 
the  chamber  was  deep,  or  14  ft.  in  length. 
The  hose  thus  hung  from  the  roof  in  a 
curve,  and  it  was  thought  that,  by  sweeping 
it  around,  all  the  material  within  the  circle 
described  could  be  taken  out  with  little  or 
no  shovelling. 

From  the  constant  jamming  of  small 
stones  and  sand  in  the  bend  of  the  hose, 
even  when  mixed  with  an  abundance  of 
water,  this  method  very  soon  proved  im- 
practicable. We  next  tried  an  injector,  al- 
lowing air  to  enter  an  adjustable  annular 
space  surrounding  a  central  passage  for  the 
sand  and  ah',  to  which  passage  a  pipe  was 
connected,  leading  to  the  bottom  of  the 
chamber ;  this  worked  tolerably  well,  but 
wasted  too  much  ah'  for  the  work  done. 

The  next  step  was  to  shorten  the  hose,  so 
that  it  reached  within  a  few  inches  of  the 
bottom  of  the  caisson.  The  material  was 
thrown  by  about  six  laborers  to  a  point 
where  another  laborer  kept  the  lower  end 
of  the  hose  in  moderate  motion  from  side  to 
side.  This  worked  very  well,  but  the  sand 
soon  wore  out  the  springs,  and  the  hose  col- 
lapsed. 

The  final  arrangement  adopted  was  as 
follows :  A  piece  of  pipe  2  ft.  long  was 
screwed  on,  near  the  roof ;  to  this  a  full  way 
cock  of  the  same  size  opening  was  attached, 
and  next  a  straight  piece  of  pipe  extending 
to  within  a  foot  of  the  bottom  of  the  caisson. 
The  most  effective  way  of  working  this  was 
to  heap  the  sand  and  gravel  around  the 
lower  end  of  the  pipe,  for  2  or  3  ft.  in  depth  ; 
then  to  open  the  cock  wide  and  let  the  air 
cany  the  material  out. 

When  working  at  the  best  in  clean  sand, 
a  pipe  3.5  in.  in  diameter,  under  a  pressure 
of  25  lbs.  per  sq.  in.,  has  thrown  out  30 
cubic  yards  in  an  hour.  Owing  to  the  large 
admixture  of  gravel  with  the  sand,  the  stop- 
pages from  choking  were  frequent,  and  this 
speed  was  never  reached  except  experiment- 


ally. When  the  pressure  reached  28  lbs., 
it  was  found  that  the  3.5-in.  openings  allow- 
ed too  much  air  to  escape,  and  the  pipes 
were  reduced  at  the  lower  end  to  2.5-in. 
diameter.  This  arrangement  was  all  that 
could  be  desired,  so  long  as  the  sand  was 
clean.  At  the  last,  however,  there  was  a 
large  admixture  of  clay  with  the  sand,  and 
we  had  to  remove  the  reducers,  and  use 
fewer  siphons. 

The  sand  was  very  sharp,  and  our  next 
trouble  was,  that  the  pipes  wore  through 
near  the  roof.  When  this  happened,  a  3-in. 
pipe  was  forced  up  about  2  ft.  into  the  3.5- 
in.  pipe  remaining  in  the  roof,  and  a  3-in. 
cock  attached.  When  this  wore  off,  a  second 
reduction  to  2.5  in.  was  made.  A  mechanic 
was  on  hand  at  all  times  to  make  such  re- 
pairs as  were  needed,  and  to  clear  the 
pipes. 

Occasionally,  two  stones  would  jam  in  a 
pipe  at  some  distance  up  ;  these  were  easily 
removed  by  forcing  up  jointed  rods  from  be- 
low, or  dropping  a  bar  attached  to  a  rope 
from  above.  When  working  at  a  pipe  from 
below,  the  precaution  was  always  taken  to 
screw  on  a  cast-iron  cap  above. 

During  the  first  25  ft.  of  excavation,  it 
was  necessary  to  throw  sand  over  the  sides 
of  the  caisson,  to  keep  the  piling  surround- 
ing it  from  sinking ;  the  remainder  was 
thrown  on  the  dock  and  saved  for  future 
use.  As  the  pipes  leading  from  the  air 
chamber  were  vertical,  elbows  were  used  to 
change  them  to  horizontal — an  arrange- 
ment easily  made  ;  but  the  furious  blast  of 
sharp  sand  cut  through  in  30  min.  the  cast- 
iron  elbows  at  first  provided.  Wrought 
iron  an  inch  thick  would  not  stand  over  10 
hours'  use — end  wood  was  bored  through  as 
though  by  an  auger. 

The  plan  finally  adopted  was  to  use  an 
iron  elbow  of  a  foot  radius,  in  which  there 
was  an  opening  on  the  convex  side,  in  width 
equal  to  the  interior  diameter,  and  extend- 
ing within  2  in.  of  either  end ;  into  this  a 
back  piece  of  chilled  iron,  about  2  in.  thick, 
was  fitted  and  secured  by  a  key  driven  into 
2  lugs  cast  upon  the  elbow.  It  was  the 
work  of  a  few  minutes  to  remove  the  key 
and  change  one  of  these  back  pieces  ;  a  man 
was  kept  on  the  top  of  the  caisson  to  attend 
to  this.  The  device  was  much  cheaper  than 
any  other  tried,  and  worked  satisfactorily. 

Great  care  was  required  to  prevent  acci- 
dent from  the  siphons,  as  with  a  heavy 
pressure  small  pebbles  were  discharged 
almost  with   the  velocitv  of  musket  balls. 
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One  of  the  raen,  by  incautious  exposure, 
had  a  wound  made  in  his  arm  more  than  5 
in.  long.  At  the  last,  when  wasting  the 
material  inside  the  coffer-dam,  the  elbows 
were  all  removed,  the  pipes  cut  down,  and 
a  heavy  piece  of  limestone  placed  above 
each,  on  the  coffer-dam  braces. 

THE    TELEGRAPH 

used  in  sending  messages  up  and  down  was 
very  simple,  and  worked  well.  One  of -the 
large  tubes  was  capped  below,  an  inch  tube 
(riveted  at  the  joints  to  prevent  slipping) 
was  passed  through  the  cap,  and  indexes 
attached.  Underneath  each  index  was 
placed  a  small  horizontal  table,  on  which 
was  distinctly  traced  apian  of  the  caisson, 
together  with  the  position  of  every  pipe  and 
shaft.  By  the  revolution  of  the  small  tube, 
therefore,  attention  could  be  called  to  any 
one  of  these  in  a  moment. 

A  small  rod,  also,  was  passed  down 
through  the  large  tube,  and  its  weight 
balanced  by  a  weight  above,  attached  to  a 
cord  passing  over  a  pulley.  A  small  index 
was  fixed  both  above  and  below  ;  these 
traversed  vertical  boards  on  which  were 
words  and  sentences  such  as,  "  stop," 
"  start,"  "  bucket  is  caught,  "  etc.,  directing 
what  was  to  be  done. 


In  the  paper  before  mentioned  I  touched 
upon  this  subject,  and  suggested  a  theory  as 
to  the  reason  why  all  the  lights  used  (except 
oxy-hyclrogen)  smoked  so  insufferably.  The 
explanation  then  given  was,  that  the  in- 
creased tension  of  the  air  diminished  the 
freedom  of  motion  of  its  particles,  and  that 
as  a  consequence  of  its  imperfect  circulation 
about  the  flame,  the  carbonic  acid  and  ni- 
trogen set  free,  surrounded  the  flame  as 
a  film,  caused  imperfect  combustion,  and 
the  ehmination  of  large  quantities  of 
carbon. 

The  burners  first  used  in  the  present 
caisson  were  5  ft.,  fish-tail,  and  burned 
with  a  flickering  yellow  light,  consuming  a 
great  deal  of  gas,  and  smoking  almost  as 
badly  as  candles.  It  seemed  to  me  that  if 
the  gas  could  be  forced  out  in  a  thin  sheet, 
under  considerable  pressure,  the  difficulty 
might  be  overcome.  Acting  on  this  suppo- 
sition, I  procured  burners  of  various  sizes, 
and  also  several  kinds  of  pressure  regu- 
lators. Experiment  soon  showed  that  the 
regulators  were,  at  least  for  our  use,  worth- 
less. But  to  our  great  satisfaction,  on  trying 


a  2  ft.  lava  tip,  of  the  pattern  known  as 
the  "  excavated  bat  wing,"  it  burned  with 
a  clear  white  light,  and  gave  off  scarcely 
any  smoke.  As  the  depth  increased,  these 
also  began  to  smoke ;  and  when  at  65  ft. 
depth,  one-foot  burners  of  the  same  pattern 
were  substituted.  No  farther  trouble  was 
experienced. 

The  arrangement  for  gas  supply  was 
very  simple.  An  iron  tank  was  fixed  in 
the  air-chamber  of  the  caisson,  which  held 
about  60  cubic  ft.  Into  this  the  gas  was 
forced  by  a  force  pump,  stationed  on  the 
dock  above  ;  and  from  it  distribution  made 
to  the  various  burners.  A  water  tank 
above  had  a  pipe  leading  from  it  to  the 
bottom  of  the  tank  in  the  caisson.  The 
water  column  thus  formed  gave  the  real 
measure  of  the  pressure  under  which  the 
gas  was  burned.  The  difference  of  head 
(allowing  for  the  difference  between  salt 
and  fresh  water)  varied  from  2  ft.  at  ex- 
treme high  tide,  to  9  ft.  at  extreme  low 
tide  ;  instead  of  about  2  in.  as  is  ordinarily 
the  case. 

VENTILATIOX. 

Soon  after  the  excavation  had  been  start- 
ed, some  peculiar  sensations  experienced 
by  the  workmen,  led  to  the  -suspicion  that 
an  amount  of  carbonic  acid  too  large  for 
health  was  present  in  the  air  of  the  cham- 
bers. A  rough  test  with  lime  water  show- 
ed this  to  be  true. 

The  question  then  arose,  how  much  air 
was  required — we  were  already  forcing 
down  more  than  stated  by  many  authors  as 
necessary  to  supply  a  reasonable  number 
of  lights,  and  the  men  employed ;  the 
amounts  given  varied  from  3.5  to  23  cubic 
ft.  per  man  per  min.  It  apeared  at  once 
that  these  estimates  had  been  made  under 
exceedingly  diverse  conditions,  and  afforded 
no  accurate  basis  for  us  to  work  upon. 

There  seemed,  however,  to  be  more 
uniformity  in  the  published  experiments  on 
the  amount  of  air  inhaled  by  each  person  : 
so  that  it  was  possible  to  arrive  with  some 
accuracy  at  the  actual  amount  of  carbonic 
acid  given  off ;  knowing  the  amount  of  gas 
burned  per  minute,  the  carbonic  acid  from 
this  source  also  was  readily  determined. 
With  the  total  amount  of  carbonic  acid 
known  (having  decided  on  what  percen- 
tage of  vitiation  of  the  air  would  be  allow- 
ed), the  amount  of  air  required  to  insure  a 
given .  degree  of  purity  was  found  by  a 
simple  proportion. 
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The  exhalations  from  the  body  are  of  two 
kinds  :  those  from  the  lungs  and  those  from 
the  skin.  We  wall  consider  first — respira- 
tion. Experiments  show  that  a  person  in- 
hales, when  breathing  quietly,  from  20  to 
34  cubic  in.;  when  walking  respectively  1, 
%  3,  or  4  miles  per  hour,  about  52,  60,  75, 
or  91  cubic  in.;  and  in  working  a  tread-mill, 
107  cubic  in.  of  air — per  respiration.  The 
amount  of  carbonic  acid  exhaled  is  equal  in 
bulk  to  the  oxygen  consumed,  and  is  about 
4.5  per  cent,  of  the  air  inhaled.  Estima- 
ting that  a  laborer  in  the  caisson  consumes 
as  much  air  as  a  person  walking  3  miles  per 
hour,  we  have  with  18  respirations  per  min., 
the  air  breathed  by  70  men,  75x70x18= 
94,500  cubic  in.  Of  this  4.5  per  cent,  or 
4,252  cubic  in.  is  carbonic  acid,  exhaled  and 
thrown  off  by  the  lungs. 

The  watery  vapor  expelled  by  the  system 
at  the  pores,  is  stated  to  be,  by  weight, 
from  1.5  to  2  times  the  amount  of  carbonic 
acid  exhaled,  and  contains  carbonic  acid, 
urea,  and  albuminous  substances  in  a  state 
of  decomposition.  In  the  air  of  the  caisson, 
owing  to  its  nearly  constant  state  of  satura- 
tion with  watery  vapor,  this  vapor  would  no 
doubt  be  given  off  in  the  form  of  "  sensible 
perspiration."  In  the  absence  of  any  data, 
allow  that  it  contaminates  one-quarter  as 
much  air  as  the  breath,  and  we  get  carbonic 
acid  and  the  like  from  the  skin  equal  to 
4252 

—  =  1062  cubic  in. 
4 

"We  come  next  to  the  carbonic  acid  pro- 
duced by  combustion.  Carburetted  hydrogen 
consumes  in  burning,  twice  its  bulk  of  oxy- 
gen ;  and  generates  its  own  bulk  of  carbonic 
acid.  In  other  words,  a  cubic  foot  consumes 
10  cubic  ft.  of  air,  and  produces  a  cubic  foot 
of  carbonic  acid.  As  we  were  burning  about 
5  ft.  of  gas  per  min.,  this  gave  carbonic  acid 
from  the  lights  equal  to  8,640  cubic  in.,  and 
from  all  sources  as  follows  : 

Breath 4,252  cubic  in. 

Skin 1,062  " 

Gas 8,640  " 


a  candle  to  cease  burning."  "It  is  decid- 
edly predjudicial  to  breathe  for  any  length 
of  time,  air  containing  one  per  cent.  The 
air  in  the  latter  case  becomes  soporific,  de- 
pressing, and  altogether  injurious."  Writ- 
ers on  ventilation  recommend  that  the  amount 
present  should  never  be  greater  than  .2  of 
one  per  cent.  Taking,  as  is  given  by  some 
writers,  3.5  to  5  cubic  ft.  as  the  amount  of 
air  actually  vitiated  by  breathing  alone,  per 
man  per  minute,  breathing  at  the  very  mod- 
erate rate  of  30  to  40  cubic  in.  per  inspira- 
tion with  18  inspirations  per  minute,  would 
give  .33  to  .5  of  one  per  cent,  of  vitiation. 
As  a  man  laboring  hard  would  certainly 
breathe  more  air  than  this,  the  vitiation 
would  probably  reach  one  per  cent.,  which 
was  too  large  to  be  permitted. 

I  assumed  therefore,  a  purity  of  .33  to  .5 
of  one  per  cent,  as  being  desirable,  giving 

at  once  from  — —  =  2424  cubic  ft.  to  -—- 
. 0033  . 005 

=1616  cubic  ft.  per  minute  as  the  necessary 

supply. 

Our  compressors  throw  3  cubic  ft.  of  air 
per  revolution,  and  make  60  to  80  revolu- 
tions ;  hence  it  was  necessary  to  run  at  least 
8  of  them  to  keep  the  air  wholesome.  As  we 
had  previously  run  from  4  to  6  only,  orders 
were  given  to  ventilate  the  chambers  by 
blowing  off  at  frequent  intervals,  and  no 
trouble  was  experienced  afterward.  The 
fact  that  more  air  was  needed  for  health 
than  was  necessary  to  supply  the  waste  by 
leaks,  was  one  of  the  leading  reasons  for 
its  use  in  removing  the  material  excavated. 

Subsequent  to  this  investigation,  when 
10  to  12  compressors  were  in  constant  use, 
the  air  of  the  caisson  was  tested  for  carbonic 
acid,  and  about  one-third  of  one  per  cent, 
found  to  be  present,  thus  verifying  the  pre- 
vious results. 

HEALTH.* 

There  has  been  so  much  adverse  criticism 
by  the  public  press  on  pneumatic  founda- 
tions, on  account  of  the  fatality  attending 


Total 13,954 

or  8.08  cubic  ft. 

The  next  thing  to  determine,  was  the  per 
cent,  of  impurity  allowable  in  the  air. 
Pure  air  contains  by  volume,  in  round  num- 
bers, .8  nitrogen  and  .2  oxygen.  There  is 
present,  also,  a  small  amount  of  carbonic 
acid  variously  estimated  from  .1  to  .04  of 
one  per  cent. ;  "10  per  cent,  of  carbonic 
acid  causes  instant  death;  5  to  6  per  cent. 
is  dangerous  to  life,  and  3   per  cent,  causes 


*  Rules  for  the  Workmen  in  the  Caisson. 

1.  Never  enter  the  Caisson  with  an  empty  stomach. 

2.  Use,  as  far  as  possible,  a  meat  diet,  and  take  warm  coffee 
freely. 

3.  Always  put  on  extra  clothing  on  coming  out,  and  avoid 
exposure  to  cold. 

4.  Exercise  as  little  as  may  be  during  the  first  hour  after 
coming  out,  and  lie  down  if  possible. 

5.  Use  intoxicating  liquors  sparingly;  better  none  at  all. 
It  is  dangerous  to  enter  the  Caisson  after  drinking  intoxicating 
liquors. 

6.  Take  at  least  8  hours'  sleep  every  night. 

7.  See  that  the  bowels  are  open  every  day. 

8.  Never  enter  the  Caisson  if  at  all  sick. 

9.  Report  at  once  to  the  office  all  cases  of  illness,  even  if 
they  occur  after  returning  home. 
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them,  this  paper  would  hardly  be  complete 
-without  giving  the  result  of  our  experience 
in  this  regard. 

On  the  Brooklyn  side  the  men  worked  8 
hours,  in  two  shifts  of  4  hours  each,  down 
to  the  full  depth  of  44.5  ft.,  without  injury. 
On  the  New  York  side  the  time  was  reduced 
to  7.5  hours,  at  45  ft. ;  to  7  hours  at  50  ft. ; 
to  6  hours  at  60  ft. ;  to  5.5  hours  at  70  ft. ; 
to  5  hours  at  71  ft. ;  to  4.5  hours  at  76  ft. ; 
•and  to  4  hours  at  77  ft. 

The  first  fatal  case,  which  was  considered 
fairly  attributable  to  the  compressed  air, 
took  place  at  the  depth  of  75  ft.,  from  con- 
gestion of  the  lungs.  The  man  was  recently 
•employed,  of  very  full  habit,  and  had  work- 
ed but  one  shift  of  2.5  hours.  He  felt  well 
after  coming  up,  but  died  about  an  hour 
afterward.  When  examined  two  days  be- 
fore, his  lungs  were  sound.  What  subse- 
quent exposure  he  may  have  had,  we  do  not 
know.  One  man  died  previous  to  this  of 
cerebro-spinal  meningitis,  and  one  after- 
wards of  Bright's  disease  of  the  kidneys ; 
neither  caused  (although  possibly  hastened) 
by  the  work.  One  other  new  man  died  of 
congestion  of  the  spine,  due,  no  doubt,  to 
the  work.  He  also  was  fleshy,  and,  it  is 
thought,  of  intemperate  habits.  Another 
fatal  case  was  reported,  the  man  having 
•died,  it  is  said,  at  home ;  the  case  is  yet  to 
be  examined.  There  were  perhaps  a  dozen 
cases  of  paralysis  of  considerable  severity, 
but  all  recovered  in  from  three  days  to  three 
weeks.  At  from  50  ft.  depth  to  the  end, 
severe  pains  in  the  legs  and  arms  (called  by 
the  workmen  the  "Grecian  Bend")  were 
frequent,  but  did  not  last  long.  Most  of 
the  cases  were  found  due  to  disregard  of 
some  of  the  rules  of  health,  which  were 
furnished  every  workingman  in  printed 
form.  The  four  rules  certain  to  cause  troub- 
le, when  violated,  were  the  ones  relating 
to  rest,  sleep,  eating,  and  the  state  of  the 
bowels. 

At  an  early  stage  of  the  work  on  the 
New  York  side,  a  physician  was  employed 
to  spend  from  one  to  four  houi\s  per  day  at  the 
pier.  His  visits  were  always  made  in  the 
afternoon,  as  cases  of  sickness  on  the  early 
shifts  were  rare.  At  other  times  the  engi- 
neer on  duty,  or  some  person  under  his 
direction,  attended  to  the  men. 

The  remedies  employed  were  simple ; 
prompt  use  of  ergot  and  morphine  would 
generally  alleviate  pains  in  the  limbs ; 
stimulants  together  with  Jamaica  ginger  were 
given  for  epigastric  pains.    Where  vomiting 


set  in,  and  was  persistent,  the  physician  was 
sent  for,  as  paralysis  frequently  followed.* 

Coffee  was  always  served  to  the  men, 
immediately  after  coming  out  of  the  cais- 
son. Bunks  were  provided  also,  in  which 
all  who  wished,  could  rest.  It  would  have 
been  well  perhaps,  had  the  use  of  these 
been  compulsory,  as  it  was  by  no  means 
general. 

One  important  conclusion  from  the  re- 
cords kept  of  cases,  is  this :  that  the 
greater  number  of  those  who  have  retained 
their  health  throughout  are  wiry,  somewhat 
spare  men  ;  while  most  of  the  sick,  and  all 
who  died,  were  fleshy  men,  of  full  or  large 
size. 

Dr.  A.  H.  Smith,  the  physician  in 
charge,  intends  to  publish  his  observa- 
tions in  full ;  and  will  be  glad  to  receive 
any  information  regarding  similar  work, 
that  he  may  get  all  available  facts  concern- 
ing the  peculiar  symptoms,  sickness  and 
treatment. 

SAND  PUMPS. 

I  have  been  requested  to  give  a  very 
brief  statement  of  experiences  in  well-bor- 
ing,! the  only  thing  new  in  connection  with 
which,  as  practised  on  the  work,  was  the 
method  of  sand-pumping. 

No  difficulty  was  found  in  removing  by 
means  of  the  ordinary  sand-pump,  the  sand 
and  mud  from  the  tube  after  driving,  but 
the  pebbles  being  of  all  sizes  and  ex- 
ceedingly hard,  whenever  a  layer  of  them 
was  reached,  the  progress  was  vexatiously 
slow. 

The  drive  pipe  used  was  6  in.  in  diame- 
ter. The  sand-pump  was  4.5  in.  diameter 
and  5  ft.  long,  with  a  simple  valve  at  the 
bottom  ;  and  when  clean  pebbles  only  were 
in  the  pipe,  would  frequently  come  up  with- 
out anything  in  it.  To  overcome  the  diffi- 
culty I  made  an  ordinary  conical  plunger  of 
leather  fitting  loosely  in  the  pump  and 
attached  to  an  iron  plunger  bar,  heavy 
enough  to  carry  the  apparatus  and  lifting 
rope  promptly  down.  The  pump  and  plun- 
ger were  lowered  together,  and  then,  letting 
the  pump  rest  on  the  bottom,  the  plunger 
was  worked  with  a  sharp,  short  stroke,  of 
course  not  far  enough  to  lift  it  from  the 
pump.  At  the  very  first  trial  of  this  clumsy 
apparatus,  the  pump    came  up  more  than 

*  It  was  found  that  cold  water  poured  on  the  spine,  or  the 
part  affected,  and  followed  by  friction,  was -of  great  benefit  in 
all  the  cases. 

t  As  a  note  to  this  paper,  and  not  read  before  the  Conven- 
tion. 


406 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


half  full  of  pebbles  ;   and  the  same   success 
continued  to  follow  its  use. 

This  result  could  be  reached  more  ele- 
gantly by  having  two  tubes,  each  with  a 
valve  ;  a  foot  valve  at  the  lower  end  of  the 
lower  one,  and  suction  valve  at  the  upper 
end  of  the  upper  one.  These  tubes  could 
be  arranged,  the  upper  to  slide  over  the 
lower,  or  over  an  intermediate  one  to  which 
the  lower  was  attached,  and  all  to  lift  to- 
gether when  the  upper  is  at  the  end  of 
its  upward  stroke ;  a  lifting  rod  heavy 
enough  to  sink  the  rope  promptly  should 
be  attached  to  the  upper  tube.  There  can 
be  no  question  that  such  a  sand-pump  would 
work  well  and  save  an  immense  amount  of 
time  if  the  valves  were  well  arranged.  It 
would  give  a  positive  lift,  directly  into  the 
pump,  in  place  of  an  accidental  deposition 
as  an  effect  consequent  upon  agitating  the 
water  by  churning  the  pump  up  and  down. 
This  device  was  not  tried,  for  the  reason 
that  it  was  not  made  until  the  borings  were 
nearly  completed. 

Mr.  J.  Dutton  Steele :  There  is  one  sub- 
ject I  would  like  to  have  a  little  light 
upon — it  is  this  :  the  depth  to  which  cais- 
sons can  be  sunk  safely  by  using  compres- 
sed air.  During  the  consideration  of  the 
plan  for  the  East  Biver  Bridge,  it  was  esti- 
mated that  the  caisson  should  be  put  down 
as  low  as  105  ft. ;  and  it  was  a  subject  of 
grave  consideration  with  Mr.  John  A. 
Eoebling  and  the  gentlemen  in  consultation 
with  him,  whether  that  depth  could  be 
attained  with  safety  to  the  workmen ;  and 
if  of  delicate  physical  organization,  they 
would  not  be  destroyed  by  the  pressure 
induced.  That  caisson  has  gone  down  80 
ft.,  and  the  result  is  as  feared — the  pressure 
was  hazardous  to  persons  delicately  organiz- 
ed. It  is  stated  that  a  caisson  at  St. 
Louis  has  been  put  down  110  ft.,  which 
indicates  that  30  ft.  deeper  can  be  as  safely 
sunk  there,  as  that  which  has  been  reached 
in  New  York. 

Was  this  depth  of  110  ft.  occasioned  by 
a  temporary  rising  of  the  water,  or  was  it 
a  steady  pressure  ?  An  accurate  knowledge 
of  the  facts  ascertained  is  important,  since, 
as  will  be  seen,  upon  it  depends  our  knowl- 
edge of  the  depth  to  which  we  can  safely 
go  by  compressed  air. 

Mr.  Katte  :  As  my  work  is  entirely  upon 
the  superstructure  of  the  St.  Louis  bridge, 
and  my  observations  of  the  foundations 
were  only  made  at  rare  intervals  when  I 
was  stationed  in  St.  Louis,  I  can  only  state, 


that  as  far  as  my  recollection  goes,  the  great- 
est air  pressure  the  men  were  subjected  to 
in  sinking  the  eastern  abutment — which  is 
the  deepest — was  something  over  50  lbs. 
I  am  aware  there  was  far  less  difficulty  ex- 
perienced from  the  effect  of  the  air  upon 
the  men  in  the  lowest  foundations  than  in 
some  of  the  others.  The  experience  gained 
in  the  mode  of  treating  the  men  in  the 
former  foundations  seems  to  have  been  en- 
tirely efficacious.  I  forget  the  exact  figures 
as  to  depth,  but  I  think  it  was  about  110  ft.,. 
with  a  pressure  of  about  50  lbs. 

Mr.  Collingwood  :  In  the  New  York  cais- 
son, East  River  Bridge,  there  has  been  a 
moderate  amount  of  sickness,  and  one  or 
two  deaths.  The  St.  Louis  caisson  was 
sunk  30  ft.  deeper,  with  similar  results,  in- 
dicating that  still  greater  depths  may  pos- 
sibly be  reached. 

The  law  practically  admitted  in  adjusting 
the  hours  of  labor  in  the  caissons,  both  at 
St.  Louis  and  New  York,  seems  to  be  as 
follows  :  taking  it  for  granted  that  12  hours 
is  the  extreme  time  a  man  can  labor  with- 
out detriment  to  health,  in  an  ordinary  at- 
mosphere ;  then,  with  a  pressure  of  twa 
atmospheres,  or  15  lbs.  additional  pressure, 
he  can  labor  about  one-half  that  time ;  with 
three  atmospheres,  about  one-third  of  that 
time ;  and  with  four  atmospheres,  about 
one-fourth  of  that  time.  In  other  words, 
the  time  is  inversely  as  the  pressures. 

The  men  will  not  be  injured,  provided  a 
proper  time  is  given  them  to  rest.  In  say- 
ing this,  it  does  not  follow  that  men  should 
work  continuously  the  number  of  hours 
thus  indicated ;  experience  shows  the  con- 
trary; and  the  time  of  work  has  invariably 
been  divided  into  two  portions,  with  a  rea- 
sonable interval  between. 

It  seems  that  there  is  a  possibility  of  ac- 
commodating the  men,  in  this  way  to  the  pres- 
sure ;  the  only  difficulty  is,  the  return  to  the 
normal  pressure.  It  is  clearly  the  duty  of 
every  member  of  the  profession  who  has 
anything  to  do  with  such  work,  to  make 
public,  as  far  as  possible,  the  remedies  used 
under  the  circumstances. 

Mr.  McAlpine :  I  think  Mr.  Collingwood 
has  struck  out  an  idea.  The  compressed 
air  acts  as  a  stimulant;  pretty  much  like 
those  commonly  used,  and  is  ultimately  ex- 
hausting. I  fancy  that  is  precisely  the  ex- 
planation of  its  effects.  With  one  atmos- 
phere a  man  may  work  12  hours;  and  with 
an  increased  pressure  the  number  of  hours 
must  be  diminished.     I  myself  have  been 
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stimulated  under  this  pressure,  almost  as  if  i  the  slightest  inconvenience,  except  when 
I  had  taken  laughing-gas.  With  workmen  the  pressure  was  put  upon  them  too  sud- 
whom  I  employed  during  a  period  of  eight  |  denly.  By  gradually  increasing  the  pres- 
months  under  a  pressure  of  from  one  to  five  I  sure  no  unpleasant  effects  were  present  or 
atmospheres,  there  was  nothing  that  caused  |  visible. 


MOUNTAIN  BAILWAYS. 

From  "  Engineering." 


The  time  has  long  since  passed  when 
railways  were  considered  luxuries  adapted 
only  for  comparatively  level  tracts  of  coun- 
try, or  for  districts  through  which  it  would 
pay  to  form  a  line  with  very  moderate  gra- 
dients by  the  execution  of  expensive  tun- 
nels, cuttings,  or  earthworks.  Now  engi- 
neers do  not  hesitate  to  lay  out  railways 
across  mountainous  districts  in  which  pre- 
viously even  roads  were  almost  unknown, 
and  so  long  as  a  reasonable  amount  of 
traffic  is  likely  to  be  forthcoming,  capital- 
ists are  to  be  found  who  are  willing  to  ad- 
vance the  means  for  making  such  lines 
substantial  realities.  In  central  and  north- 
ern Europe,  in  Spain,  in  India,  and  in 
America,  both  north  and  south,  mountain 
ranges  have  already  been  scaled  by  the  iron 
road,  and  every  day  the  locomotive  is  mak- 
ing its  way  through  the  regions  of  cloud- 
land  at  elevations  unthought  of  some  thirty 
years  ago.  Thus,  in  Peru,  the  Cordilleras 
are  crossed  by  a  railway  at  an  elevation  of 
12,200  ft.,  while  the  summit  level  on  the 
Lima  and  Oroya  line,  now  in  progress,  will 
be  still  higher,  namely,  15,000  ft.  above 
sea  level. 

Notwithstanding  the  experience  already 
gained  in  mountain  railways,  however,  it 
cannot  be  said  that  the  best  system  of 
working  such  lines  has  been  thoroughly  de- 
termined upon.  We  are  quite  aware  that 
the  great  variations  in  the  character  of  the 
traffic  and  in  the  nature  of  the  country  to 
be  traversed  prevent  any  single  system 
from  being  applicable  in  all  cases ;  but 
what  we  wish  to  point  out  is,  that  even  in 
cases  where  the  circumstances  are  practi- 
cally identical  the  best  mode  of  laying  out 
and  working  a  mountain  line  is  far  from 
being  universally  agreed  upon. 

Broadly  speaking,  mountain  railways 
may  be  divided  into  two  great  classes,  the 
first  comprising  those  lines  which  cross  a 
mountain  range  dividing  two  level  districts 
from  each  other ;  and  the  second  consisting 
of  those  railways  which   connect   a  hill  dis- 


trict or  elevated  plateau  with  the  plains  be 
low.     In  the  case  of  lines  of  the  first  class, 
the  exchange  of  traffic  is  as  a  rule  almost 
entirely  between  the  two  low-level  countries, 
the  hill  districts  furnishing  but  an   insig- 
nificant portion  of  the  whole.     Under  these 
circumstances  it  is   evident  that  practically 
the  whole  of  the  tonnage  transported  has  to 
be  lifted  to  the  summit  level  and  lowered 
again,  and  if  the    traffic  is  important  the 
expense  of  doing  this  becomes  so  great  as 
to  warrant  the  expenditure  of  large  sums 
to  reduce  the  summit  level  by  resorting  to 
tunnelling.    Such,  for  instance,  has  been  the 
case  at  the  Mont  Cenis,  while  in  the  case  of 
the  St.  Grothard  similar  considerations  have 
led  to  the  adoption  of  a  tunnel  for  that  fine 
also.     We  thus  see  that  in  the  case  of  rail- 
ways of  the  first-mentioned  class  the  height 
of  the  summit  level  in  any  given  instance — 
and  consequently  the  amount  of  climbing 
to  be  done — is  determined  by  the  nature  of 
the  traffic,  the  heavier  that  traffic  the  lower 
being  the  level  to  which  it  will  pay  to  re- 
duce the  summit  by  resorting  to  tunnelling. 
In   the  case  of  railways  of  the   second 
class,    the    circumstances    are     materially 
different.     If  the  traffic  has  to  be  conducted 
between  a  low-lying  country  and  a  hill  dis- 
trict  situated,  say,    some   5,000   ft.    above 
it,  all  goods  passing  from  the  lower  to  the 
higher  level  must  necessarily  be  lifted  this 
5,000  ft.,  and  all  that  can  be  done  by  resort- 
ing: to  tunnelling  or  heavy  works  is  to  ob- 
tain  favorable   gradients,   and  to  avoid,  as 
far  as  possible,  any  intermediate  rises  and 
falls  between  the  upper  and  lower  termini. 
As  a  rule,  also,  when  high  and  low  level 
districts    are   connected   by  a  railway,  the 
heavy    traffic   is    down  hill,    and    consists 
chiefly  of  mineral    products.     There   may 
be,  of  course,  exceptions  to  this  rule,  but  it 
is  one  which  very  generally  applies. 

In  may  be  noticed  here  that,  although  in 
working  both  classes  of  lines  it  is  important 
to  reduce  the  dead  weight  of  the  rolling 
stock  to   the    lowest   possible  amount,   yet 
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that  this  reduction  has  especial  importance 
in  the  case  of  lines  of  the  second  class. 
Thus,  for  instance,  in  the  case  of  lines  on 
which  the  trains  ascend  loaded,  a  reduction 
of*  25  per  cent,  in  the  dead  weight  of  the 
vehicles  may  effect  a  reduction  of  some  10 
or  12  per  cent,  only  in  the  gross  weight  of 
the  trains  hauled  by  the  engines,  whereas 
in  the  case  of  a  line  of  the  second  class,  in 
which  the  trains  ascend  almost  empty,  a  re- 
duction of  25  per  cent,  in  the  dead  weight 
may  reduce  the  gross  weight  of  train  haul- 
ed some  20  per  cent.,  or  even  more,  and 
may  thus  effect  a  proportionate  reduction  in 
the  engine  power  required. 

Of  the  various  modes  proposed  for  work- 
ing mountain  railways  we  do  not  hesitate 
to  say  that  none  yet  tried  have  on  the  whole 
given  such  satisfactory  results  as  the  em- 
ployment of  the  locomotive.  In  saying  this, 
however,  we  are  quite  ready  to  admit  that 
exceptional  circumstances  sometimes  occur 
under  which  it  is  advisable  to  abandon  the 
ordinary  locomotive  in  favor  of  other  ar- 
rangements. Thus,  in  the  case  of  the 
Mount  Washington  and  Rigid  lines,  where 
it  was  desirable  to  be  able  to  surmount 
gradients  as  steep  as  1  in  3  and  1  in  4,  the 
adhesion  of  plain  wheels  on  the  rails  would 
have  been  useless,  and  the  plan  of  employ- 
ing a  rack  geared  into  by  a  spur  wheel  on 
the  locomotive  was  adopted  with  advantage ; 
while  in  the  case  of  the  San  Paulo  line, 
where  a  lift  of  2,250  ft.  had  to  be  overcome 
in  a  distance  of  about  5  miles,  we  consider 
that  the  engineer,  Mr.  Brunlees,  exercised 
a  wise  discretion  in  resorting  to  rope  haul- 
age. We  believe,  in  fact,  that  rope  haulage 
might,  with  material  advantage,  be  em- 
ployed on  mountain  lines  to  a  far  greater 
extent  than  has  hitherto  been  the  case. 
The  plan  of  hauling  trains  up  inclines  by 
means  of  ropes  worked  by  stationary  en- 
gines has  hitherto  been  regarded  with  no 
very  favorable  eyes  by  railway  engineers, 
and  it  is  true  that  the  results  obtained  in 
many  instances  where  the  system  has  been 
tried  have  not  been  such  as  to  gain  it  an 
unexceptionable  character.  We  consider, 
however,  that  to  a  great  extent  this  result 
is  not  so  much  due  to  the  inherent  defect  of 
the  system  as  to  the  unfavorable  circum- 
stances under  which  it  has  been  tested.  A 
winding  rope  gives  the  best  results  when 
acting  vertically,  just  as  a  locomotive  works 
to  greatest  advantage  on  a  level  line,  and 
according  to  the  inclination  of  the  line  of 
haulage  so  will  the  balance  of  advantages 


be  in  favor  of  the  rope  or  locomotive  re- 
spectively. To  get  the  full  advantage  of  the 
rope  the  lift  should  be  made  as  steep  and  as 
straight  as  possible,  and  should,  as  far  as 
circumstances  will  allow,  be  concentrated  at 
one  point.  Of  course  with  very  steep  lifts 
special  arrangements  for  carrying  the  or- 
dinary rolling  stock  will  be  needed  ;  but 
even  with  the  steepest  lifts  there  would  be 
no  mechanical  difficulty  in  insuring  perfect 
security  for  the  trains  during  either  their 
ascent  or  descent.  If  railway  engineers  would 
bear  in  mind  the  millions  of  tons  of  materi- 
als raised  annually  from  our  collieries,  and, 
on  the  whole,  the  comparatively  few  acci- 
dents which  occur  to  winding  machinery, 
even  under  management  which  not  unfre- 
quently  errs  on  the  side  of  recklessness, 
they  would,  we  think,  have  more  faith  in 
rope-worked  lifts  for  mountain  railways. 

Setting  aside  the  special  circumstances  to 
which  we  have  adverted,  however,  there  can 
be  no  doubt  that  the  locomotive  in  some 
form  or  other  offers  practically  the  best 
means  for  working  mountain  lines  at  pres- 
ent devised.  We  believe  that  there  are 
very  few  mountain  ranges  on  which  a  line 
having  gradients  of  a  steepness  not  exceed- 
ing 1  in  20  cannot  be  laid  down,  and  when- 
ever such  a  line  is  to  be  worked,  we  should 
prefer  trusting  to  the  adhesion  of  a  smooth 
wheel  on  a  smooth  rail  rather  than  resort  to 
any  more  complicated  expedient.  In  coun- 
tries where  fuel  is  dear,  or  water  scaree,  it 
is,  however,  particularly  desirable  to  obtain 
the  flattest  gradients  possible  in  order  to 
reduce  the  amount  of  locomotive  power  re- 
quired to  perform  a  given  quantity  of  pay- 
ing Avork.  How  important  an  influence  the 
steepness  of  the  gradient  exercises  on  this 
matter,  a  very  little  consideration  will  show. 
Let  us,  for  instance,  for  the  sake  of  simplic- 
ity, disregard  all  frictional  resistances,  and 
suppose  the  work  to  be  done  to  consist  only 
in  overcoming  the  action  of  gravity,  and  let 
it  be  further  assumed  that  with  efficient 
sanding  apparatus,  an  adhesion  of  one-fifth 
can  at  all  times  be  secured.  Also  let  the  gross 
weight  of  engine  and  train  to  be  taken  up  be 
in  all  cases  100  tons.  Then,  on  an  incline  of  1 
in  50,  the  resistance  to  be  overcome  would 
be  2  tons,  and  the  adhesion  weight  required 
10  tons,  or  10  per  cent,  of  the  gross  load  ; 
on  1  in  40  the  resistance  would  be  21  tons, 
and  the  adhesion  weight  necessary  12^ 
tons ;  on  1  in  20  there  would  be  5  tons  re- 
sistance, requiring  an  adhesion  weight  of 
25   tons  ;   while   on   1  in  10  the  resistance 
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would  be  10  tons,  requiring  an  adhesion 
weight  of  -50  tons,  or  half  the  gross  load.  It 
will  be  seen  from  this  that  so  long  as  the 
adhesion  weight  available  is  simply  that  of 
the  locomotive,  the  percentage  of  paying 
load  which  it  is  possible  to  take  up,  dimin- 
ishes very  rapidly  as  the  steepness  of  the 
gradients  is  increased,  and  hence,  in  many 
cases,  commercial  considerations  would  im- 
pose a  limit  on  the  steepness  of  gradients 
permissible  considerably  within  that  ren- 
dered necessary  by  mechanical  reasons. 

But  there  is  really  no  reason  why  the 
adhesion  weight  available  should  be  limited 
to  that  of  the  locomotive.  Long  ago  M. 
Eugene  Flachat  proposed  the  plan  of  fitting 
each  vehicle  of  a,  mountain  train  with  a 
cylinder  supplied  with  steam  from  the  en- 
gine boiler,  the  piston  of  this  cylinder 
driving  one  pair  of  wheels  direct,  so  as  to 
render  a  portion  of  the  weight  of  each 
carriage  available  for  adhesion.  M.  Fla- 
chat's  plan  has  never  been  brought  into 
regular  practical  operation,  but  it  has  cer- 
tain good  features,  and  we  believe  that  in  a 
modified  form  it  will  yet  be  employed.  To 
insure  its  success,  however,  it  must  be 
adopted  in  a  form  differing  considerably 
from  that  proposed  by  its  originator,  and  in 
particular  two  important  conditions  must  be 
satisfied.  The  first  of  these  conditions  is 
that  the  train  shall  be  hauled  at  a  very 
low  speed,  while  the  second  is  that  a  high 
speed  shall  be  secured  for  the  pistons  of 
Avhat  we  may  term  the  auxiliary  cylinders. 

The  amount  of  adhesion  which  any  given 
locomotive  boiler  power  is  capable  of  using 


up  depends  entirely  upon  tho  speed  at 
which  the  engine  travels.  Thus,  if  by  the 
evaporation  of  a  given  quantity  of  water 
per  unit  of  time  an  adhesion  weight  of  30 
tons  can  be  utilized  when  travelling  at  a 
speed  of  10  miles  per  hour,  then  if  the 
speed  be  reduced  to  2  miles  per  hour,  it  will 
be  possible,  by  the  same  expenditure  of 
steam,  to  use  up  an  adhesion  of  150  tons. 
In  order,  therefore,  that  the  auxiliary  cyl- 
inders applied  to  the  carriages  of  a  moun- 
tain train  may  be  supplied  with  steam  from 
a  boiler  of  moderate  dimension,  it  is  abso- 
lutely essential  that  a  very  slow  speed  should 
be  resorted  to,  and  on  the  majority  of 
mountain  railways  this  slow  speed  would, 
we  believe,  be  no  serious  disadvantage. 

Again,  the  carrying  wheels  of  the  train 
making  but  few  revolutions  per  minute,  it  is 
desirable,  in  order  that  the  requisite  power 
may  be  developed  without  employing  large 
cylinders  and  heavy  moving  parts,  that  a 
comparatively  high  piston  speed  should  be 
employed  in  the  auxiliary  cylinders.  This 
means  that,  instead  of  driving  the  carrying 
wheels  direct,  as  proposed  by  M.  Flachat, 
the  auxiliary  cylinders  should  communicate 
motion  to  these  wheels  by  gearing.  By 
adopting  this  system  the  auxiliary  cylinders 
could  be  made  of  very  moderate  dimensions. 
It  may  be  noted  here  that  the  auxiliary  en- 
gines on  the  carrying  vehicles,  would  not 
require  to  be  fitted  with  reversing  gear,  as 
they  would  only  be  used  on  the  gradients, 
and  be  run  in  one  direction.  On  the  level 
portion  of  the  line  the  train  would  be  under 
the  command  of  the  locomotive. 


IRON  PIERS  IN  SCOTLAND. 


From  "  The  Mechanics'  Magazine.' 


On  the  Clyde,  an  iron  pier  has  been 
erected  at  Carradale,  on  the  Campbeltown 
passage,  which,  in  respect  of  its  novel  con- 
struction, merits  description.  The  piling 
consists  of  old  rails  with  a  large  cast-iron 
disc  or  shoe  attached  to  their  under  part, 
sunk  to  the  required  depth  solely  by  their 
own  weight,  the  displacing  of  the  sand 
being  effected  by  means  of  a  water-jet.  The 
pierhead,  which  is  25  ft.  wide,  consists  of 
three  rows  of  piles,  braced  and  cross-braced 
by  horizontal  struts  and  girders,  to  which 
the  fenders  are  fixed  ;  and  the  piles  alter- 
nate so  as  to  distribute  any  strain  to  which 
the  structure  may  be  exposed.     The  gang- 


way leading  to  the  pierhead  has  a  floor  of 
6-in.  planking,  and  is  formed  by  3^  iron 
arches  with  spans  of  10  ft.  The  chief  pier- 
head is  constructed  in  two  separate  floors, 
one  being  4  ft.  lower  than  the  other,  and 
connected  by  a  ramp  at  the  back. 

At  Brodick  also  (Island  of  Arran),  another 
iron  pier,  similar  in  design  to  the  above,  is 
being  erected.  This  iron  pier  is  in  a  for- 
ward state,  and  is  expected  to  be  finished 
for  the  summer  traffic.  The  chief  recom- 
mendation of  these  iron  structures  is  their 
great  durability,  without  greater  cost  than 
similar  erections  in  wood. 

An  iron  pier  is  also  in  course  of  construe- 
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tion  on  the  Greater  Cumbrae,  four  miles 
east  of  Bute,  and  two  west  of  Largs.  The 
pier,  which  was  commenced  in  July  last 
and  is  now  on  the  eve  of  completion,  is  275 
ft.  long  and  18  ft.  broad,  widening  out  at 
the  seaward  end  to  a  T-shaped  head,  80  ft. 
by  25,  for  the  convenience  of  vessels  lying 
alongside.  The  structure  rests  on  cast  iron 
piles  screwed  in  some  cases  and  driven  in 
others(according  to  the  stratification)  from 
5  to  6  ft.  into  the  ground.  These  are  placed 
in  pairs  at  a  distance  of  18  ft.  apart,  and 
are  strongly  braced  together  transversely. 
On  the  top  of  each  pair  of  supports  are 
placed  cast-iron  transverse  girders,  on 
which  rest  wrought-iron  continuous  lattice 
girders  4  ft.  deep,  that  support  the  roadway, 
and  also  form  the  parapet  to  the  pier.  The 
roadway  is  of  timber  laid  on  rolled  iron 
joists,  which  are  riveted  to  the  under  side  of 
the  main  lattice  girders.  The  piles  at  the 
head  are  of  wrought-iron,  7  in.  diameter,  in 
four  segments,  firmly  riveted  together  at 
flanges ;  and  in  four  cases  these  are  carried 
up  above  the  platform  to  form  supports  for 
cast-iron  mooring  bollards.  The  lattice 
parapet  is  not  carried  round  the  head,  but 
the  platform  is  here  supported  from  under- 
neath on  rolled  joists.  Fender  piles  and 
wallings  of  American  elm  are  placed  in  front 
of  each  seaward  pile  at  the  head. 


In   the   construction  of  Toward  Pier,  in 

1863,  various  experimental  piles  were  driven, 

for  the  purpose  of  testing  the  sort  of  timber 

that  could  best  withstand  the  action  of  the 

teredo   navalis,  the  limnoria  terebrans,  and 

other    marine    insects.       These    comprised 

Bethel's    patent    creosoted    timber    piles ; 

others  clad  with  copper,  zinc,  and  Muntz's 

patent  sheathing  ;  Quebec  red  pine  covered 

I  with  wrought-iron  pile  nails  about  1  in.  eq. 

j  on  head,  |  in.  thick,   and  weighing  about 

i  3   lbs.   per  sq.    ft.    of  timber ;    larch  with 

I  the  bark  on  ;  greenheart  and  elm  fenders. 

|  The   result   was   that   the    elm   was  eaten 

j  through  in  about  four  years,  or  at  the  rate 

j  of  1  in.  per  annum ;  the  larch  stood  about 

;  seven  years ;  the  Quebec  red  pine,  without 

!  protection,  lasted  for  nearly  the  same  period, 

while  that  creosoted  remains  still  uninjured, 

j  together  with  the  greenheart  and  the  piles 

covered  with  the  sheathing  and  nails.     The 

Toward     Pier,     during    its    erection,    was 

an     object    of    some    interest.      The    site 

being   openly   exposed    to    the    cross    seas 

of  the    firth,   not   a  few  doubted  whether 

the   structure  could    have   stability,   but  it 

has   proved   to    be    durable.       The    length 

of  its    masonry    approach    is    85    ft.  ;     of 

timber   bridge    260    ft.,  by    16    ft.    broad; 

length    of  pierhead    126    ft.,   and   breadth 

25  ft. 


PILLARS  vs.  LONG  WALLS  AS  SUPPORTS  IN  MINES.- 


From  the  "  Mininar  JuvumuI." 


In  dealing  with  the  various  modes  of 
working  the  stratified  deposits,  we  have 
looked  at  pillar  working  and  the  various 
modifications  of  that  system,  leading  us  to 
a  principle  of  working  by  which,  in  the  im- 
mediate neighborhood  of  the  men  at  work 
on  the  face  of  the  coal,  the  roof  is  allowed 
to  break  in,  and  it  is  necessary  for  the  men 
to  protect  themselves  by  packing  and  tem- 
porary walling,  composed  of  broken  mate- 
rial from  the  roof  or  partings.  Notwith- 
standing pillar  working  produces  open 
spaces  in  which  fire-damp  may  accumulate, 
that  mode  of  working,  or  modifications  of 
it,  is  employed  not  only  in  our  northern 
coal  fields,  but  in  various  other  districts  of 
England,  as  well  as  on  the  Continent. 
When  we  remember  the  simplicity  of  its 
commencement — driving  a  board  or  stall  to 

*  From  a  lecture  before  the  Royal  School  of  Mines. 


enable  the  men  to  work  forward  with  safety., 
and  then  leaving  a  pillar  between  that  and 
the  next  stall,  the  principle  seems  so  con- 
venient and  natural  that  we  do  not  wonder 
it  should  arise  in  various  districts,  indepen- 
dently of  one  another.  The  mode  of  long- 
wall  working  is  distinctly  contrary  to  pillar 
working  in  all  the  more  important  features. 
It  aims  from  the  commencement  at  the  re- 
moval of  the  whole  of  the  useful  material, 
or  such  a  large  proportion  of  it,  that  no 
attempt  is  made  to  sustain  the  roof  with 
any  pillars  at  all.  The  men  are  pro- 
tected close  to  the  face  of  the  working,  and 
allow  the  roof  to  fall  behind  them,  upon  the 
refuse  they  have  thrown  there.  This 
method  is  well  seen  in  Staffordshire,  where 
the  flat  measures  are  laid  out  in  a  wide  and 
artificial  manner,  but  where  the  workings 
are  extended,  so  as  to  be  called  long  wall — 
a  method  of  the   highest  importance,  arid 
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one  greatly  used  in  this  country,  chiefly  in 
Derbyshire,  Leicestershire,  Shropshire,  and 
parts  of  Lancashire.     There  are  modifica- 
tions in  practice  in  other  parts  of  England, 
and  in  Scotland.     By  this  method  they  are 
enabled  in  Somersetshire  to  work  seams  of 
coal  of  wonderful  thinness — no  more  than 
12  or  14  in.  thick — with  advantage.    Again, 
long  wall  is  worked  in  a  number  of  foreign 
districts,  modified  occasionally  by  difficulties 
of  roof  and  floor,  and  in  Belgium,  the  North 
of  France,  Westphalia,  and  Saxony,  by  the 
high  angle  of  inclination  at  which  the  seams 
are  titled.  In  fact,  the  system  is  not  limited 
to  any  district.       It  is  a  question,  however, 
whether  it  is  not  a  method  capable  of  being 
applied    in    more    instances,     and     where 
hitherto  it  has   not  been  known ;  and  the 
system  is  now  occupying  the   attention  of 
mining  engineers,  and  making  its  way  into 
districts  where  till  lately  it  was  but  little 
understood.       This    system  of  getting   the 
whole  of  the  coal  and  leaving  no  pillars  is 
best  applied  where  the  beds   are  favorably 
placed,  and  where  the  conditions  are  suit- 
able.    Take,  for  instance,  beds  of  ironstone, 
in  getting  which  a  great  portion  is  to  be  left 
behind  as  refuse,  and  which  being  placed 
properly  in  the  gob,  the  roof  is  not  let  down 
to  any  great  extent.     In  some  instances,  in 
beds  of  coal  or  ironstone  of  moderate  thick- 
ness, the  long  wall  method  may  be  applied, 
even  where  there  is  little  refuse  with  which 
to  pack  the  empty  spaces.      In  kirving  coal 
there  is  always  an  amount  of  refuse  to  put 
in  the  gob,  which  assists  to  keep  up  the 
roof;  but  the    presence  of   a  great  deal  of 
rubbish   is    a  great    advantage   when   the 
seams  are  of  more  than  average  thickness. 
I  am  speaking  of  seams  not  exceeding  10 
ft.  in  thickness  ;  anything  beyond  that  has 
to   be   wrought   by   special   means.      The 
principle  of  long  wall  working  is  very  easily 
explained.       Around  the  foot  of  the  shaft 
(referring  to  the  plan  of  a  Scotch  colliery) 
a  large  body  of  unwrought  coal  is  left,  and 
a  couple  of  levels    are  driven  out  on   the 
breadth  of  the  coal  (the  levels  in  other  work- 
ings being  on  the  rise),  and  taking  the  coal 
between  them  in  a  stope-like  form.     And  so 
in  another  diagram  the  workings  are  on  the 
ascent  or  rise  of  the  coal,  and  a  drift  is  run 
out,  which  leads  to  a   second  pit,  which  is 
used  for  ventilation.      The  roof  is  kept  up 
behind  the   men  working   on  the  face  by 
means  of  props  behind  them. 

It  has  been  suggested  that  the  putting  in 
of  props  should  be   enforced  by  legislative 


enactment,  and  that  no  roof  should  be  left 
unpropped  for  more  than  a  certain  distance  ; 
but  having  visited  a  great  number  of  mines, 
I  am  strongly  of  opinion  that  any  such  en- 
actment would  be  unwise,  not  to   say  futile 
and   useless.     The    nature    of  roofs  differs 
so  materially    in    different    districts,    and 
sometimes  in  the  same  mines.     Very  often 
the  men  can  work   for   a    considerable  dis- 
tance with  perfect    security,  while  in  other 
places  a  great  many  props  have  to  be  put 
in.     Sometimes  a  roof  will  exhibit  a  num- 
ber of  circles,  which  are,  in  fact,  the  stems 
of  fossil  trees  (Sigillaria)   changed  to  hard 
shale  or    sandstone,     or   not    unfrequently 
ironstone,   and,  being  of  conical  form  and 
smooth  surface,  are  apt  of  to  fall  without  a 
moment's  notice,    and  crush    all  beneath  ; 
and  whenever  this  formation   is  observed, 
a  prop  ought  immediately  to  be  put  under 
it.     Suppose,  however,  we  have  an  average 
kind  of  roof,  there  would  be  no  special  diffi- 
culty, and  the  props  may  be  placed  8  or  10 
ft.  asunder,   and  on    two   rows    alternately, 
thus '.•.'.".■.     The  roof  at  the   back  of  this 
will  come  down  at  shorter  or  longer  intervals 
after  the  working  of  the  coal,  and  the  re- 
fuse and  smalls  will  often  be  several  feet  in 
height,  and  fill   up   half  the  place.     As    a 
general  rule,  the  roof  breaks  down  not   far 
behind  the  last  row  of  props.     The   props 
themselves  will  for  a  long  time  be  fit  when 
taken  from  behind  to  set  up  again  in  front, 
but  the  lid-pieces  are   frequently  smashed 
by  the  pressure.     Working  on  the  face  in 
front  of  the  protecting  props,    the    miners 
complete  the  holing  of  the  coal,    and  then 
the  pressure  will   often   cause   it   to    come 
down  of  itself,    or   it  is    broken  down  by 
wedges,  or  gunpowder,  or  hydraulic  force. 
and  it  would  be  well  if  the  latter  were  more 
frequently  employed.       The    coal    having- 
been  brought  down,  it  is  removed,  and  then 
the  men  take  down  the  back  row  of  props,, 
and  set  them  in  front  on  the  face  of  the  coal. 
The  removal  of  the  props   is   a  matter    of 
some  danger,  and  has  to  be  performed  with 
judgment  and  quickness.     They  are  gener- 
ally pulled    away  by    a    chain    or    a  rope 
fastened  around  each  one  near  the  foot,  and 
sometimes,  when  the  pressure  aloft  has  been 
great,  it  is  necessary  to  dig  around  the  foot,, 
and  loosen  it.     There  are,   however,   cases 
in  which  no  amount  of  propping  is    enough 
to  keep  the  men  in  real   security ;  hence    a 
plan  has  come    into  use    in   the    North  of 
England  of  building  up  pillars  of  chocks  or 
nogs   of  timber,  in  pieces  from  2  to  -h  ft- 
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long  by  2  or  3  in.  sq.  These  pillars  are 
found  to  be  exceedingly  strong,  and  capable 
of  sustaining  a  heavy  roof  pressure  better 
than  props,  which  are  frequently  driven  by 
the  weight  into  the  soft  floor.  This,  in  a  few 
words,  is  the  principle  of  advancing  the  face 
of  coal,  whether  that  face  runs  in  a  long  con- 
tinuous line,  or  whether  it  is  arranged  in 
steps ;  and  in  Leicestershire  the  system  is 
■carried  out  with  great  success  with  working 
faces  from  300  to  800  yards  in  length. 

I  will  say  a  word  or   two    more    on  the 
subject  of  the  boundary.     If  is,   as  I  have 
before  said,  important  whether  the  work  is 
carried  from  the  centre  outwards,  or  whether 
a  pair  of  levels  is  driven  out  to  the  bound, 
and  the   mass  worked  by    "  bringing   the 
coal  back,"    as  it  is  called.     According    to 
choice  made  of  these  two  plans  the  arrange- 
ment of  the  roads  will  be  governed.     If,  as 
the  work  proceeds,  we  go  further  from  the 
centre,   we  shall  have  to  keep  up  the  com- 
munication by  means  of  branches    or  par- 
rallel  roads  ;  and  the  way  of  doing  this  is  by 
packing  the  refuse    material,   and   forming 
•walls  from  6  ft.  to  12  ft.  in  thickness,  and 
putting  them  in  all  shapes,   so   as  to  make 
the  roof  rest  upon  them.     In  this  way  the 
Toads  are  kept   open  through  the   goaf  or 
gob.     The  pressure  of  the  superincumbent 
weight  makes  the  floors  of  these  roads  puff 
up,  sometimes  to    a   great   extent,  and  the 
•creep  has  continually  to  be  cut  away.  After 
a  short  time  the  roof,   as  well  as    the  floor, 
will  encroach  on  it,  involving  the  continual 
employment  of  men  to  re-lay  the  rails   and 
to  cut  away  the  roof,  so  as  to  keep  it  suitable 
for  the  passage    of  horses  and  other  traffic. 
Sometimes  it  is  found   necessary   to  adopt 
the  raised  floor,  and  then    a   good   deal  of 
over-cutting  will  be  required  to  obtain  suffi- 
cient head  room.     In  many  cases  within  a 
very  short  time,  the  pack   walling    may  be 
pressed  into  a  third  of  the  height  it   origi- 
nally had,  and  it  will  be  so  squeezed  down  as 
to  be  a  source  of  contant  danger.     The  ex- 
pense, therefore,  of  keeping  open  these  roads 
is  considerable,  and  must  always  be  kept  in 
view  when   the    question    arises   as  to  the 
plan   of  working   to   be    decided   on.      In 
Staffordshire  they  have  a  system  of  leaving 
a  certain  thickness    of  coal   alongside   the 
levels  to  keep  them   in   good   condition   as 
travelling   roads ;  and    their   lines  of  road 
will  be  carried  to  the  face  of  the  work  only 
when  necessary,    and  no  more    be    put   in 
than  is  sufficient  to  bring  away  the  material; 
the  necessity  of  seeing  that  the  walls,    or 


ribs  of  coal,  do  not  at  any  point  give  way 
being  imperative.  Where  there  is  only  a 
moderately  good  roof,  the  coal  is  brought 
along  the  face  in  hand-wagons,  pu.sh.ed  by 
boys,  until  the  road  is  reached,  when  it  is 
then  passed  along  to  the  shaft.  When  the 
roof  is  especially  good,  and  they  are  ena- 
bled to  lay  down  rails  and  put  on  tram- 
wagons,  the  work  is  greatly  facilitated,  and 
they  are  enabled  to  convey  the  coal  along 
the  face  so  economically  that  it  is  not  neces- 
sary to  have  the  roads  so  close,  and  they 
may  be  even  as  much  as  30  and  40  yards 
apart.  In  cases  of  this  kind,  long  wall 
working  is  by  for  the  most  advantageous. 
At  Hetton,  where  the  works  were  laid  out 
at  first  on  the  post  and  stall  plan,  the  pillars 
are  got  by  the  long  wall  system  ;  otherwise 
it  would  be  a  most  expensive  operation  to 
move  the  coal  from  the  face  of  the  roads, 
which  are  by  this  plan  only  12  or  II  yards 
apart.  The  arrangement  of  the  workings 
then  will  be  found  to  vary  somewhat  ac- 
cording to  circumstances,  the  principle 
remaining  the  same  ;  and  much,  therefore, 
will  depend  upon  the  experience  and  judg- 
ment of  the  manager,  who  ought  to  be  con- 
versant with  all  variations  which  have  been 
proved  to  be  best  for  economy  and  security 
at  the  same  time. 

What  is  called  "  broad  working  "  is  only 
another  form,  which  can  scarcely  be  called 
a  modification  of  the  long  wall  system,  al- 
though an  important  one.  The  pits  being 
sunk,  levels  are  driven  out  to  the  boundary, 
and  the  coal  being  got  adjacent  to  that  line 
it  is  brought  back  to  the  shaft.  In  this 
plan  there  is  a  great  advantage  in  leaving 
all  the  worked-out  ground  behind,  and  as 
the  gas  has  a  tendency  to  rise  by  its  speci- 
fic lightness  it  passes  into  the  goaf,  and  is 
got  rid  of  in  the  innumerable  vacant  spaces 
which  are  left  in  the  broken  material.  In 
other  systems  the  goafs  containing  these 
dangerous  reservoirs  of  explosive  gases 
must  be  continually  traversed,  while  by 
this  plan  they  are  all  left  behind.  Again, 
the  only  roads  to  be  kept  up  are  the  narrow 
exploring  drifts  to  the  boundary,  which  be- 
ing in  the  solid  coal  do  not  require  any  of 
the  great  expenditure  required  by  the  con- 
stantly changing  character  of  the  goaf  in 
the  maintenance  of  gob-roads.  Wherever 
this  plan  can  be  carried  out  it  will  be  found 
to  have  many  advantages,  particularly  that 
of  being  very  economical  so  far  as  the 
working  and  maintaining  of  the  roads  are 
concerned,  and  also  that  of  2Teater  securitv, 
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inasmuch  as  the  worked  ground  is  left  be- 
hind in  a  condition  in  which  it  can  do  no 
harm.  There  is,  however,  one  palpable 
objection  to  it — that  after  sinking  shafts 
and  putting  up  engines,  particularly  if  the 
district  to  be  worked  be  large,  shareholders 
will  generally  be  unwilling  to  wait  until 
drifts  are  carried  to  the  farther  end  of  the 
ground.  Sinking  the  shaft  alone  may  oc- 
cupy two,  or  three,  or  four  years,  and  then 
driving  out  levels  of  such  a  length  may 
take  some  years  more.  So  that  if  the  lease 
be  for  (say)  21  years  no  man  in  his  senses 
would  defer  getting  coal  for  so  long  a  pro- 
portion of  the  time,  as  the  period  left  would 
be  too  short  for  him  to  recoup  himself. 
Men  are  obliged,  therefore,  in  self-defence 
to  begin  getting  coal  for  the  market  as  soon 
as  they  can  after  starting  from  the  bottom 
of  the  shaft.  To  that  reason  may  be  at- 
tributed the  objectionable  plan  of  opening 
large  spaces  near  the  shafts,  and  consider- 
ations of  this  sort  militate  against  the 
theoretical  completeness  and  advantages  of 
working  back  from  the  boundary. 

There  are  several  modifications  of  these 
forms  of  working  which  are  well  worth  no- 
tice ;  such,  for  instance,  as  when  stone- 
work arching  may  be  employed  to  protect 
the  roadways.  This  is  notably  the  case  in 
South  Wales,  where  it  answers  admirably, 
the  only  drawback  being  the  great  expense 
of  it.  Many  cases  occur  in  that  district 
where  the  best  timbering  cannot  be  main- 
tained for  any  length  of  time,  and,  there- 
fore, arching  is  found  to  be  absolutely  ne- 
cessary. Some  modifications  have  been 
tried  in  the  North  of  England  during  the 
last  20  years,  but  they  have  been  very  suc- 
cessful in  all  districts.  The  long  wall  plan 
has  latterly  been  adopted  at  the  Monk- 
wearmouth  Colliery,  upon  the  celebrated 
Hutton  seam.  The  shaft  there  is  280 
fathoms  deep,  and  the  temperature  being  80 
deg.,  the  difficulties  of  working  are  con- 
siderable ;  but,  nevertheless,  this  system 
has  been  applied  with  success.  Parallel 
roads  are  driven  30  yards  asunder,  and  these 
roadways  are  2  yards  wide,  kept  open  and 
secured  by  pack  walls.  Thus,  there  is 
never  more  than  14  yards  to  carry  the  coal 
along  the  face  to  the  wagons,  the  men  be- 
ing protected  chiefly  by  chocks,  the  pressure 
being  exceedingly  great.  Although  the 
character  of  the  roof  is  such  that  it  breaks 
down  immediately  behind  the  back  row  of 
props,  there  is  a  much  smaller  proportion 
of  small  coal  made  by  this  system  than  by 


that  of  leaving  large  pillars.  Besides 
which  they  are  able  to  remove  the  whole 
mass  of  coal,  and  by  its  greater  simplicity 
of  plan  the  ventilation  is  more  effective  and 
more  easily  managed.  Besides  all  these 
advantages  of  the  long  wall  system,  it  is 
probable  that  it  is  far  more  secure,  as  re- 
gards the  lives  of  the  men,  than  other  sys- 
tems. 

Then,  again,  modifications  have  been  in- 
troduced to  meet  the  circumstances  which 
have  made  the  South  Yorkshire  coal  fields 
so  dangerous.  The  workings  at  Lund  Hill 
and  other  collieries  in  that  neighborhood, 
which  have  been  so  productive  of  accidents, 
have  been  replaced  by  a  system  analogous 
to  long  wall  working,  which  has  been  found 
of  great  advantage.  In  the  Forest  of  Dean, 
on  a  seam  of  coal  11  ft.  thick,  which  some- 
years  ago  would  hardly  have  been  thought 
a  suitable  subject  for  working  by  long  wall, 
two  distinct  systems  are  now  in  use,  in  both 
of  which  the  necessity  of  driving  narrow- 
levels  is  got  rid  of.  The  roof  at  the  face  of 
the  working  is  supported  by  props,  and  a 
slice  being  holed  and  taken  down,  the  space 
kept  for  the  roadway  is  packed  on  each  side. 
The  props  being  then  taken  away,  the  roof 
comes  down,  leaving  the  roadway  to  a  pres- 
sure resulting  in  a  heave  of  the  floor,  which 
has  to  be  cut  away,  while  the  roof  also  has 
to  receive  similar  treatment,  so  that  half  the 
roadway  will  be  in  the  roof,  the  original 
coal  being  compressed  sometimes  from  5  or 
6  ft.  to  1  ft.  If  we  have  a  bed  of  chert  in 
the  middle  of  a  seam  of  coal  it  is  advisable 
to  begin  the  holing  in  it.  Thus,  suppose  we- 
have  a  seam  of  coal  50  ft.,  above  that  a 
layer  of  chert  3|  ft.,  and  above  that  3  ft.  of 
coal,  we  must  take  out  that  beneath  the 
chert  first,  and  support  the  chert  and  top 
coal  by  chocks  of  wood,  and  then  as  the 
bottom  coal  is  removed,  taking  down  that 
above  close  up  to  the  chocks.  By  this  plan 
in  the  Forest  of  Dean  they  get  a  smaller 
proportion  of  slack  than  they  would  by  any 
other' means.  In  Scotland  the  long  wall 
system  is  largely  adopted.  It  is  generally 
deemed  preferable  there  to  trust  to  a  pack- 
wall  than  to  coal  for  the  roads,  although  the 
floor  often  heaves.  The  face  of  work  often 
advances  very  irregularly,  a  good  deal,  pro- 
bably, because  of  the  irregular  direction  of 
the  cleat,  or,  perhaps,  because  the  coal  works 
better  on  the  end  than  on  the  face.  The 
long  wall  system  can  be  made  so  economi- 
cal that  in  Somersetshire  seams  of  coal  as 
little  as  30  in.  are  worked — indeed,  I  have 
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seen  a  seam  of  11  in.  only,  worked  by  this 
method.  For  the  same  reason  many  of  the 
pillar  workings  in  Yorkshire  have  been 
transmogrified  into  the  long  wall  system  by 
advancing  the  bord  gates,  and  enlarging  the 
faces  of  work.  The  great  length  of  gob 
roads  to  be  kept  in  repair  has  been  the  main 
objection  to  the  change,  but  that  has  been 
got  over  by  driving  a  few  yards  uphill,  and 
working  a  portion  to  go  to  goaf,  thus 
making  the  two  systems  work  into  each 
other. 

The  long  wall  system  is  carried  out  in 
Lancashire,  Nottinghamshire,  South  Derby- 
shire, Shropshire,  in  certain  parts  of  Staf- 
fordshire, and  in  the  Forest  of  Dean.  Its 
introduction  into  the  North  of  England  has 
only  made  any  way  within  the  last  few  years, 
but  it  is  now  adopted  in  some  of  the  North- 
umbrian and  Durham  mines.  It  is  largely 
used  in  Westphalia,  Saxony  and  Belgium, 
varying  much,  no  doubt,  according  to  the 
different  thickness  of  seams,  their  inclina- 
tions, and  local  circumstances.  Indeed,  the 
forms   into   which   the   workings    may   be 


thrown,  and  the  modifications  of  which  the 
system  is  capable,  are  innumerable,  and  it 
is  therefore  impossible  to  lay  down  exact 
rules.  The  roadways  up  to  the  face  of  the 
coal,  however,  should'  not  be  more  than  30 
yards  apart,  as  it  is  not  desirable  to  have  to 
drag  more  than  12  or  15  yards.  The  work- 
ing by  long  wall  should  go  on  with  a  regu- 
lar out-put ;  that  is  to  say,  that  side  by  side 
with  the  quantity  required  for  the  market 
the  work  should  advance  regularly  every 
day.  Strikes  of  workmen,  or  a  want  of  a 
sufficient  sale,  or  water  getting  in,  or  any- 
thing which  will  interfere  with  this  regular- 
ity, will  be  fatal  to  the  satisfactory  employ- 
ment of  the  long  wall  system.  It  may  be 
said,  however,  in  conclusion,  that  where  the 
long  wall  system  has  been  introduced  it  has 
soon  been  admitted  to  have  a  decided  ad- 
vantage over  pillar  working,  in  the  economy 
with  which  the  coal  can  be  worked,  and  in 
the  cheapness  with  which  it  can  be  broken 
down,  and  in  the  proportion  of  large  coal 
which  is  obtained,  besides  being  much  softer 
and  better  for  the  workmen. 


ISOCHRONOUS  GOVERNOR. 


From  "  En^ineerino 


M.  Yyon  Yillareeau,  Member  of  the 
Paris  Academy  of  Sciences,  presented  re- 
cently to  the  Academy  the  results  of  his 
long  investigation  on  governors,  and  ex- 
hibited an  apparatus  constructed  upon  his 
calculations  by  M.  L.  Breguet,  which  real- 
izes with  wonderful  exactness  the  results  of 
the  calculations.  The  isochronous  governor 
is  one  which  maintains  a  constant  speed  in 
a  machine,  in  spite  of  the  considerable 
variations  that  may  occur  in  the  work  put 
upon  it.  The  governor  can  maintain  this 
constant  speed  either  in  acting  upon  the 
motor  or  upon  the  resistance.  Thus,  in  the 
case  of  an  engine  driving  machine  tools,  if 
a  certain  number  of  these  are  stopped,  the 
governor  acts  upon  the  valve  and  diminishes 
the  mechanical  work  done  by  the  engine, 
bringing  it  down  to  the  proper  proportion 
with  the  tools  still  running.  If,  on  the 
contrary,  it  is  used  to  turn  by  the  aid  of  a 
weight  the  bearings  of  a  heavy  astronomi- 
cal instrument,  and  to  obtain  a  uniform 
speed,  in  spite  of  possible  variations,  the 
governor  is  so  arranged  that  the  flyers  con- 
nected to  the  moving  parts,  oppose  to  the 
air  a  greater  or  smaller  surface,  giving  thus 


a  varying  resistance,  which  has  the  ten- 
dency to  reduce  the  differences  between  the 
real  speed  as  compared  with  the  speed  re- 
quired. 

M.  Yvon  Yillareeau  has  worked  out  two 
theories,  applicable  to  governors  of  two 
kinds,  that  is  to  say,  to  oscillating  masses 
of  various  forms,  spheres,  cylinders,  and 
parallelopipedons,  and  to  flyers  of  different 
kinds.  In  the  governor  of  the  second  kind, 
it  is  sought  to  obtain  the  most  uniform 
movement  possible ;  the  exactitude  with 
which  the  apparatus  can  be  made  to  work, 
under  the  condition  where  the  moving  power 
varies  in  the  proportion  of  1  to  6,  or  beyond, 
depends  entirely  on  the  care  which  the 
maker  has  bestowed  in  working  to  the 
theoretical  data,  and  the  amount  by  which 
he  has  reduced  the  friction  of  the  moving 
parts. 

In  spite  of  the  greatest  precautions,  it 
will  happen  that  the  density  of  the  metal 
employed  will  not  be  exactly  that  upon 
which  the  calculations  are  based,  and  the 
dimensions  given  by  the  maker  will  not  be 
entirely  in  accordance  with  the  drawings. 
From  these   causes   arises    a   fault  in  the 
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isochronisin,  to  correct  which  it  is  necessary 
to  employ  means  for  regulating  the  appara- 
tus. This  problem  resolving  itself  into 
four  equations,  M.  Yvon  Villarceau  has 
been  led  to  combine  four  distinct  variations, 
changing  the  mass  of  the  body  of  the  regu- 
lator, and  the  movement  of  three  regulating 
bodies  forming  part  of  the  main  weight. 
Each  of  these  plays  a  very  important  part 
in  fulfilling  the  theoretical  requirements. 
The  flyers  are  trapezoidal  in  form,  they  are 
made  of  aluminium,  in  order  better  to  ap- 
proach condition  of  isochronism,  the  rods 
are  of  steel,  and  the  other  parts  of  the 
principal  mass  are  of  aluminium  bronze. 
The  apparatus  is  regulated  in  the  following 
manner :  The  governor  being  connected 
with  clockwork,  the  speed,  w,  is  observed 
that  is  acquired  under  the  action  of  the 
moving  weight,  and  the  angle,  a,  the  rods 
make  with  the  vertical.  The  driving  weight 
is  varied,  and  four  groups  of  valves  for  (0 
and  a  are  observed.  Thus  experimental 
data  are  obtained  necessary  for  calculating 
the  necessary  movement  to  be  given  to  the 
regulating  weights,  and  the  required  varia- 
tions of  the  main  body. 

The  regulation  being  completed  in  ac- 
cordance with  the  theoretical  requirements, 
if  new  observations  of  the  speed  are  com- 
menced, it  will  be  found  that,  whatever  will 
be  the  driving  weight  between  the  extreme 
given  limits,  there  will  be  very  little  difference 
in  the  speed  which  it  is  desired  to  obtain. 


Thus  in  the  first  trial  made  on  the  20th 
May,  1870,  the  driving  weight  was  subject- 
ed to  variations  between  1  and  6,  and  the 
speeds  obtained  showed  an  average  differ- 
ence relative  to  the  mean  speed,  which  only 
amounted  to  -^-l-j-  of  the  latter.  Some  faults 
in  construction  were  corrected,  and  on  a  sec- 
ond trial  the  differences  were  reduced  to 
TTJLg-.  Putting  the  driving  weight  to  its 
maximum  of  261  lbs.,  variations  in  the  re- 
sistance were  produced  arbitrarily  by  means 
of  a  brake.  In  this  way  51  observations 
were  made  in  30  min.,  which  showed  that 
the  average  variation  of  the  governor,  as 
compared  with  the  chronometer,  was  only 
0.2  sec. 

M.  Yvon  Villarceau  remarked,  in  conclu- 
sion, that  M.  Breguet,  in  his  first  trial  with 
the  new  apparatus,  attained  a  great  degree 
of  precision.  He  was  happy  to  produce 
before  the  Academy  a  new  proof  of  the  in- 
justice of  the  accusation  often  made  against 
mathematical  theories,  confounding  these 
theories  with  false  applications  which  have 
been  too  often  made.  In  this  case  the  ap- 
plication has  been  made  with  such  care 
that  the  maker  has  not  made  the  least  de- 
parture from  the  dimensions  and  the  weight 
given  on  the  drawings.  At  the  request  of 
M.  Breguet,  M.  Villarceau  made  in  his 
name  the  declaration  that  this  was  the  first 
time  during  his  long  career  that  he  had 
ever  known  a  pure  theory  carried  perfectly 
into  practice  on  the  first  trial. 


OUR  MAIN  DRAINAGE. 

From  "The  Engineer." 


In  spite  of  some  serious  shortcomings 
which  have  been  recently  apparent  in  the 
metropolitan  main  drainage,  we  may  be 
justly  proud  of  the  system  as  it  is  carried 
out,  as  a  whole.  It  is  quite  possible  that  it 
may  leave  undone  some  duty  that  it  ought 
to  fulfil,  but  balanced  against  the  omission 
must  be  considered  the  many  and  various 
duties  which  it  does  discharge  in  a  very 
satisfactory  manner.  Without  regarding 
the  question  of  the  ultimate  disposal  of  the 
sewage  of  a  city  containing  the  population 
of  London,  the  mere  conveying  it  away 
rapidly  and  innocuously  from  the  habita- 
tions of  the  people  is  no  mean  task.  What- 
ever plan  may  be  adopted  for  the  subse- 
quent utilization  of  sewage  and  refuse  mat- 
ter, the  first  step  is  to   effect  in  a  prompt 


and  economical  manner  its  removal  from, 
the  vicinity  of  its  original  deposition.  Un- 
less this  removal  be  accomplished  at  once, 
and  moreover  thoroughly  be  effected,  it  is 
impossible  to  insure  the  sanitary  welfare  of 
those  who  may  thereby  be  concerned.  It 
cannot  be  too  carefully  borne  in  mind  that 
the  idea  of  obtaining  profit  out  of  refuse 
must  never  be  permitted  to  be  practically 
realized  at  the  expense  of  the  health  of  the 
community  at  large.  It  is  for  this  reason 
that  the  water  carriage  system  of  drainage 
and  sewerage  will  never  be  superseded  in 
the  case  of  large  towns  by  any  of  the  earth- 
closet  methods,  which,  it  must  be  admitted, 
have  done  good  service  in  particular  dis- 
tricts and  localities  for  which  they  are  well 
adapted.     The  universal  application  of  the 
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dry-earth  principle  is  a  hobby  which  it  is 
but  natural  some  people  should  cling  to, 
who  are  incapable  of  distinguishing  be- 
tween a  rule  and  its  exceptions.  At  the 
same  time,  any  scheme  which  professes  to 
deal  with  the  drainage  and  sewerage  of  a 
town  cannot  be  said  to  be  a  complete  one, 
or  thoroughly  to  effect  that  which  it  ought 
to  accomplish,  so  long  as  its  operations  are 
confined  solely  to  what  may  be  called  the 
cleansing  of  the  streets  and  closets.  There 
is  a  wide  difference  between  the  trans- 
port of  sewage  and  its  profitable  utilization, 
and  the  latter  has  not  followed  so  fast  in 
the  rear  of  the  former  as  might  be  expect- 
ed. In  fact,  unless  land  can  be  obtained  at 
something  approaching  a  reasonable  sum 
per  acre,  the  profitable  utilization  of  the 
sewage  of  a  large  town  is  an  impossibility. 
Nothing  less  than  a  fabulous  return  could 
possibly  repay  the  ratepayers  in  many  in- 
stances the  extortionate  prices  demanded  of 
them  for  land  required  for  the  purposes  of 
sewage  utilization.  Viewed  in  the  light  of 
a  complete  drainage  and  sewage  scheme, 
our  main  drainage  obviously  falls  short  of 
what  it  ought  to  be.  It  entirely  ignores  the 
question  of  the  utilization  of  the  sewage 
and  refuse  matter  which  it  conveys  away  so 
rapidly  and  efficiently  from  the  metropolis. 
The  transport  being  accomplished,  there  its 
operations  cease,  unless,  indeed,  we  take 
notice  of  the  subsequent  discharge  of  the 
material  into  the  Thames,  which  occurs 
north  and  south  of  the  river  at  the  pumping 
stations. 

In  connection  with  the  efficiency  of  our 
metropolitan  main  drainage  there  are  two 
points  to  be  considered.  In  the  first  place, 
is  it  really  adequate  to  perform  the  duty 
properly  belonging  to  it  ?  In  the  second, 
is  it  complete  ?  We  do  not  use  this  term 
in  the  same  sense  as  previously,  but  regard 
it  as  applying  simply  to  the  question  of 
drainage.  It  is  well  known  that  our  Lon- 
don sewers  and  drains  are  intended  to 
carry  off,  not  merely  their  ordinary  con- 
tents, but  whatever  storm  water  may  accu- 
mulate in  them.  Many  intercepting  sewers 
were  laid  at  various  depths  along  both 
banks  of  the  river  for  this  purpose,  known 
as  the  high  and  middle  level  sewers,  and 
have  now  been  in  operation  for  some  years. 
Some  idea  of  the  length  of  these  arterial 
drains  may  be  gathered  from  the  fact  that 
the  main  sewer  which  intercepts  the  sew- 
age from  Chelsea  Bridge  to  Abbey  Mills 
pumping  station  is  over   eight  miles' long. 


It  would  appear,  however,  that  there  are 
still  some  parts  of  the  metropolis  which  are 
under  water  during  heavy  floods.  This 
condition  of  things  can  only  arise  from 
either  the  absence  of  all  connection  between 
the  flooded  districts  and  the  intercepting 
sewers,  or  the  inadequacy  of  the  latter  to 
provide  for  the  emergency.  If  the  former, 
it  is  not  difficult  to  establish  the  desired 
communication — if  the  latter,  the  affair  be- 
comes more  serious.  It  is  a  mere  nothing 
when  a  sewer,  situated  at  some  depth  be- 
low the  surface  of  the  ground,  is  being  "  got 
in,"  to  alter  its  dimensions  either  one  way 
or  the  other ;  but  when  it  is  once  built  and 
covered  up,  and  a  greater  capacity  is  found 
to  be  required,  the  question  becomes  re- 
duced simply  to  one  of  the  building  of  a 
new  drain  altogether.  This  measure  has 
been  actually  adopted  in  one  part  of  Lon- 
don, and  the  cost  of  the  new  sewer  from 
first  to  last  will  not  fall  short  of  £100,000. 
It  might  be  asked,  was  the  main  drainage 
system  intended  to  meet  this  case? — but  in 
either  case  it  is  at  fault.  If  it  were  not  ori- 
ginally intended  to  take  this  drainage  area, 
the  design  was  theoretically  imperfect.  If 
it  were  designed  to  do  so,  there  must  have- 
been  some  practical  imperfections  in  it 
which  prevented  it  doing  so.  This  is  a  very 
different  case  from  that  in  which  all  that  is 
necessary  is  to  make  the  connection  be- 
tween the  main  and  the  branch  drains. 
At  the  present  time  there  are  numerous  con- 
nections of  sewers  with  the  completed 
length  of  the  low  level  line  to  be  estab- 
lished, which  must  be  a  work  of  time,  for 
two  reasons.  One  is,  that  opportunities- 
must  be  seized  as  they  present  themselves, 
as  they  cannot  be  obtained  otherwise  than 
at  an  unwarrantable  expense.  The  other, 
that  when  occasions  do  present  themselves, 
as  the  sewers  have  to  be  carried  through 
some  of  the  most  crowded  streets  and  thor- 
oughfares of  the  city,  the  progress  must  be 
slow,  and  the  whole  labor  tedious,  trouble- 
some and  costly.  Nevertheless  arrange- 
ments ought  to  be  made  which  would  facili- 
tate the  laying  of  sewers  and  drains,  and 
the  construction  of  [subways  is  an  impor- 
tant step  in  that  direction,  provided  power 
be  obtained  by  the  authorities  to  compel 
parties  to  use  them.  They  should  not  be 
allowed  the  option  of  breaking  up  the 
streets  instead,  of  which  a  notable  instance 
occurred  some  years  ago  in  Southwark  street. 
The  question  of  the  utilization  of  the 
sewage  of  London  has  not  been  entirely  ig- 


WATER    METER    AND    ITS    USES 


417 


nored,  though  one  would  be  almost  justi- 
fied in  imagining  so,  from  the  fact  that  no 
tangible  results  have  followed  any  consider- 
ation that  may  have  been  given  to  the  mat- 
ter. 

Any  company  which  undertakes  the 
utilization  of  sewage  stands  on  very  different 
ground  from  local  authorities  engaged  in  a 
similar  undertaking.  In  the  latter  case  the 
ratepayers  are  satisfied  if  they  effect  thereby 


only  a  saving  in  their  rates,  but  in  the  for- 
mer the  utilization  must  not  merely  be  a 
profitable,  but  a  paying  concern.  The 
English  of  this  is,  that  after  paying  all  ex- 
penses of  manufacture,  transport,  and 
other  items  incidental  to  its  sale,  an  artifi- 
cial manure  when  manufactured  by  a  com- 
pany must  command  a  price  sufficiently 
high  to  return  a  good  dividend  on  the  cap- 
ital invested.     The  question  is,  does  it  ? 


THE  WATER  METER  AND  ITS  USES. 

By  C.  H.  C. 

Written  for  Van  Nostrand's  Magazine. 


The  subject  of  maintaining  our  water  sup-  j 
ply  has  for  a  long  time  been  a  matter  of  very  ! 
general  and  serious  interest  to  the  city  of 
New  York,  and  has  aroused  considerable 
discussion  as  to  the  most  judicious  method 
to  secure  such  a  satisfactory  result.  Its 
importance  for  all  general  requirements,  as 
well  as  for  any  extraordinary  contingencies 
which  may  occur,  such  as  an  epidemic  or  a 
wide-spread  conflagration,  cannot  be  over- 
estimated. To  attain  this  purpose  the 
adoption  of  water  meters  has  been  promi- 
nently urged  by  those  who  have  given  the 
matter  the  most  thorough  investigation.  A 
popular  prejudice,  however,  against  their 
use,  founded  upon  very  erroneous  grounds, 
has  been  incited  by  misrepresentations, 
coupled  with  an  imaginary  expectation  of 
an  advance  upon  the  present  tax  for  the 
use  of  the  water.  Experience  and  facts 
are  so  diametrically  the  opposite  to  such  a 
supposition,  that  we  have  made  a  concise 
statement  of  indisputable  data,  by  which  it 
can  be  seen  that  the  use  of  meters  affords 
the  only  method  whereby  the  community 
can  be  honestly  and  fairly  served.  That, 
instead  of  enhancing  the  individual  cost,  it 
will  reduce  it,  unless  grossly  wasted,  and, 
by  equalizing  it  according  to  the  amount 
used,  materially  increase  the  revenue,  and 
entirely  prevent  the  direful  wastage  which 
now  exists. 

Meters  for  measuring  water  will  be 
found  an  indispensable  necessity  wherever 
aqueduct  water  is  used.  The  experience  of 
the  city  of  Boston  may  be  aptly  cited  as 
furnishing  a  criterion  for  the  guidance  of 
other  places,  the  subject  there  being  no 
longer  one  of  experiment  or  doubt.  That 
city  has  in  use  a  larger  number  of  meters 
than  any  other  in  the  Union.  Aqueduct 
Vol.  VII.— No.  4—27. 


water  was  first  introduced  there  in  1849  ;  six 
years  after,  in  1855,  the  consumption  av- 
eraged 10,346,300  gallons  per  day,  and  so 
rapidly  increased  that  six  years  later  (1861), 
it  had  reached  a  daily  drain  on  the  pipes  of 
18,189,304  gallons,  an  average  of  102  gal- 
lons for  each  inhabitant,  per  day.  The 
Commissioners  becoming  alarmed,  and  con- 
vinced that  the  greatest  portion  of  the  water 
drawn  was  wasted,  decided  to  attach  meters 
in  all  places  where  much  water  was  used, 
or  where  they  suspected  waste  of  it  was  per- 
mitted. Previous  to  which,  that  they 
might  correctly  ascertain  the  quantity  of 
water  necessary  for  the  daily  consumption 
of  each  person,  they  caused  meters  to  be 
placed  in  their  own  dwellings,  and  found 
that  25  gallons  a  day  was  more  than  an 
ample  supply  for  each  person.  The  result 
fully  justified  their  decision.  As  the  meters 
were  introduced  the  drain  gradually  and 
steadily  decreased  till  in  1866  it  had  fallen 
to  12,229,000  gallons  per  day,  or  to  58  gal- 
lons per  inhabitant  then,  a  falling  off  of  33 
per  cent,  in  the  consumption,  and  gained  48 
per  cent,  in  the  pressure.  Had  it  increased 
only  in  proportion  to  the  increase  in  the 
population  (and  the  increase  in  the  con- 
sumption of  water  is  always  considerably 
more)  it  would  have  been  21,577,062  gal- 
lons per  day,  or  76  per  cent.  more.  In  1870, 
with  a  large  increase  of  consumers,  it  had 
only  reached  a  daily  draft  of  15,007.700 
gallons,  or  less  than  60  gallons  per  head. 

As  to  the  question  of  revenue.  In  1801. 
with  a  daily  consumption  of  18,189,304  gal- 
lons of  water,  the  revenue  was  $365,323.06. 
In  1866,  the  consumption  having  fallen  to 
12,229,000  gallons,  the  revenue  should  (in 
like  ratio)  have  fallen  to  $245,613.94 ;  but, 
on  the  contrary,  by  the  use   of  water  me- 
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ters  it  increased  to  $486,538.25 ;    and  in 
1870,  had  reached  $708,783.68. 

The  following  comparison  may  justly  be 
drawn  :  Repeating  the  figures,  Boston, 
without  meters,  in  1861,  consumed  daily 
18,189,304  gallons  or  102^  per  head  ;  in- 
come $365,323.96.  With  meters,  in  1870, 
consumed  daily  15,007,700  gallons,  or 
59to6o  Per  head  ;  income  $708,783.68.  De- 
crease in  the  consumption  3,181,604  gallons 
per  day,  equal  to  17^  per  cent.  Increase  in 
the  receipts,  $343,459.72  per  annum,  equal 
to  94  per  cent.,  besides  21  per  cent,  gain  in 
the  head,  and  all  this  in  the  face  of  41  per 
cent.*  increase  of  population,  T'his  extra- 
ordinary result  loas  attained  by  the  intro- 
duction of  only  1,108  tcater  meters  at  the 
comparatively  insignificant  expense  of 
$114,366.48. 

The  Water  Commissioners  of  that  city  in 
their  report  of  1870,  say:  "  The  application 
of  meters  has  been  of  great  advantage  to 
the  city,  both  as  regards  the  increase  of 
income  and  checking  waste,  which  is  always 
liable  in  establishments  where  there  are  a 
large  number  of  water  fixtures." 

The  foregoing  facts  can  be  verified  by 
reference  to  their  reports  of  1870  and  1871. 
The  Croton  Aqueduct  Board,  of  which  the 
Hon.  Myndert  Van  Schaick  was  President, 
were  so  impressed  with  the  necessity  of 
measuring  the  water,  that  in  one  of  their 
reports  to  the  Common  Council,  nearly  twenty 
years  ago,  they  stated  that  they  would  recom- 
mend the  general  adoption  of  meters  as 
soon  as  an  efficient  one  was  invented, 
although  it  might  perhaps  cost  the  city  a 
million  of  dollars,  for  their  introduction. 
In  a  later  report  they  say  : 
"No  satisfactory  estimate  of  the  con- 
sumption of  water  at  some  of  the  manufac- 
tories and  hotels  can  be  made  without  the 
introduction  of  water  meters." 

"  Meters  have  been  placed  on  68f  large 
buildings,  and  have  operated  beneficially 
in  determining  the  quantity  of  water  con- 
sumed; the  Board  propose  to  extend  the 
system  in  special  cases  of  hotels,  factories, 
etc.,  as  circumstances  may  require." 
And  again  in  another  report : 
"As  stated  in  the  last  annual  report, 
water  meters  have  increased  in  favor,  and 
the  consumer  who  could  not  be  convinced 
of  the  quantity  of  water  used  in  his  estab- 
lishment, has  now  a  certain  and  impartial 


*  Partly  by  extension  of  limits. 

t  In  operation  now  about  200  meters,    being    fewer  than 
four  years  ago  on  a  consumption   of  62,000.000  gallons. 


umpire,  and  though  the  result  in  almost 
every  case  is  against  the  consumer,  yet  the 
decision  of  this  small,  but  very  costly 
apparatus  is  generally  acquiesced  in." 

In  reference  to  preventing  waste,  Mr. 
Craven,  then  Chief  Engineer  of  the  Croton 
Works,  in  a  paper  addressed  to  the  "  New 
York  Evening  Post,"  March  17,  1868,  de- 
clared that  he  had  exhausted  every  means 
and  argument  in  his  power  to  prevent,  or 
even  mitigate,  this  inordinate  waste,  but 
without  avail ;  and  that  he  had  finally 
been  forced  to  the  conclusion,  that  the  only 
possible  way  in  which  it  could  be  accomplish- 
ed, was  by  attaching  meters  wherever 
aqueduct  water  was  used,  and  that  the 
benefit  to  the  city  would  then  be  immediate 
and  of  vast  importance. 

Mr.  Tracy,  now  Chief  Engineer  of  the 
Department,  reports  the  daily  consumption 
of  water  to  be  88,000,000  gallons,  which 
shows  that  with  an  increase  of  population 
in  the  last  ten  years,  of  only  17  per  cent., 
the  drain  on  the  water  works  has  increased 
193  per  cent.  !  ! !  besides  considerable  loss 
of  head.  It  was  30,000,000  gallons  in  1860. 
Although  at  the  greatest  outlay  of  money 
ever  used  for  a  like  purpose,  New  York  has 
now  the  largest  supply  of  Aqueduct  water 
of  any  city  in  the  world.  The  consumption 
being  now,  as  stated,  daily  88,000,000  gal- 
lons, or  98T2T}40-  per  head.  Income  in  1870, 
$1,178,341.34.  Should  the  Croton  Depart- 
ment receive  remuneration  for  water  in  the 
same  proportion  as  does  the  Boston  Water 
Works,  the  annual  revenue  would  be 
$4,156,104.12,  but,  for  a  lack  of  meters, 
New  York  loses  annually  now  about  $3,000,- 
000,  and  yet  the  water  rates  of  New  York 
are  professedly  about  the  same  as  in  Boston. 
Vide  M.  Hoffman's  Laws  of  City  and 
County  of  New  York,  vol.  i.,  folios  274  to 
288. 

Compare  now  the  distinctive  policies  of 
the  two  cities  and  their  results : 

Boston  in  the  last  decade,  while  it  has 
increased  in  population  41  per  cent.,  has 
decreased  the  consumption  of  water  17^  per 
cent.,  and  in  consequence  gained  in  the 
head  or  pressure  21  per  cent.  So  much 
better  than  ten  years  ago. 

New  York  in  the  same  period,  with  an 
increased  population  of  only  17  per  cent.,  has 
increased  the  consumption  of  water  193 
per  cent. ! ! !  and  lost  in  the  head  or  pres- 
sure considerably.  So  much  worse  than  ten 
years  ago. 

The  reason  is :  Boston  decided  to  control 
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the  waste  and  by  the  aid  of  Meters  suc- 
ceeded at  a  smcdl  cost.  New  York  under- 
took to  supply  the  toaste  without  them,  and 
after  expending  several  millions  has  sig- 
nally failed. 

Profesor  Rankine  of  Glasgow  University, 
in  an  exhaustive  work  on  the  subject,  esti- 
mates a  liberal  supply  of  water  for  cities 
thus :  domestic  purposes  15  gallons,  com- 
merce and  manufactories  7,  washing 
streets,  extinguishing  fires,  supplying  foun- 
tains, etc.,  3  ;  waste  under  careful  regula- 
tions 2jL.  Total,  27^  gallons  per  head  a  day. 

In  London  the  water  is  all  measured  (by 
meters  and  otherwise).  By  the  census  of 
1871,  the  number  of  inhabitants  was 
3,383,002,  and  the  water  supply  in  that 
year  77,670,834  gallons  per  day,  equal  to 
22T905g-  gallons  per  head  daily,  and  yet 
there  is  no  complaint  made  of  a  scarcity  of 
water  for  any  healthful  or  necessary  pur- 
pose— domestic,  industrial,  or  public. 

The  London  figures  prove  that  New  York 
with  proper  restraint  of  abuses  has  suffi- 
cient supply  of  water  for  about  four  mil- 
lions of  people,  and  yet  with  less  than  one 
million  of  inhabitants,  by  permitting  an 
illegitimate,  unnecessary  and  unpaid  for 
use  of  the  greater  quantity  of  it,  by  a  small 
portion  of  the  people,  is  drawing  so  close 
upon  the  resources  that  there  is  a  constant 
fear  of  a  disastrous  water  famine  ;  and  justly 
so,  for  notwithstanding  the  enormous  supply 
the  numerous  poor  have  to  go  unwashed, 
the  pestilential  sewers  and  streets  remain 
unflooded,  the  public  fountains  continue  dry, 
and  for  a  large  conflagration  the  city  is 
totally  unprepared. 

Every  person  who  has  considered  this 
subject,  and  many  expert  engineers  and 
others  possessing  large  property  subject  to 
the  risk  of  fires,  have  given  it  most  pro- 
found study ;  all  have  come  to  the  same 
conclusion,  that  the  adoption  of  meters  is 
the  only  possible  remedy.  In  fact,  when 
once  adopted  the  wonder  will  be  why  they 
were  not  used  much  earlier,  the  only  ones 
to  complain  being  even  now  habitual  wast- 
ers or  those  not  conversant  with  the  sub- 
ject. 

It  would  be  found  at  once  that,  while 
the  majority  of  water  takers  do  not  use  in 
their  dwellings  sufficient  water  to  bring 
their  tax  up  to  the  present  rate,  say  about 
$15  per  annum,  thousands  of  others  de- 
signedly letting  it  run  constantly  day  and 
night  in  their  water  closets,  use  more  than 
$1,000 !  ! !  worth  of  water,    but   pay    only 


about  $15  like  the  rest,  and  no  one  except 
their  immediate  neighbors  are  the  wiser  for  it, 
for  no  means  are  used  to  ascertain  the  fact. 
When  once  they  found  the  cost  they  would 
soon  moderate  their  extravagant  hygienic 
notions.  It  is  the  opinion  of  many  that  the 
bulk  of  waste  is  in  private  dwellings,  and 
not  in  the  public  and  industrial  establish- 
ments. 

The  wantonness  of  this  waste  can  be  fully 
appreciated  when  it  is  shown  that  to  bring 
this  amount  of  water  to  their  premises,  it 
costs  the  city  about  $500  per  annum  (lcent 
per  100  gallons  ;  the  interest  alone  on  the 
cost  of  the  works,  $22,500,000,  being  about 
*  of  this  cent),  this  excess  of  cost  (8185) 
having  to  be  paid  in  the  general  tax  by 
those  using  only  the  $15,  and  even  by  those 
deprived  of  it  altogether,  in  consequence  of 
this  waste. 

The  other  great  source  of  wastage  is  by 
subterraneous  leakage  through  breaks  in 
the  conduit  and  pipes,  and  which  secretly 
and  imperceptibly  finds  its  Avay  into  the 
sewers  through  underground  fissures  and 
crevices.  These  also  are  detected  and  its 
location  and  importance  promptly  ascer- 
tained by  the  general  use  of  meters. 

A.  very  great  injustice  is  also  done  the 
poorest  classes  who  live  principally  on  the 
upper  floors  of  stores  and  tenement  houses, 
for  by  the  loss  of  head  or  pressure  in  con- 
sequence of  this  waste,  the  water  does  not 
rise  to  their  habitations,  and  they  are,  as  a 
general  thing,  too  tired  of  work  to  be  car- 
rying up  water  in  buckets,  in  sufficient 
quantities  for  puiposes  of  ablution  and 
general  cleanliness,  and  yet  they  really 
need  it  much  more  than  the  rich. 

Out  of  the  increased  receipts  (chiefly 
from  delinquents),  the  meters  pay  for  them- 
selves invariably  the  frst  year,  generally  in 
six  months,  and  often  in  three  months. 
The  second  year  they  are  sure  to  bring  the 
consumption  of  water  to  one  half,  or  even 
less,  in  proportion  to  the  meters  used,  rais- 
ing the  head  correspondingly,  and  all  this 
without  disturbing  the  great  majority  of 
consumers  either  in  the  quantity  of  water 
used  or  the  amount  they  usually  pay.  In 
fact  a  good  many  would  pay  actually  less. 
besides  having  water  in  the  upper  stories. 

In  the  annual  report  of  the  Board  of 
Public  Works  of  Chicago,  of  1870  (which, 
after  Boston  and  San  Francisco,  is  using 
more  Water  Meters),  they  say :  "  The 
Hoard  have  found  the  use  of  meters  in  es- 
tablishments    using    large    quantities    of 
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water,  both  satisfactory  to  consumers  and 
'profitable  to  the  city."  And  in  their  report 
of  1871,  they  say:  "  The  prejudice  which 
formerly  existed  against  the  use  of  meters 
is  gradually  giving  place  to  a  feeling  of 
confidence  in  this  'method  of  determining 
the  tcater  assessment,  and  icere  it  not  for 
the  heavy  expense,  the  Board  woidd  like 
to  introduce  them  more  generally  than  they 
have  done  heretofore. 

Even  continuing  the  present  system  of 
charges  (according  to  the  size  of  premises), 
meters  would  be  invaluable  ;  they  would 
constitute  a  silent  but  positive  corps  of  de- 
tectives showing  any  wanton  waste,  thus 
enabling  the  authorities  to  enforce  the  fines 
imposed  by  law,  Avhich  at  present  is  impos- 
sible as  asserted  by  Mr.  Craven.  They 
would  at  once  control  the  waste  and  raise 
the  head,  while  the  fines  alone  would  in 
time  pay  the  whole  cost  of  their  introduc- 
tion. All  the  principal  cities  in  the  United 
States  and  some  in  Europe  employ  meters 
to  some  extent,  England  and  Scotland 
largely  ;  and  the  Governments  of  France 
and  Belgium,  in  I860,  offered  premiums  for 
a  reliable  and  cheap  water  meter. 

So  satisfied  was  the  Croton  Aqueduct 
Department  of  the  absolute  necessity  for  the 
introduction  of  water  meters,  as  the  only 
sure  preventive  of  the  excessive  wastage  of 
the  water,  that  in  1867  and  again  in  1870, 
they  called  by  advertisement  on  engineers 
and  inventors  for  a  meter  that  they  might 
recommend  for  general  use,  and  a  large 
number  of  them  were  tried  on  both  occa- 
sions. The  result  of  the  first  trial  did  not 
terminate  in  any  final  decision,  but  to  the 
later  trial  a  wider  range  was  given.  More 
extended  public  notice  was  then  made, 
and  in  the  meantime  a  powerful  and  thor- 
ough apparatus  was  constructed  to  test 
them.  The  trial  extended  over  three 
months,  day  and  night,  and  of  the  large 
number  offered,  48  of  all  kinds  {positive, 
proportionate,  and  inferential)  were  tested, 
and  of  them  -1  of  the  positive  class  (3  Amer- 
ican and  1  Scotch)  were  selected  as  the 
best,  finally  resulting  in  subjecting  these  to  a 
severer  trial,  which  enabled  the  department 
to  make  a  final  selection  of  one  of  them. 
These  trials  and  continuous  experiments 
evince  the  decision  made  by  these  officials, 
that  there  was  both  a  necessity  for  a  more 
economical  use  of  the  water  as  well  as  that 
the  introduction  of  the  meters  was  the  only 
feasible  means  of  obtaining  it. 

It  is  the  avowed  opinion  of  the  majority 


of  Water  Commissioners  throughout  the 
country  that  meters  are  a  necessity,  and 
that  their  general  adoption  is  only  a  ques- 
tion of  time ;  in  fact  they  are  being  now 
rapidly  introduced.  A  good  water  meter, 
however,  is  a  very  difficult  instrument  to 
produce,  as  is  proved  by  the  fact  that  dur- 
ing the  last  fifteen  years  over  500  patents 
have  been  taken  out  in  this  country,  and 
over  300  in  England,  and  none  as  yet  had 
been  able  to  supersede  the  one  invented  by 
Mr.  Worthington  eighteen  years  ago,  and 
the  only  one  used  until  lately  in  the  United 
States. 

The  majority  of  these  meters,  no  doubt, 
work  and  even  make  a  good  show  at  a  trial, 
and  a  considerable  number  give  great 
satisfaction  to  their  friends,  but  when  put 
to  a  severer  and  protracted  test  they  usu- 
ally fail  or  show  signs  of  eventual  failure 
from  different  causes,  and  not  one  in  a 
hundred  has  proved  a  perfect  practical 
success.  A  good  reliable  meter  is  a  ma- 
chine requiring  such  a  rare  combination  of 
peculiarities  that  it  is  very  difficult  to  attain. 
What  makes  a  water  meter  more  difficult 
and  much  more  costly  than  a  gas  meter  is 
the  heavy  irrepressible  nature  of  water  and 
its  foreign  matter,  the  high  pressure,  velo- 
city and  ramming  under  which  it  has  to 
work,  and  the  extreme  delicacy  and  sensi- 
tiveness required  of  such  a  heavy  machine. 
Also  the  necessity  of  a  perfect  positive  mo- 
tion with  nothing  like  a  dead  centre,  a  weak 
place  or  a  disposition  to  stop  and  refuse  to 
start,  and  finally  its  capacity  to  do  the  work 
totally  uncared  for  and  neglected.  If  on 
these  points  it  be  not  absolutely  infallible, 
it  is  useless  to-  talk  of  other  advantages. 
In  conclusion  all  these  important  qualities 
must  be  attained  at  a  moderate  cost,  and 
this  again  has  aggravated  the  difficulty. 

No  better  evidence  of  these  difficulties 
than  the  fact  that  after  so  many  years  of 
incessant  study  and  labor  and  the  large 
amounts  of  money  expended  in  experiments, 
etc.,  by  able  engineers,  inventors  and  others, 
in  the  production  of  over  800  patents  only 
three  or  four  meters  have  ever  been  accepted 
and  practically  used,  either  here  or  in  Europe. 

To  be  more  explicit,  a  first  class  water 
meter  should  possess,  among  others,  the  fol- 
lowing essential  points  of  excellence  : 

1st. — It  should  be  of  positive  motiony 
simple  in  construction,  strong  in  form,  and 
free  of  all  springs,  both  metallic  or  rubber, 
or  any  bob  weight  to  act  as  their  equivalent. 

Id. — Should  accurately  measure  equally 
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well  under  light  or  heavy  pressure,  either  a 
small  or  large  stream. 

3d. — Should  require  the  least  possible 
amount  of  power  to  drive  it,  thus  avoiding 
reducing  or  losing  the  head  or  force  of  the 
water. 

4th. — Should  not  be  liable  to  injury  or 
obstruction  from  sediment  or  dirt. 

bth. — Should  throw  a  continuous,  smooth, 
and  even  stream. 

6th. — Should  shed  the  greatest  possible 
quantity  of  water  in  a  given  time,  in  pro- 
portion to  its  size  and  weight. 

1th. — Should  not  cramp  the  water  within 
itself  but  allow  it  a  free,  easy  flow,  thus 
avoiding  as  much  as  possible  any  strain  or 
throbbing  in  the  meter  or  pipes. 

8th. — Should  be  of  incorrosive  material, 
avoiding  if  possible  two  distinct  metals 
in  order  to  escape  galvanic  action. 


9th. — Should  have  a  register  of  positive 
motion,  without  ratchets  or  springs,  so  plain 
that  consumers  could  read  for  themselves, 
and  full  enough  to  run  a  whole  year  at  full 
speed,  without  going  round,  thus  saving 
people  from  more  than  an  annual  visit  from 
the  inspectors. 

In  conclusion,  this  matter  is  one  which 
appeals  to  the  interest  of  every  citizen.  It 
is  unnecessary  to  detail  the  privations  aris- 
ing from  a  water  famine,  or  the  dangers 
which  even  a  reduced  and  low  standard  of 
pressure  may  cause,  because  these  are 
self-evident.  The  remedy  is  the  point  at 
issue,  and  we  think  when  the  subject  is 
fully  and  fairly  investigated  it  will  be  ap- 
parent to  all  that  the  use  of  meters  guaran- 
tees the  only  entire  security  for  a  proper 
and  efficient  supply  from  our  Groton  re- 
sources. 


SAFETY  FROM  LIGHTNING. 


From    "The  Engineer. ' 


The  considerable  number  of  accidents  to 
houses,  steeples,  and  other  edifices  from 
lightning  stroke  proves  that,  remote  though 
the  contingency  of  this  form  of  damage 
may  seem,  yet  the  probability  of  it  is  suffi- 
ciently great  to  suggest  means  of  preven- 
tion. The  case  presents  no  more  difficulties 
than  does  that  of  the  protection  of  water 
pipes  against  freezing  and  frost  rupture ; 
yet  what  architect  or  builder  of  a  private 
house  gives  thought  to  either?  As  for 
the  pipe-bursting  part  of  the  business,  omis- 
sion to  guard  against  it  can  be  explained. 
The  consequences  of  this  accident  are  more 
provoking  than  dangerous.  Plumbers, 
plasterers,  bricklayers,  and  occasionally 
other  individuals  of  the  building  craft,  find 
in  this  class  of  accident  a  small  winter  har- 
vest. Called  upon  to  repair  the  damage, 
they  establish  little  accounts,  which  are 
presumably  paid.  It  is  good  for  trade,  as 
goes  the  phrase  ;  hence,  the  whole  building 
craft  rebel  against  pipe-bursting  preven- 
tions as  shoemakers  would  rebel  against 
indestructible  shoes,  and  cemetery  manage- 
ments have  rebelled  against  indestructible 
coffins.  As  to  lightning,  however,  it  is  a 
different  matter  quite.  This  is  an  agent 
not  to  be  trifled  with.  "When  it  strikes  it 
does  so  seriously,  putting  forth  a  power 
more  fierce  and  uncontrollable  than  all  na- 
ture can  match.     Does  it,  then,  not  appear 


extraordinary  that  some  means  of  averting 
the  destructiive  force  of  lightning,  if  known 
and  posssible,  should  not  be  commonly 
adopted  ?  That  such  means  do  exist — 
means  not  only  practicable  but  simple,  and, 
more  to  the  point,  inexpensive — nobody  can 
doubt  who  bears  in  mind  what  the  late  Sir 
William  Snow  Harris  achieved  in  guarding 
ships  of  war  against  destructive  lightning 
stroke  by  means  of  his  system  of  conduc- 
tors. Who  ever  hears  of  a  British  ship  of 
war  injured  from  lightning  stroke  now ; 
yet  how  frequently  did  this  happen  before 
the  Plymouth  electrician  took  the  case  in 
hand,  applying  to  practice  his  theoretical 
deductions  ?  Like  most  great  discoveries, 
the  Harris  lightning  conductor  is  extremely 
simple.  Before  his  investigations  were 
carried  into  practice,  a  sort  of  opinion 
prevailed  that  the  metal  of  a  lightning  con- 
ductor ought  to  be  iron  ;  but  to  Harris  more 
than  to  any  one  else  the  merit  is  due  of 
showing  the  superiority  of  copper  for  this 
purpose,  inasmuch  as  it  is  a  much  better 
conductor  of  electricity  than  is  iron.  Before 
Harris,  naval  constructors  had  come  to 
question  the  value  of  ship  lightning  con- 
ductors in  any  case.  With  good  reason 
they  might  doubt,  having  regard  to  what 
these  instruments  were.  They  consisted, 
not  of  permanent  fittings,  as  now,  ever 
ready  against  a  thunder-storm,  and  always 
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efficient,  but  of  chains  carried  to  the  mast- 
head at  times  "when  a  thunder-storm  might 
seem  imminent.  Under  the  prevalence  of 
this  system  an  alarming  number  of  accidents 
occurred,  as  might  have  been  anticipated. 
For  these  iron  chains  Harris  substituted 
continuous  lengths  of  copper  inserted  into 
the  ship's  masts,  the  arrangements  being 
such  that,  whether  the  upper  masts  were 
elevated  or  depressed,  there  should  be  per- 
manent metallic  contact.  To  Harris  is  due 
the  application  of  the  very  obvious  logical 
canon,  that,  if  an  electrical  conductor  be  al- 
ways trustworthy,  and  in  no  case  dange- 
rous, it  should  be  implicitly  trusted.  The 
lurking  idea  that  metal,  by  attracting  elec- 
tricity, might  do  more  harm  than  good,  sadly 
interfered  with  the  practice  of  lightning 
conductors,  more  especially  marine  light- 
ning conductors.  Harris  dissipated  this 
fear,  propounding  and  proving  that  metal 
no  more  attracts  electricity  than  watercour- 
ses can  be  said  to  attract  water ;  and  to 
carry  the  parallelism  a  step  further,  it  was 
shown  that,  similarly  as  a  too  small  water 
channel  provokes  a  damaging  overflow  of 
water,  so  the  electrical  capacity  of  a  light- 
ning conductor,  to  be  universality  efficient, 
must  be  commensurate  with  the  strongest 
lightning  discharge  ever  yet  experienced, 
and  hence,  from  analogy,  that  may  be  ex- 
pected. Electricity  was  up  to  a  late  period 
of  its  history  looked  upon  too  much  in  the 
light  of  an  occult,  inscrutable  force  for 
the  interest  of  lightning  conductors  ;  but 
since  the  point  has  been  established,  that  a 
copper  rod  of  less  than  half  an  inch  sec- 
tional area  is  electrically  capacious  enough, 
and  to  spare,  for  carrying  harmlessly  away 
the  strongest  lightning  discharge  ever 
known,  architects  and  builders  cannot  plead 
ignorance  of  necessary  data. 

Now,  to  establish  a  copper  rod  of  compe- 
tent sectional  area  from  roof  to  basement  of 
a  house  is  a  more  simple  affair  than  that  of 
establishing  metallic  connection  throughout 
the  entire  length  of  a  ship's  masts,  for  a 
reason  that  will  be  obvious.  Masts  slide 
up  and  down,  whereas  the  height  of  land 
edifices  is  permanent.  The  expense,  more- 
over, is  so  trifling  that  objection  on  the 
scorce  of  economy  would  be  futile.  If  every 
edifice  in  a  town  were  thus  provided,  it  is 
not  too  much  to  affirm  that  the  most  violent 
thunder-storm  conceivable  would  be  robbed 
of  its  destructive  power  for  that  particular 
area.  The  protective  result  of  this  general 
application  of  lightning  rods  would  conduce 


to  more  benefit  than  rnay  at  a  first  glance 
be  apparent.  Not  only  would  each  separate 
building  be  insured  against  the  ill  effects  of 
lightning  stroke  by  the  operation  of  its  own 
particular  rod,  but  each  conductor  would 
afford  comparative  immunity  to  human  and 
animal  life  exposed  to  the  storm  and  un- 
covered in  the  neighborhood.  Neither 
would  the  most  general  adoption  of  light- 
ning rods,  if  properly  erected,  mar  the 
beauty  of  any  style  of  architectural  structure 
of  whatever  size  or  pretensions.  In  by-gone 
times,  when  disfigurements  from  this  cause 
have  resulted,  they  are  referable  to  miscon- 
ception of  electrical  principles  on  which  the 
efficiency  of  lightning  conductors  depends. 
There  was  no  sound  electrical  reason,  for 
example,  why  a  long  spike  should  have 
been  pushed  through  the  bronze  head  of  his 
Royal  Highness  the  Duke  of  York — the 
statue,  we  mean,  which  surmounts  the 
Duke  of  Tork  column.  A  disfigurement  so 
hideous  and  so  unnecessary  belongs  to  the 
teaching  of  a  past  electrical  epoch.  The 
statue  itself  being  metal,  safety  would  have 
been  in  equal  measure  insured  through  the 
establishment  of  connection  between  it  and 
the  earth  by  the  intervention  of  a  copper  bar 
of  sufficient  sectional  area.  A  lightning 
conductor  need  not,  for  efficiency,  be  carried 
down  the  frontage  of  a  building  any  more 
than  over  the  sides  of  a  ship.  It  may  be 
led  down  inside  a  house,  if  more  conve- 
nient, and  in  a  ship,  even  through  the 
powder  magazine,  for  any  harm  its  presence 
there  could  accomplish — the  truth  being 
that  electricity  is  only  dangerous  when  in- 
terrupted. 

If,  seeing  the  ease  and  inexpensiveness 
of  guarding  against  lightning  damage,  one 
wonders  that  conducting  rods  are  not  ap- 
plied to  private  buildings  more  generally, 
the  marvel  is  still  greater  that  public  edi- 
fices— especially  churches  with  their  steeples 
— are  often  equally  neglected.  Only  the 
other  day,  a  metropolitan  church  steeple 
gave  us  a  practical  example  of  this.  The 
owners  of  factory  chimney  stacks  are,  in 
making  this  provision,  usually  more  thought- 
ful than  public  societies. 

Desirous  as  we  are  of  seeing  the  adoption 
of  lightning  conductors  made  more  general, 
a  mere  perfunctory  application  of  the 
scheme  would  increase  instead  of  diminish 
danger.  Substitution  of  an  iron  for  a  cop- 
per rod  is  common  but  injudicious.  Copper, 
being  the  best  available  conductor  of  elec- 
tricity known,  should  always  be  employed; 
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and  in  regard  to    sectional  area — with  the 
extent    of  which,    electrically,     conductive 


power  is  proportional- 
less  than  half  an  inch. 


-that  should  not  be 


PIER  AND  HARBOR  WORKS  IN  THE  ISLE  OF  MAN. 

From  "Engineering." 


Before  a  constantly  increasing  intercourse 
with  the  outer  world  had  enlarged  the  town 
of  Douglas  and  increased  the  imports  and 
exports  of  the  Isle  of  Man,  the  old  Red 
Pier,  as  it  was  called,  subserved  as  a  land- 
ing place  all  the  requirements  of  that  part 
of  the  island.  In  time,  however,  the  want 
of  greater  harbor  facilities  and  the  absolute 
necessity  for  increased  safety  and  accommo- 
dation for  vessels,  impressed  itself  very  forci- 
bly upon  the  inhabitants,  and  led  to  active 
steps  being  taken  for  the  construction  of  a 
pier  and  landing  place  which  should  be  ad- 
equate to  the  requirements  of  the  large  class 
of  vessels,  and  more  particularly  the  steam- 
boats frequenting  the  island.  A  fine  land- 
ing pier  has  been  constructed  and  another 
is  now  in  progress,  which,  when  completed, 
will  form  a  breakwater  and  landing  place, 
and  with  the  first  one  will  constitute  a  har- 
bor affording  ample  facilities  for  landing 
and  embarking,  at  the  same  time  providing 
safe  anchorage  for  vessels  visiting  that  part 
of  the  coast.  The  pier  which  has  recently 
been  completed  is  named  the  Queen's  Pier. 
The  second  is  known  as  the  Battery 
Pier. 

Taking  the  completed  work  first,  we  may 
observe  that  thepractical  object  sought  by  its 
erection  was  to  secure,  at  low- water  spring 
tides,  such  a  depth  of  water  as  would  ena- 
ble steam  packets  and  other  vessels  going 
into  Douglas  to  land  their  passengers  with- 
out having  to  resort  to  the  objectionable  aid 
of  small  boats.  Sir  John  Coode  was  applied 
to  for  designs  for  the  work,  which  were  ap- 
proved, and  the  pier  sanctioned  in  February, 
1867,  the  works  being  commenced  in  the 
April  following. 

The  work  may  be  regarded  as  consisting 
of  two  portions ;  the  inner  length  or  ap- 
proach, and  the  pier  proper.  The  approach 
commences  at  the  east  end  of  a  roadway 
known  as  Bath-place,  and  extends  750  ft. 
along  the  crest  of  a  rocky  ledge  known  as 
the  Pollock  Rocks,  passing  over  a  rock  call- 
ed the  Craig  Kirk,  which  formerly  stood  at 
the  low-water  edge,  but  is  now  incorporated 
in  the  work.  At  this  point  the  pier  proper 
commences  and  runs  in  a  south-easterly  di- 


rection for  a  distance  of  400  ft.,  making  the 
total  length  of  the  structure  1,150  ft.  The 
depth  of  water  along  the  pier  is  from  6  to 
18  ft.  at  low  water  of  ordinary  spring  tides, 
the  range  of  those  tides  being  21  ft.  The 
total  height  of  the  pier  from  foundation  to 
coping  at  the  south-eastern  or  seaward  ex- 
tremity is  52  ft.  On  each  side  of  the  pier 
is  a  footway  10  ft.  in  width,  and  between 
these  is  a  carriage  way  30  ft.  wide,  thus 
giving  a  total  Avidth  of  50  ft.  at  the  top.  On 
either  side  of  the  pier  are  three  flights  of 
landing  steps  7  ft.  wide,  the  two  flights  near- 
est the  shore  end  reaching  to  low  water  of 
spring  tides  for  the  accommodation  of  small 
boats  as  well  as  for  steamers.  A  neat  iron 
railing  extends  throughout  the  whole  length 
of  the  pier  on  either  side,  and  there  are  18 
gas  lamps  placed  at  intervals  along  the  foot- 
ways. At  the  outer  end  of  the  pier  there 
is  a  substantial  cast-iron  pillar  of  orna- 
mental design,  surmounted  by  a  lantern 
carrying  a  green  light,  which  is  exhibited 
from  sunset  to  sunrise.  The  light  is  inten- 
sified by  a  Presnel  dioptric  annular  lens ;  it 
is  placed  at  a  height  of  47  ft.  above  the 
mean  level  of  the  sea,  and  the  beam  extends 
over  23  points  of  the  compass,  or  an  arc  of 
260  deg. 

The  chief  feature  which  distinguishes  this 
structure  from  all  others  of  its  class  is  the 
material  of  which  it  is  built,  which  is  ash- 
lar work  entirely  in  concrete.  It  is  the  first 
example  of  the  kind  in  this  or  any  other 
country,  as  far  as  we  are  aware.  The  main 
or  outer  walls,  the  cross  walls,  steps  and 
copings  consist  entirely  of  compound  blocks, 
weighing  from  5  to  10  tons  each,  and  formed 
in  moulds  either  as  concrete  or  rubble  ma- 
sonry, but  in  all  cases  set  in  the  work  as 
square  ashlars  aggregated  by  means  of 
Portland  cement  of  the  highest  quality  pro- 
curable. The  surface  and  footways  of  the 
pier  are  also  of  Portland  cement  concrete. 
The  pockets  formed  by  the  main  and  cross 
walls  are  filled  in  with  dry  rubble  hearting. 
The  cost  of  the  work  has  been  £46,400,  and 
.the  quantity  of  concrete  masonry  in  it 
amounts  to  44,000  tons,  or  675,000  cubic 
ft.     The   structure,  we   need  hardly  say,  is 
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of  the  most  substantial   character,   and  is 
highly  creditable. 

The  second  portion  of  the  work — the 
Battery  Pier — extends  from  the  land  at 
Douglas  Head  nearly  at  a  right  angle  with 
the  Queen's  Pier.  It  derived  its  name  from 
the  proximity  of  its  position  at  the  shore 
end  to  the  old  battery  on  Douglas  Head. 
This  work  runs  seaward  in  an  E.N.E.  di- 
rection, and  when  completed  will  be  550  ft. 
long,  and  will  cost  about  £54,000.  The  ob- 
ject of  this  pier  is  to  form  an  arm  or  wing 
wall  corresponding  in  a  measure  to  that 
formed  by  the  Queen's  Pier,  the  two  en- 
closing an  extensive  sheltered  water  area. 
A  pier  had  already  been  built  for  a  portion 
of  the  distance  to  be  traversed  by- the  new 
structure,  but  which  was  washed  away  about 
seven  years  since.  The  Battery  Pier  is  be- 
ing constructed  in  a  precisely  similar  man- 
ner to  the  Queen's  Pier.  The  face  blocks 
in  the  walls  measure  8  ft.  8  in.  X  4  ft.  4  in. 
X  3  ft.  4  in.,  and  weigh  8  tons  each.  They 
are  laid  in  alternate  courses  of  header  and 
stretcher.  The  pockets  formed  by  the  main 
and  cross  walls  are  filled  in  with  dry  rubble 
hearting.  In  those  portions  of  the  work 
where  the  rock  was  used  as  a  foundation  to 
build  upon,  the  blocks  of  concrete  were  built 
in  situ,  below  the  level  of  spring  tides. 
Some  of  these  blocks  weigh  220  tons  each, 
and  reach  to   the   level  of  low  water,  the 


work  being  carried  up  above  that  point  with 
the  smaller  blocks  referred  to.  The  walls 
are  to  be  protected  by  American  elm  fen- 
ders and  an  elm  kerbing.  At  the  pier  head 
there  will  be  a  cast-iron  lighthouse  of  octag- 
onal form  and  Gothic  design,  the  light  being 
80  ft.  above  high- water  spring  tides.  The 
work  was  sanctioned  in  July,  1869,  since 
which  time  an  approach  road,  1,100  ft.  long, 
a  depot  and  a  work-yard  have  been  made. 
The  foundation  stone  of  the  Battery  Pier 
was  laid  when  the  Queen's  Pier  was  opened, 
and  it  is  expected  to  be  completed  in  the 
early  part  of  1873.  The  pier  is  being  con- 
structed from  Sir  John  Coode's  designs,  and 
the  works  are  carried  out  by  him  without 
the  intervention  of  a  contractor.  Although 
the  length  of  the  portion  authorized  is  550 
ft.,  this  is  not  the  whole  extent  of  the  work. 
To  complete  the  harbor  an  extension  of  this 
pier  is  required,  and  will  doubtless  be  car- 
ried out.  It  will  be  a  continuation  of  the 
present  pier,  about  450  ft.  in  length,  and 
running  in  a  north-easterly  direction,  thus 
forming  an  angle  of  about  150  deg.  with 
the  landward  portion  of  the  pier.  It  will 
be  50  ft.  wide  at  the  quay  level,  including 
the  parapet  wall,  which  is  to  be  10  ft.  thick. 
The  top  of  the  parapet  will  be  41  ft.  above 
low  water.  The  pier  is  being  so  constructed 
as  to  allow  steam  vessels  to  run  alongside  at 
low  water  of  the  lowest  spring  tides. 


ROCK-BORING   MACHINES. 


From  the  "  Mininor  Journal." 


Mr.  M.  A.  Perieolet,  engineer  of  mines 
in  Anzon,  publishes  some  interesting  facts 
relative  to  the  operation  of  the  Sachs  Bock- 
Drill,  at  Moresnet,  from  which  we  take  the 
following  : 

The  work  to  be  done  consisted  in  the 
completion  of  a  gallery,  15  sq.  ft.  in  section 
and  416  ft.  long.  The  materials  penetrated 
were  schistous  grauwacke  and  a  bed  of 
quartz  ore,  all  rocks  of  great  hardness. 
Through  this  an  advance  of  223  ft.  was 
made  in  six  months.  The  drills  are  worked 
by  compressed  air.  The  compressor  is  in- 
stalled on  the  surface,  and  driven  by  a  wat- 
er-wheel of  6-horse  power,  by  which  the 
air  is  compressed  in  a  reservoir.  The  main 
connecting  the  reservoir  with  the  drill  is  872 
ft.  long,  and  the  air  is  led  from  this  main  to 
the  drill  by  an  india-rubber  pipe  1  15-16 
in.  diameter.     The  frame  carrving  the  drills 


j  consists  of  a  cage  of  wrought  and  cast  iron 
supported  on  two  longitudinal  timber  bear- 
ers, forming  a  frame,  and  rolling  upon  four 
wheels.     The  perforator  acts  by  concussion. 
It  is  composed  essentially  of  a  gun- metal 
cylinder,  in  which  is  a  piston  and  a  forward 
piston  rod  of  large   diameter,  leaving  be- 
;  tween  it  and  the  cylinder  only  an  annular 
space  of   15-16  or  |  of  an  inch.     At  the 
:  back  of  the  piston  is  a  rod  of  small  diam- 
'  eter.     The  larger  piston-rod  carries  the  cut- 
ting tool.     The  rear  rod  gives  movement  to 
'  a  system  of  levers  established  at  the  back 
:  of  the  apparatus,  and  controlling  the  distri- 
bution of  the  air,  producing  the  reciprocat- 
ing motion  of  the  cutter,  and  its  rotation, 
'  as  well  as  advancing  the   apparatus  bodily 
in  proportion  to  the  depth  of  the  hole  cut. 
j  In  operating  these  perforators  the  frame  is 
'  brought  almost  up  to  the  face  to  be  drilled, 
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and  wedged  solidly  in  position.  A  foreman 
miner  marks  the  points  where  the  holes 
have  to  be  drilled,  and  four  workmen, 
charged  with  the  apparatus,  consisting  of 
two  perforators,  place  it  in  such  a  manner 
that  the  two  cutters  act  on  the  points  in- 
tended. This  done,  the  piston  is  drawn 
back  to  the  end  of  its  stroke,  and  the  cutter 
is  keyed  upon  the  forward  rod ;  the  appa- 
ratus is  then  advanced  upon  its  frame  until 
the  diamond  of  the  cutter  touches  the  face 
of  the  rock.  Connection  is  then  made  with 
the  air  main,  and,  the  admission  valve  being 
opened,  the  piston  is  put  in  motion,  and, 
until  a  depth  of  f  in.  is  attained,  the  rate 
of  striking  is  very  slow,  and  the  direction 
of  the  cutter  is  carefully  watched.  The 
hole  once  commenced,  and  its  direction  be- 
ing assured,  the  admission  valve  is  put  in 
full  gear,  and  a  speed  of  200  or  300  blows 
a  minute  is  obtained,  a  stream  of  water  be- 
ing directed  against  the  hole.  When  nec- 
essary, a  longer  cutting  tool  is  substituted, 
as  the  required  depth  is  gradually  obtained. 
Without  shifting  the  apparatus,  as  many 
holes  as  are  desired  may  be  perforated. 
The  drilling  being  completed,  the  four  work- 
men in  charge  disconnect  the  rubber  pipe, 
strike  the  wedges  holding  the  apparatus, 
and  remove  the  whole  to  a  distance  sufficient 
to  save  it  from  the  debris  of  explosion.  The 
following  results  have  been  obtained  at 
Moresnet.  To  perforate  200  ft.  by  hand, 
13|  months  were  required,  giving  an  aver- 
age speed  of  about  15  ft.  a  month.  The 
mean  advance  of  the  machine  was  37  ft.  3 
in.,  or  about  2|  times  that  achieved  by  hand 
labor.  These  results  are  very  satisfactory. 
M.  Pericolet  calculates  as  follows  the  net 
cost  per  cube  metre  of  rock  broken  down : 


Miners'  wages £1  C>  2 J 

Mechanics  and  fitters 0  2  10 

Powder  and  fuse   0  1  8| 

Maintenance  of  the  compression 0  0  3=£1   11   1 

Or  about  10s.  6d.  per  cubic  ft. 

The  cost  per  cube  metre  for  hand  labor 
was  about  £2  19s.  The  cost  of  first  estab- 
lishment was  £1,816  for  12  perforators  at 
Vieille  Montagne.  In  the  various  German 
mining  districts  the  Sachs  drill  is  corning 
into  very  general  favor.  Some  months  ago 
it  was  successfully  introduced  at  the  great 
mine  Stahlberg,  of  the  Cologne  Husen 
Company,  and  within  a  very  short  time  it 
has  gained  the  favor  of  the  miners,  since 
they  see  that  their  work  is  much  alleviated, 
and  that  they  are  constantly  supplied  with 
fresh  breathing  air  by  it.  The  machine  has 
been  introduced  here  both  for  sinking  and 
driving,  and  in  a  hard  quartzose  grauwacke 
it  will  bore  a  hole  of  22  to  24  in.  in  depth 
in  7  to  8  min.  of  effective  boring  time,  and 
require  about  as  much  time  again  for  set- 
ting it  up  to  begin  a  new  one.  The  com- 
pressed air  is  of  28  to  30  lbs.  per  square 
inch,  and  its  loss  of  pressure  is  almost  im- 
perceptible, though  it  is  conducted  through 
a  1|  in.  pipe  over  400  fathoms  from  the  air- 
pumps  to  the  machines.  The  same  boring 
machine  continues  to  give  excellent  results 
at  the  lead  mines  of  the  Meckernich  Com- 
pany, near  Commern,  in  Rhineland,  where 
a  great  cross-cut,  for  the  use  of  underground 
locomotives,  and  the  new  Virginia  shaft,  are 
being  excavated  by  its  help.  It  is  also  to 
enter  the  great  competition  of  rock-borfng 
machines  for  the  new  Gothard  tunnel,  which 
will  shortly  take  place  at  Goschemen,  in 
Switzerland,  under  the  direction  of  Mr. 
Herwig,  the  chief  engineer  of  the  Gothard 
tunnel. 
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The  torn  and  ragged  keyless  arches  and 
baseless  walls  of  our  ruined  abbeys,  the 
partially  demolished  houses  on  the  track  of 
some  new  railway  or  road,  and  many  other 
equally  trite  instances  might  be  cited  as 
standing  evidence  of  the  truth  that  good 
masonry  or  brickwork  will  resist  with 
energy  not  only  crushing,  but  breaking 
across,  and  tearing,  twisting,  or  shearing 
asunder.  No  wonder,  then,  if  the  first  ele- 
ment alone  be  included  in  the  calculation, 
that  many  a  brick  structure  whose  fall  has 


been  prophesied  refuses  to  acquiesce  in  the 
false  laws  of  the  prophet.  The  prophet's 
dictum  might  probably  be  justified  by  the 
result  if  full  work  were  imposed  upon  the 
structure  before  sufficient  time  had  been  al- 
lowed for  the  full  development  of  all  the 
powers  of  the  brickwork,  but  the  experienc- 
ed practical  builder  never  loses  sight  of  this 
condition,  but  by  the  use  of  cement  in  some 
places,  and  of  props  and  supports  in  others, 
gives  the  brickwork  the  necessary  tem- 
porary aid,  and  so  insures  success. 
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Hundreds  of  cases  miglit  be  cited  -where 
the  structure  must  necessarily  have   failed 
had  not  brickwork  been  capable  of  exerting 
considerable  resistance  to  transverse  strain. 
As  a  case  in  point,  illustrative  of  the   fact 
that  a  walk  through  the  streets  will  afford 
all  requisite  data,  reference  may  be  made 
to    a   dwelling-house    near   Hammersmith 
Bridge,  cai*ried  upon  a  series  of  very  fiat 
elliptical  arches  springing  from  piers  about 
12  ft.  in  height,  and  averaging  only  18  in. 
sq.     Any  young  engineering  friend  of  the 
builder  would  no  doubt  have  patronizingly 
predicted  to  him  the  fall  of  his  work,  for 
does  not  the  line  of  thrust  cut  many  yards 
outside  the  base   of  the  angle  piers  where 
the  two  14  in.  arches  meet  at  right  angles  ; 
and  is  not  the  including  of  the  line  of  thrust 
within  the  "middle  third"  of  the  thickness 
one  of  the  necessary  elements  of  stability  ? 
Many  cases  of  this  class  are  to  be  met  with 
in  small  country  towns,  where  the  town  hall 
is  carried  upon  arches  and  piers  of  the  pre- 
ceding description  in  order  to   afford  space 
for  a  market  underneath.     These  buildings 
do  not  tumble  down,  and  as  country  build- 
ers reproduce  the  type  continually,  it  is  by 
no   lucky   chance    that    they  escape.     The 
country    builder  is  wiser  than  his   critics  ; 
he  does  not  aim  at  making  an  arch  except 
in  appearance,  for  he  has  no  abutments,  but 
he  takes  special  care  to  put  his  work  to- 
gether in   such  a  manner  as  to  insure  his 
getting  a  serviceable  and  perfectly  reliable 
brick   beam.      There   is    another   class    of 
cases   illustrative    of  the    extent  to   which 
ordinary  builders  successfully  avail  them- 
selves of  the  transverse   strength  of  good 
brickwork,  which  may  be  suitably  referred 
to  here.  As  an  example  there  may  be  taken 
the  not  infrequent  case  of  a  corner  shop 
where  the  solid  flank  wall  of  the  house  is 
carried  upon  a  rolled  joist  to  admit  of  the 
shop  front  underneath  being  advanced  be- 
yond the  general  line  of  the  building.     It  is 
easy  enough  to  show  that  in  many  instances 
the  weight  of  the  wall  and  other  load  over 
the  joist  is  in  excess  of  its  breaking  weight, 
but  yet  no  signs  of  weakness  or  distress  are 
evidenced  by  the  iron  work,  nor  is  there  even 
any  appreciable  deflection   of  the  joist,  so 
why  make  it  stronger,  the  builder  may  rea- 
sonably ask.     Although  the  brick  wall  it- 
self constitutes  a  brick  beam  to  a  great  ex- 
tent, if  not  entirely  self-supporting,  certain 
precautions  are  necessary  to  be   taken  dur- 
ing the  progress  of  the  work.     Thus,  in  a 
recent  case  which  came  under   our  notice, 


the  iron  joist  deflected  to  an  undue  extent, 
when  some  10  ft.  in  height  of  the  wall  upon 
it  had  been  run  up,  upon  which  the  builder 
propped  up  the  joist  until,  and  for  some 
time  after,  the  completion  of  the  wall  to  its 
full  height  of  35  ft,  and  subsequently  re- 
moved the  struts  without  inducing  any  ap- 
preciable increase  in  the  sag  of  the  joist.  In 
short,  a  certain  amount  of  time  must  be  al- 
lowed, proportional  to  the  stress  to  be  sus- 
tained by  the  brickwork,  in  order  to  admit 
of  the  latter  developing  the  necessary  pow- 
ers to  resist  transverse  strain,  or,  in  other 
words,  to  act  as  a  beam. 

The  term  "  brick  beam,"  though  it  may 
sound  unfamiliar  to  many  ears,  is  of  no 
modern  invention.  A  generation  of  engi- 
neers have  almost  passed  away  since  the 
celebrated  "  Nine  Elms  "  brick  beam  was 
tested  and  discussed  by  the  engineers  of  the 
year  1837.  This  beam  was  in  cross  section 
in  the  form  of  an  inverted  _L,  4  ft.  9.  in. 
deep  by  2  ft.  wide  for  the  lower  six  courses 
of  bricks,  and  by  1  ft.  7  in.  wide  for  the  re- 
mainder of  the  depth.  At  a  span  of  21  ft. 
4  in.  the  breaking  weight  at  the  centre 
proved  to  be  22  tons  12  cwt.,  or  including 
one-half  of  the  weight  of  the  beam,  the 
bending  stress  taking  effect  at  the  centre 
was  no  less  than  27  tons.  It  is  necessary  to 
note  that  several  courses  of  hoop  iron  bond 
were  worked  into  the  lower  courses  of  this 
beam,  since  Brunei  attributed  its  high  re- 
sistance to  this  cause,  although  the  experi- 
menters, Messrs.  Francis  and  Hemans, 
judging  from  the  nature  of  the  fracture, 
were  of  opinion  that  the  hoop  iron  had  con- 
tributed little  or  nothing  to  the  strength  of 
the  beam.  Subsequent  experiments  have 
shown  that  the  truth  was  to  be  found  be- 
tween these  extremes,  and  that  the  hoop 
iron  contributed  just  so  much,  and  no  more, 
additional  strength  as  theory  would  indicate. 
In  the  case  of  the  Nine  Elms  beam  this 
would  be  a  comparatively  small  amount, 
since  the  hoop  iron  was  of  nu  great  section, 
and  the  relative  elasticities  of  the  materials 
are  such  that  in  no  case  could  a  large  unit 
strain  be  imposed  upon  the  iron  in  a  com- 
pound beam  of  brickwork  and  iron  until 
after  the  fracture  of  the  brickwork  had  oc- 
curred. 

Little  progress  appears  to  have  been 
made  in  the  investigation  of  the  strength  of 
brick  beams  for  a  period  of  14  years  subse- 
quent to  the  date  of  the  preceding  experi- 
ment, in  fact,  until  Messrs.  Bazley's  beam 
was  tested  at  the  Exhibition  of  1851.     The 
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beam  in  this  instance  was  of  much  the  same 
size  as  that  tested  at  Nine  Elms,  the  depth 
being  4  ft.  6  in.,  and  the  width  at  bottom 
and  top  2  ft.  3  in.  and  1  ft.  6  in.  respective- 
ly ;  the  bricks,  however,  were  constructed 
hollow,  with  a  thickness  of  T9y  ths  of  an  inch 
of  clay.  The  breaking  weight  at  the  centre 
of  the  span  of  21  ft.  4  in.,  including  one- 
half  the  weight  of  the  beam,  was  about  32 
tons.  This  shows  an  increase  of  5  tons  as 
compared  with  its  original  model,  the  Nine 
Elms  beam,  or  about  the  amount  which 
might  have  been  anticipated  from  the  im- 
provement in  the  quality  of  cement  effected 
in  the  interval  between  the  two  experi- 
ments. In  this  instance,  as  in  the  previ- 
ous one,  hoop  iron  bond  was  introduced  ; 
hence,  before  these  experiments  can  be 
used  as  data  for  ascertaining  the  transverse 
strength  of  brickwork,  it  will  be  necessary 
to  collate  them  with  others  where  no  such 
bond  was  employed. 

In  order  to  reduce  the  several  experi- 
ments to  one  standard  for  comparison,  it 
will  be  convenient  in  all  instances,  to  ascer- 
tain the  value   of  the  unit  tensile  strain  in 

M 
pounds  per  square  inch,  'f=  —  ;  M  being 

the  moment  of  the  stress,  which  for  a 
weight  at  the  centre  of  the  beam  will  be 

ws 

— t=r-     ;  and  m  the  moment  of  resistance  of 
4 

the  cross  section,  which  for   a  rectangular 

d'2  b 

form  of  cross  section  will  be  = Hence, 

6 

if  the  weight,  W,  be  taken  in  pounds  and 
the  dimensions  of  the  beam  in  feet,  the  val- 
ue of  the  maximum  unit  tensile  strain  upon 
the  brick  beam  will  be  : 


W  S 

96  d2  b 


Applying  this  formula  in  the  case  of  the 
two  preceding  experiments,  the  tensile  re- 
sistance per  square  inch  of  the  brickwork 
and  hoop  iron  will  be  as  follows  : 

Nine  Elms  beam •  /  =  29°  I'os.  per  sq.  in. 

Exhibition  beam f  =  350         "         '' 

It  will  be  necessary  now  to  compare  these 
values  of /with  those  derived  from  experi- 
ments on  brick  beams,  in  which  no  hoop- 
iron  bond  was  introduced,  and  also  with  the 
direct  tensile  resistance  of  cement  and  brick- 
work, as  deduced  from  independent  sets  of 
experiments.  By  these  means  adequate 
data  will  be  obtained  to  enable  the  probable 
strength  of  any  brick  beam  to  be  predicted 
with  a  sufficient  degree  of  accuracy  to  meet 


the  engineer's  or  builder's  requirements. 
The  ordinary  mode  of  experimenting  upon 
the  transverse  strength  of  cement,  or  mor- 
tar and  brickwork,  is  to  carry  out  from  a 
brick  wall  a  cantilever  of  single  bricks 
cemented  together,  and  either  to  continue 
adding  bricks  to  the  end  until  fracture  is 
effected  by  the  weight  of  the  cantilever  it- 
self, or  to  carry  it  out  for  a  fixed  distance, 
and  then  break  the  cantilever  by  the  appli- 
cation of  a  load  at  the  end.  The  depth  of 
the  beam  in  these  instances  may  be  taken 
as  8-J-  in.,  the  breadth  4^  in.,  and  if  n  be 
the  number  of  bricks  cemented  together, 
the  length  of  the  cantilever  may  be  taken 
as  3  n.  Hence,  if  w  be  the  weight  in  pounds 
suspended  at  the  end  of  the  cantilever,  and 
7 1  lbs.  be  the  weight  of  a  single  brick,  the 
resulting  unit  strain  from  the  weight  at  the 
end,  and  from  the  weight  of  the  cantilever 
itself,  will  be  : 

15  n2  -f-  4  n  io 
■'  =  72~ 

Applying  this  formula,  in  the  first  instance, 
to  a  type  example  of  General  Pasley's  ex- 
periments, which  were  carried  out  long 
previous  to  the  construction  of  the  Nine 
Elms  beam,  the  case  may  be  taken  where 
the  number  of  bricks  cemented  to  the  wall 
amounted  to  31  in  all,  one  brick  having 
been  added  on  each  successive  day  until 
fracture  occurred.  Hence  in  this  instance 
the  value  of/'  will  be  : 

15  x  31  X  31 

f  =       :  — in —   ~~  =  200  lbs.  per  sq.  in. 

Selecting,  now,  for  comparison  with  the 
Nine  Elms  beam,  some  experiments  of  about 
the  same  date,  carried  out  by  Messrs.  Asp- 
den  and  Robins,  the  value  off  for  the  type 
examples  cited  below,  would  be  as  follows  : 

Bricks.  lb.  lb. 

1.  38  cemented  together  broke  with  14  at  end  f  =  . .  330 
2    30         »  «  »        '•      15      "     /=..  210 

3.  22         "  "  "        "    168      "     /  =  ..  310 

4.  25        "  "  "        "      56      "      ,'"=..  210 

5.  26         "  "  '•        "      74      "     /  =  ..  247 

In  the  same  series  of  experiments,  1(> 
bricks,  cemented  together,  broke  with  a 
weight  of  15  cwt.  applied  at  the  centre  of 
2  ft.  6  in.  bearings  ;  hence  in  this  instance 
jn==  234  lbs.  In  all  the  preceding  cases 
Portland  cement,  with  varying  proportions 
of  sand,  was  employed,  but  where  Roman 
cement  of  an  inferior  quality  was  substitut- 
ed, the  value  off  sank  as  low  as  30  lbs. 

Selecting  in  the  same  way,' for  compari- 
son with  the  "  Exhibition"  beam,  some  ex- 
periments   of  the    same   year,    by  Messrs. 
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White,  the  value  of  f  for  one  type  case, 
•where  16  bricks  -were  cemented  together, 
and  tested  with  a  weight  of  370  lbs.  applied 
at  end,  was  380  lbs. ;  and  for  another  type 
■case,  where  20  bricks  cemented  together 
broke  with  a  weight  of  1,300  lbs.  applied  at 
the  centre  of  3  ft.  6^  in.  bearing,  the  value 
oft/*was  255  lbs. 

Many  other  experiments  might  be  ad- 
duced, but  as  they  would  merely  afford 
confirmatory  evidence  to  the  preceding,  they 
may  be  dispensed  with.  It  may  be  men- 
tioned, in  justification  of  this  conclusion, 
that  the  value  of  f,  as  deduced  by  Weis- 
bach,  upon  an  entirely  different  basis  to 
the  preceding,  varies  from  180  lbs.  to  340 
lbs.  per  sq.  in. 

It  will  be  necessary  now  to  consider 
briefly  the  ultimate  tensile  resistance  ex- 
hibited by  brickwork  under  a  direct  pull, 
and  not,  as  in  the  preceding  experiments, 
through  the  indirect  agency  of  a  transverse 
stress.  From  the  nature  of  the  material 
under  consideration,  it  may  be  anticipated 
that,  practically,  the  direct  tensile  resist- 
ance, f\ ,  will  be  equal  to  f,  although  it  is 
well  known  that  in  some  other  materials, 
such  as  wrought  and  cast  iron,  the  value  of 
J\ ,  is  sometimes  less  than  \  f. 

The  tensile  strength  of  a  mass  of  brick- 
work will  obviously  be  limited  by  the  in- 
tensity of  adhesion  of  the  cement  to  the 
bricks  in  some  instances,  and  by  the  intrin- 
sic strength  of  the  cement  and  bricks  re- 
spectively in  others.  In  new  or  green  work 
the  strength  of  the  cement  will  govern  that 
of  the  whole  mass,  but  after  the  lapse  of  a 
certain  period,  varying  with  the  nature  of 
the  cement,  the  bricks,  if  badly  selected, 
will  often  prove  the  source  of  weakness. 
However  inferior  the  bricks  may  be,  the 
mass  of  brickwork  must,  nevertheness,  if 
the  cement  be  good,  possess  considerable 
tensile  strength.  In  any  cross  section  the 
area  of  the  cement  joints  will  amount  ap- 
proximately to  4-th  of  the  entire  sectional 
area ;  hence,  if  the  bricks  possessed  abso- 
lutely no  intrinsic  strength,  the  average 
resistance  per  unit  of  area  of  the  entire 
mass  could  not  be  less  than  ^th  of  that  of 
the  cement  employed. 

General  Pasley  states  the  average  adhe- 
sion of  two  bricks  cemented  together  with 
Portland  cement  to  be  5,000  lbs.,  or,  say, 
fi=  140  lbs.  per  sq.  in.  Yicat  takes  the 
adhesion  as  equal  to  the  tensile  strength  of 
the  cementing  material,  and  gives  the  fol- 
1  owing  values  to  fx ,  one  year  after  mixture : 


lbs.  per 
sq.  in. 

Good  hydraulic  lime fx  =  170 

Ordinary     «'  "    /,  =  140  to  100 

Rich  lime /,   =    40 

Good  hydraulic  mortar f{  =  140 

Ordinary     "  "        fx=    85 

Good  common  mortar /,   =    51 

Bad        "  "  /,   =    21 

Poudelet  cites  33  lbs.  per  sq.  in.  as  the  ad- 
hesion of  common  mortar  to  brickwork  six 
months  after  mixture,  and  this  conclusion 
is  verified  by  the  results  of  some  experi- 
ments carried  out  by  Mr.  Robertson  in  the 
year  1858,  when  the  adhesion  of  well- 
ground  mortar,  six   months   after  mixture, 

was  found  to  be  as  follows  : 

lb. 

Well-ground  mortar  and  blue  bricks  ..../,  =  40 

"  "  grey  stocks  . . . .  J\  =  36 

"  "  "  soft  place /j  =  18 

The  inferior  results  obtained  with  the 
soft  bricks  were  due  to  the  water  being 
taken  up  by  the  bricks,  and  consequently 
not  being  available  for  the  formation  of 
silicates. 

In  the  same  series  of  experiments  the 
adhesion  of  cement  to  grey  stock  bricks  at 
the  end  of  one  week  and  of  one  month  re- 
spectively,  after  mixture,  proved  to  be  as 

follows  : 

lb. 
Quick  setting  cement,  1st  week f,  =  23 

"       4th    "     A  =  30 

Slow  "  "      1st     "     ft  =  15 

"      4th  «     /i  =  59 

The  very  exhaustive  series  of  experi- 
ments carried  out  by  Mr.  Grant  on  Port- 
land cement  of  the  best  quality  afford  valu- 
able information  as  to  the  progressive  in- 
crease in  the  strength  of  cement  during  the 
first  year  of  its  age.  The  average  results 
of  his  experiments  upon  cement  weighing 
112  lbs.  to  the  bushel,  are  fairly  represented 
below  for  the  proportions  of  cement  and 
sand  referred  to : 


Material . 

One 
week. 

One 
month. 

Three 
months. 

One 

Year 

1  cement  to  2  sand 
1                    1     •' 

lb. 
/i=23 
/i=43 

lb. 
55 
137 

lb. 
113 
163 

lb. 
205 
310 

Net  cement . . 

A=aoo 

300 

390 

480 

With  cement  of  the  unusually  great 
weight  of  123  lbs.  per  bushel,  the  corre- 
sponding increase  in  strength  at  the  early 
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stages  was  very  noteworthy,  as  will  be  seen 
by  the  following  tabulated  results  : 


Material. 


1  cement  to  1  sand 
Net  cement 


One 
Week. 


lb. 
/,=i57 
/i— 365 


One 

month. 


lb. 

200 
415 


Three   |  One 
months,  i  Year 


lb. 

243 

470 


lb. 

317 
545 


With  Roman  and  Medina  cement  the 
results  obtained  by  Mr.  Grant  were  very 
unsatisfactory,  as  will  be  seen  from  the  fol- 
lowing summary  of  about  500  experi- 
ments : 

1  week.       1  month.       ?,  months.  -     1  year. 
Net  cement  /i  =  42  to  100  lb.  93  to  1681b.  Tl  to  -2081b.  93  to  3001b. 

With  an  admixture  of  sand  the  results 
were  so  irregular  as  to  render  a  record  of 
them  useless. 

The  preceding  Tables  epitomize  the  re- 
sults of  several  thousands  of  experiments 
on  the  tensile  strength  of  cement  and  mor- 
tar ;  it  will,  therefore,  be  unnecessary  to 
adduce  further  evidence.  At  first  sight  the 
irregularity  of  the  results  attained,  as  re- 
gards the  direct  tensile  strength  of  brick- 
work, may  appear  inconsistent  when  com- 
pared with  the  comparatively  uniform 
value  of  the  same  resistance  as  deduced  in 
the  previously  cited  experiments  upon 
transverse  strength.  If  it  be  remembered, 
however,  that  in  the  case  of  the  brick 
beams  submitted  to  test,  high  class  cement 
alone  was  used,  the  apparent  discrepancies 
vanish,  and  it  will  be  evident  that,  practi- 
cally as  well  as  theoretically,  the  values  of 
/"  and  fx  may  be  taken  as  identical.  If 
due  consideration  be  given  to  the  latter  se- 
ries of  experiments,  it  will  also  be  evident 
that  the  great  strength  of  the  Nine  Elms 
and  Exhibition  brick  beams  was  not,  as 
suggested  by  Brunei,  due  almost  wholly  to 
the  hoop-iron  bond,  but  that,  on  the  con- 
trary, the  introduction  of  the  iron  had,  as 
asserted  by  the  experimenters  themselves, 
little  to  say  to  the  question  of  resistance. 

The  variance  in  the  results  attained  in 
both  series  of  experiments  might  also  be 
cited  by  some  engineers  as  a  sufficient  jus- 
tification of  their  habitual  exclusion  of  the 
element  of  tensile  resistance  in  any  calcula- 
tions referring  to  brickwork  ;  although  as  a 
matter  of  fact,  and  as  already  shown,  all 
engineers  rely,  though  it  may  be  uncon- 
sciously, upon  this  property  of  brickwork  in 
the  practical  execution  of  their  works.    But 


this  position  is  not  tenable,  since  it  may 
readily  be  shown  that  quite  as  wide  a 
variance  in  the  results  is  exhibited  by  brick- 
work under  compression.  Thus  many 
hand-made,  ill-burnt  bricks  will  not  bear  a 
pressure  equivalent  to  but  14  tons  per  sq. 
ft.  withont  crumbling,  whilst  not  very  long 
ago  one  unprecedentedly  strong  machine- 
made  brick  by  Clayton  &  Co.  was  found  by 
Kirkaldy  to  sustain  a  pressure  equivalent 
to  no  less  than  323  tons  per  sq.  ft — a  vari- 
ance quite  as  wide  as  any  exhibited  by 
brickwork  under  tensile  strains!  Many  of 
the  bricks  supplied  by  the  same  makers  for 
the  Midland  Railway  and  Thames  Embank- 
ment contracts  bore  95  tons  per  sq.  ft.,  be- 
fore cracking  to  any  extent,  133  tons  before 
cracking  to  a  considerable  extent,  and  190 
tons  before  crushing  throughout. 

Piers  of  compressed  bricks  2  ft.  6  in. 
high  by  81  in.  sq.  were  tested  by  Mr.  Ro- 
bertson and  found  to  sustain  50  tons  per 
sq.  ft.  when  set  in  grey  stone  lime,  and 
200  tons,  when  set  in  Portland  cement. 
Clarke  found  that  the  resistance  to  crush- 
ing of  rather  soft  bricks  set  in  cement 
averaged  34  tons  per  sq.  ft.,  and  many 
other  experiments  might  be  cited  to  show 
that  this  amount  fairly  represents  the 
average  resistance  of  ordinary  stock  bricks 
set  in  ordinary  good  mortar.  Grant's  ex- 
periments show  the  crushing  resistance  of 
bricks  made  of  net  Portland  cement  to  be 
243  tons  per  sq.  ft.  when  3  months  old, 
and  385  tons  when  9  months  old,  whilst 
with  the  addition  of  one  part  of  sand  the  re- 
spective resistances  were  reduced  to  160  tons 
and  292  tons,  and  with  five  parts  of  sand 
to  61  tons  and  108  tons  per  sq.  ft.  Pro- 
perly made  concrete,  consisting  of  one  part 
of  grey  stone  lime  to  six  parts  of  ballast,  is 
at  least  as  strong  under  compression  as 
good  stock  brickwork  ;  and  concrete  made 
of  one  part  of  Portland  cement  to  nine  parts 
of  unscreened  ballast,  has  been  found  to 
possess  ample  transverse  strength  for  fence 
walls  and  similar  works. 

Having  thus  briefly  reviewed  a  small. 
though  for  the  present  purpose  a  sufficient- 
ly large,  portion  of  the  mass  of  information 
in  existence  bearing  upon  the  strength  of 
brickwork,  a  little  space  may  usefully  be 
devoted  to  the  consideration  of  the  practical 
inferences  which  may  be  drawn  therefrom. 
In  an  early  part  of  this  paper  it  was  premis- 
ed that  to  an  intelligent  and  thoughtful 
observer  a  mere  walk  through  the 
streets,  and  an  inspection  of  the  buildings 
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erected  or  in  progress,  ■would  suffice  to  prove 
that  brickwork  was  jDossessed  of  many  other 
valuable  properties  besides  that  of  the  sim- 
ple power  to  resist  a  thrust.  The  evidence 
subsequently  advanced  has  all  tended  to 
justify  tills  conclusion,  and  if  proper  use  be 
made  of  the  data  now  at  hand,  in  no  case 
will  theory  and  practice  be  found  at  vari- 
ance. The  speculative  biulder's  apparently 
fatuous  mistake  in  neglecting  to  put  in  a 
massive  abutment  wherever  he  introduces 
an  arch,  will  be  seen  to  be  no  mistake  at 
ail,  but  simply  an  unconscious  adherence  to 
theoretical  principles,  since  as  a  matter  of 
fact  he  is  not  dealing  with  an  arch,  but 
with  a  brick  beam  which  gives  no  horizontal 
thrust,  and  requires  no  abutment.  In  the 
same  manner,  the  firm  belief  entertained  by 
most  practical  builders  as  to  the  sufficiency 
of  almost  any  piece  of  iron  joist  that  may 
come  to  hand  to  cany  a  brick  wall  of  any 
height  across  openings  of  the  size  ordinarily 
met  with  in  their  practice,  admits  of  scien- 
tific justification  ;  whilst  on  the  other  hand 
the  belief  entertained  by  our  typical  young- 
engineer  fresh  from  King's  College,  that 
the  bending  action  upon  such  a  joist  would 
be  that  due  to  the  entire  weight  of  the  mass 
of  super-imposed  brickwork,  can  be  shown 
to  be  utter  and  indefensible  nonsense. 

Probably  few  engineers  would  fail  to  smile 
at  the  suggestion  that  they  should  line  their 
tunnels  when  carried  through  solid  rock  with 
10  or  20,  or  whatever  number  of  rings  of 
brickwork  might  be  found  necessary  to 
sustain  the  mass  of  rock  overhead,  upon 
the  hypothesis  that  it  is  a  fluid  of  uniform 
density  pressing  upon  the  brick  arch  or  fin- 
ing, like  the  water  upon  the  internal  flue  of 
a  Cornish  boiler.  Yet  if  the  problem  to  be 
solved  be  to  carry  a  brick  wall  or  an  arch 
— that  is  to  say,  to  construct  what  is  in 
effect  merely  a  short  length  of  tunnel 
through  rock,  for,  as  our  experiments  show, 
even  comparatively  green  brickwork  pos- 
sesses greater  transverse  strength  than 
many  rocks — there  are  unfortunately  not 
wanting  many  engineers  in  responsible  posi- 
tions who  base  their  practice  upon  the  as- 
sumption that  the  whole  mass  of  the  wall 
will  press  remorselessly  foot  by  foot  upon 
the  arch ;  or  who  are  so  frightened  at  the 
powers  they  have  conjured  up,  as  to  be  led 
to  assert  that  nothing  less  than  massive 
wrought-iron  girders  could  sustain  the 
enormous  pressure  of  the  Jhoid  brick  wall 
with  which,  according  to  their  unfortunate 
hypothesis,  they  have  to  deal. 


The  most  glaring  faults  of  a  small  coun- 
try builder  are  venial  in  comparison  with 
such  blunders  as  these.  He  may  at  times 
select  a  piece  of  iron  joist  too  light  to  carry 
his  wall  at  the  rate  at  which  he  is  running 
it  up,  but  since,  as  our  experiments  have 
shown,  the  strength  of  his  mortar  or  cement 
will  increase  rapidly  with  age,  his  remedy 
will  generally  be  found  in  propping  up  the 
joist  temporarily  until  sufficient  time  has 
elapsed  for  the  brickwork  to  develop  the 
necessary  powers  for  self-sustainment.  As 
an  illustration  of  the  application  of  the  data 
advanced  in  this  paper,  it  may  be  useful  to 
show  that  a  lofty  brick  wall  built  entirely 
across  a  girder  does  not  necessarily  throw  a 
greater  strain  upon  the  girder  than  a  wall 
yLth  of  the  height,  although  in  the  face  of 
the  experiments  already  recorded  this  may 
appear  a  self-evident  proposition. 

Now  h  being  the  height  of  the  wall,  t  its 
thickness,  and  S  the  span  of  the  opening 
across  which  it  is  to  be  carried,  all  in  feet,  and 
/'being  the  tensile  resistance  of  the  brick- 
work in  pounds  per  square  inch,  then  the 
transverse  breaking  weight  of  the  wall  as  a 
beam  in  cwts.  distributed  over  the  entire 
span  will  be  : 


R.W.= 


12  h*  tf 


But  the  weight  of  the  wall  itself  in  cwts. 
distributed  will  be  equal  to  S  t  hj  hence,  if 
the  wall  is  to  carry  itself  across  any  open- 
ing it  must  comply  with  the  conditions  of 
the  equation : 

7  S2  -  12  lif  =  0. 

That  is  to  say,  the  product  of  the  height  of 
wall  into  the  tensile  strength  of  the  brick- 
work must  always  be  a  constant  function  of 
the  square  of  the  opening  across  which  the 
wall  has  to  carry  itself.  The  span  and  ten- 
sile strength  being  given,  the  minimum 
height  of  the  wall  to  be  self-supporting  will 
be: 

'-£ 

If  the  height  of  the  wall  be  less  than  that 
indicated  by  the  above  equation,  an  arch  or 
a  girder  must  necessarily  be  provided  to  carry 
some  portion  of  the  weight  of  the  wall. 

For  any  height  not  less  than  h,  the  por- 
tion of  wall  which  will  be  self-sustaining 
will,  since  the  weight  is  proportional  to  h, 

and  the  strength  to  7f,  be   the  fraction  — — 

of  the  entire  weight,  and  of  course  the  frac- 
tion coming  upon  the  arch  or  girder  cannot 
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hl 

be  less  than.  1  -  —  -.     Hence  the  greatest 
stress  imposed  upon  the  girder  will  obviously 


occur  when  ( 1  — r 


.   1  hl  is  a  maximum,  that 

is  to  say,  when  hl=^h.  Expressing  hv  in 
terms  of  h,  the  load  upon  the  girder  in  terms 
of  the  entire  weight  of  wall  of  the  height  h 
will  be  equal  to  J\ — h*.  This,  as  already 
shown,  will  have  a  maximum  value  when 
A1=gA,  and  will  then  be  equal  to  \  ;  hence 
it  appears  that  the  height  of  wall  producing 
the  severest  stress  upon  the   girder  will  be 

7  B2 
equal   to  ,  and   that   one  half  of  the 

^  24/  ' 

weight  of  the  wall  will  then  be  self-sup- 
porting and  one  half  require  extraneous 
support. 

It  follows  from  this  that  the  probable 
maximum  stress  induced  upon  a  girder  by  a 
wall  of  any  height  will  not  exceed  that  re- 
sulting from  a  distributed  load  in  cwts. 
equal  to : 

There  is  no  pretence  of  theoretical  exact- 
ness in  the  preceding  deductions,  indeed,  in 
the  absence  of  exact  data  on  certain  points, 
any  attempt  at  refinement  would  have  serv- 
ed only  to  obscure  the  broad  truths  which 
have  been  elicited  in  a  simple  form,  and 
with  a  sufficient  degree  of  accuracy  for 
present  purposes.  The  last  deduced  ex- 
pression for  the  maximum  stress  upon  a 
girder  loaded  with  a  solid  brick  wall  is 
strongly  at  variance  with  the  ordinary  engi- 
neering hypothesis  of  a,  fluid  hrick  wall,  but 
singularly  confirmatory  of  the  speculative 
builder's  ordinary  and  successful  practice. 
The  builder  cares  little  or  nothing  what  the 
height  of  his  walls  may  be,  but  he  has  a 
wholesome  horror  of  large  openings.  The 
preceding  equation  shows  that  except  for 
very  limited  heights,  the  height  of  wall  does 
not  enter  into  the  consideration  at  all, 
whilst  the  necessary  strength  of  girder 
varies  as  the  fourth  power  of  the  span. 
Again,  the  rationale  of  the  builder's  prac- 
tice of  temporai*ily  supporting  a  beam 
which  has  proved  to  be  rather  too  weak 
during  the  carrying  up  of  a  wall  is  now 
evident  enough,  since  the  stress  upon  the 
girder  has  been  shown  to  vary  inversely 
as  the  value  of  f,  and  that  value,  as  the 
experiments  cited  show,  increases  rapidly  as 
time  is  allowed  for  the  mortar  to  set.  Thus, 
assuming  a  14  in.  party  wall,  not  support- 
ing any  floors,  has  to  be  carried  across  a  15 


ft.  opening,  upon  a  12  in.  sq.  balk  of  timber 
capable  of  supporting  a  distributed  load  of 
173  cwt.  without  undue  deflection,  then 
sufficient  time  must  be  given,  either  by 
carrying  the  wall  up  slowly,  or  by  support- 
ing it  during  construction,  for  the  mortar  to 
develop  a  tensile  strength  in  pounds  per 
square  inch  equal  to  : 

153  x 


/: 


173X? 


=  34  lbs. 


The  load  of  173  cwt.  upon  the  span  of  15 
ft.  would  be  equivalent  to  that  of  a  14  in. 
wall  10  ft.  in  height;  hence,  the  maximum 
stress  upon  this  girder  would  occur  when 
the  wall  was  carried  up  to  a  height  of  20 
ft.,  whilst  at  a  height  of  40  ft.  the  wall  with 
the  given  strain  of  3  J  lbs.  per  sq.  in.  would 
be  self-supporting. 

The  same  result  would,  of  course,  have 
been  obtained  for  the  previous  equation,  in 
which  the  minimum  height  of  wall  capable 
of  self-support  was  shown  to  be  : 
7SS 


h  = 


12/' 


whence  by   substitution  /t=40    ft.,   as   be 
fore. 

If,  as  in  practice  is  almost  invariably  the 
case,  the  wall  be  carried  up  during  niany 
successive  days,  the  strength  of  the  mass  of 
brickwork  will  not  be  uniform,  but  be  a 
maximum  at  the  bottom  of  the  wall,  and 
gradually  diminish  towards  the  top.  In 
such  a  case  the  value  of  /'may  be  taken  as 
one-half  of  the  tensile  strength  developed 
in  the  mortar  at  the  base  of  the  wall ; 
hence,  in  the  case  selected  for  illustration, 
sufficient  time  would  have  to  be  given  for 
the  tensile  strength  and  frictional  resistance 
of  the  brickwork  and  mortar  to  be  equal  to 
a  stress  of  about  6A  lbs.  per  sq.  in.,  or  the 
timber  beam  would  show  an  undue  deflec- 
tion. 

Many  other  illustrations  might  be  given 
of  the  useful  practical  information  deduci- 
ble  from  the  data  advanced  in  this  paper. 
When  arches  subjected  to  an  equally  dis- 
tributed load  are  under  consideration,  the 
question  of  resistance  to  a  bending  moment 
is  often  of  vital  importance.  Much  sur- 
prise was  expressed  at  the  time  at  the  com- 
paratively enormous  strength  of  some  nar- 
row strips  of  brick  arches  about  15  ft. 
span,  and  only  4i  in.  thick,  tested  by  Mr. 
Fairbairn  by  the  application  of  a  concen- 
trated load  at  the  centre  ;  but  there  were 
no  just  grounds  for  surprise,  since  the  be- 
havior    of  the    arches   was     entirelv    and 
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simply  consistent  with  the  facts  and  theory 
referred  to  in  the  preceding  investigation. 

In  conclusion,  it  may  he  well  to  reiterate 
the  fact  that  the  object  of  this  paper  has 
not  been  to  dictate  to  the  engineer  any  pre- 
cise and  absolute  value  which  should  at- 
tach to  the  inherent  transverse  strength  of 
brickwork,  but  merely  that  he  should  never 
omit  to  include  that  element  in  his  calcula- 
tions. The  engineer  must  in  this,  as  in 
other  instances,  consider  each  case  upon 
its  own  merits,  and  act  accordingly,  without 
attempting  to  save  brain- work  or  to  shirk 
responsibility  at  the  expense  of  his  clients' 
pockets.  Where,  as  in  problems  of  the 
nature  now  under  consideration,  the  data 
are  imperfect,  and  the  effective  supervision 
of  the  work  during  execution  is  of  para- 
mount importance,  it  is  quite  legitimate  on 
the  part  of  the  engineer  to  provide  for  the 
maximum  possible,  as  well  as  the  maximum 
probable  stress,  which  could  take  effect 
upon  his   structure.     In   the  present  case, 


!  if  the  arch  or  girder  were  proportioned  to 

\  sustain  the  maximum  possible  stress  of  a 

|  "fluid"  brick  wall  without  exceeding  the 

elastic  limit  of  the  material  employed,  and 

the    maximum   probable  stress,   according 

to  the  principles  advanced  in  the  preceding 

investigation,  without  exceeding  one-fourth 

of    the    ultimate    strength,    the    engineer 

would  have  no  cause  for  anxiety,  and  yet 

\  would  effect  a  considerable  reduction  in  the 

cost   of  many  of  his  works,  as  compared 

|  with  others  of  a  similar  nature  based  upon 

I  the  ordinary  unsatisfactory  and  unscientific 

I  practice.     It  may  be  taken  for  granted  that 

j  in  the  long  run  the  interest  of  the  engineer 

'  will  prove  identical  with  that  of  his  client. 

[  A  few  carefully-matured  designs  well  car- 

I  ried  out,  with  a  strict  regard  to  economy, 

'  will  bring  more  fame  to  the   engineer  than 

I  a  cart-load  of  vain  conceptions,  since — in  the 

i  incisive   language  of  Lord  Bacon,    "Men 

mark    the    hits,    but    do   not    count    the 

!  misses." 


HEAT   AND   STEAM. 

From  "Engineering." 


One  or  two  propositions  connected  with 
heat  and  steam  are  even  now  not  generally 
comprehended,  notwithstanding  all  that 
Mayer,  Eankine,  Joule,  and  Clausius  have 
done  to  instruct  us  ;  and  a  great  deal  of 
mental  confusion  on  apparently  simple 
truths  connected  with  the  formation  and 
use  of  steam  exists,  not  only  among  young 
engineers,  but  in  the  minds  of  men  of  con- 
siderable standing  in  the  profession. 

The  chances  are  about  ten  to  one  that  any 
mechanical  or  civil  engineer  in  good  prac- 
tice, if  asked  why  a  steam  engine  works  at 
all,  would  give  a  defective  answer.  To 
begin  at  the  beginning,  we  would  probably 
be  told  that  the  sun's  rays  stored  up — to  use 
popular  phraseology — heat  in  old-world 
forests,  which  forests  subsequently  became 
coal-seams,  the  coal  retaining  all  the  before- 
mentioned  heat,  and  being  ready  to  give  it 
back  to  us  when  we  want  it.  The  coal  so 
made  we  burn  in  a  furnace,  and  so  heat 
water  in  a  boiler.  This  water  is  converted 
into  steam,  and  this  steam  works  the  engine, 
giving  out  power  which  was  stored  up 
thousands  or  millions  of  years  ago  during 
the  growth  of  the  primeval  forest.  This 
train  of  argument,  or,  more  properly,  asser- 
tion, is  imperfect  and  weak,  inasmuch  as  it 


I  leaves  absolutely  untouched   the   phenom- 
i  enon  on  which  the  whole  sequence  of  events 
hangs.     We  shall,  to  simplify  matters,  sup- 
|  pose  that  the    entire   sun  action  theory  is 
quite  satisfactory,  and  we  shall  take  up  the 
question  at  the  point  where  we  burn  coal 
under  or  in  our  boilers.     Starting  here,  we 
ask  our  readers  whether  it  has  ever  struck 
them  as  remarkable  that  heat  should  pass 
from  the  coal  in  the  furnace  to  the  water  in 
the  boiler.      We  know  perfectly  well  what 
the  answer  will  be.     They  will  reply  in  the 
negative.       Why  should  there  be  any  diffi- 
culty in  the  matter  ?     Now,  it  appears  to  us 
that  not  only  is  there  a  great  deal  of  diffi- 
culty in  the  matter,  but  that  this  transmis- 
!  sion  of  heat  from  one  body  to  another  con- 
stitutes  one  of  the  most   remarkable  phe- 
!  nomena  of  physical  science,  the  importance 
\  of  which  is  overlooked  only  because  it  is  a 
i  thing  of  every-day  occurrence  with  which 
all  civilized  mankind  has  been  familiarized 
i  from   its    earliest   childhood.     Let   us    see 
■  what   this    transmission    of  heat  so  glibly 
|  talked  about,  really  means  in  the  case  of 
;  fire  and   water.     In  order  to   narrow   the 
field  we  are  ranging  as  much  as  possible, 
I  we  shall  keep  to  the  transmission  of  heat 
from  coal  to  water,  neclecting;  its  transmis- 


HEAT    AND    STEAM. 


433 


sion  from  coal    to    the    iron    of  the    boiler 
plate. 

In  a  boiler  of  fair  construction  a  pound 
of  coal  will  convert  9  lbs.  of  water  into 
steam.  Each  pound  of  this  steam  will  rep- 
resent an  amount  of  energy  or  capacity 
for  performing  work  equivalent  to  746,666 
foot-pounds,  or  for  the  whole  9  lbs.,  6,720,- 
000  foot-pounds.  In  other  words,  1  lb.  of 
coal  has  done  as  much  work  in  evaporating 
9  lbs.  of  water  into  9  lbs.  of  steam  as  would 
lift  2,232  tons  10  ft.  high.  Now  it  is  quite 
certain  that  the  power  thus  stored  up  in  the 
steam  must  have  been  actually  done  on  the 
water.  In  other  words,  as  much  energy  has 
been  expended  in  breaking  up  the  water 
into  steam  as  would  suffice  to  lift  2,232 
tons  10  ft.  high.  Having  got  so  far,  we  are 
met  by  the  question,  Why  does  the  steam 
engine  operate  at  all  ?  In  other  words,  why 
has  the  fuel  in  the  furnace  done  this  enor- 
mous amount  of  work  on  the  water  ?  It 
is  certain  that  it  can  only  have  been  done 
in  one  of  three  ways.  Using  once  more 
popular  phraseology  for  convenience,  we 
may  say  that  heat  could  only  have  got  into 
the  water  either  because  it  was  forced  in  by 
some  special  action  on  the  part  of  the  fuel, 
or  that  it  was  absorbed  from  the  fuel  by 
some  special  action  on  the  part  of  the  water, 
or  that  it  found  its  way  in  by  a  combined 
existence  of  force  on  the  part  of  the  fuel, 
and  of  absorption  on  the  part  of  water. 
The  popular  theory  is,  that  the  water  ab- 
sorbs the  heat,  but  popular  theories  are 
often  erroneous,  and  this  theory  is  especially 
so.  It  should  be  obvious  that  a  body  like 
water,  which  retains  its  cohesion  with  such 
tenacity  that  746,666  foot-pounds  of  energy 
are  required  to  convert  about  one  pint  of  it 
into  steam,  cannot  also  manifest  a  power  of 
absorbing  the  very  agent  which  effects  its 
disruption  with  such  difficulty.  The  absorp- 
tion theory  must  be  absolutely  rejected. 
The  heat  required  for  evaporation  can  only 
find  its  way  in  by  main  force  ;  and  nothing 
seems  more  startling  than  the  fact  that  the 
volatile  products  of  combustion  in  their 
rapid  flight  to  the  chimney  should  be  able 
to  perforin  the  enormous  duty  implied  by 
the  act  of  evaporation.  To  the  philosopher 
in  his  laboratory,  familiar  with  the  vibra- 
tion theory  as  taught  by  Tyndall  and  others, 
and  to  the  ordinary  observer,  there  is  nothing- 
remarkable  about  the  matter.  The  first 
understands  pretty  clearly  the  nature  of  the 
forces  with  which  he  is  dealing,  while  the 
latter  does  not  think  at  all.  But  we  fancy 
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that  the  phenomenon  will  appear  very  curi- 
ous indeed  to  many  of  our  readers  who  for 
the  first  time  realize  the  fact  that,  so  far 
from  water  absorbing  heat  as  a  sponge 
soaks  up  a  liquid,  a  vast  expenditure  of 
energy  is  required  to  force  even  a  single 
unit  of  heat  into  it. 

Coming  next  to  the  popular  theory  of 
latent  heat,  we  find  that,  although  time  and 
again  has  it  been  pointed  out  that  the 
phrase  "latent  heat"  is  one  of  the  most 
unfortunate  that  could  possibly  have  been 
adopted,  there  are  still  scores  of  intelligent 
men  who,  led  away  by  this  expression,  really 
believe  that  heat  is  stored  up  in  steam  in 
some  way  not  recognizable  by  a  thermom- 
eter. Now,  as  a  matter  of  fact,  there  is  no 
such  thing  as  latent  heat.  Steam  really 
contains  comparatively  little  heat,  certainly 
not  more  than  an  equal  weight  of  water  at 
the  same  temperature.  When  we  speak  of 
the  "  total  heat  in  steam,"  we  make  use  of 
a  very  inaccurate  phrase,  which  we  hope  to 
see  banished  from  the  vocabulary  of  the 
engineer.  The  thermometer  cannot  recog- 
nize the  existence  of  latent  heat  in  steam, 
simply  because  there  is  no  latent  heat  in  it. 
What  is  stored  up  in  steam  is  work,  not 
heat ;  and,  instead  of  speaking  of  the  total 
heat  of  steam  in  degrees  of  the  thermometer, 
we  should  speak  of  the  total  energy  in 
steam  in  terms  of  British  units.  And  here 
we  may  remark  that  it  is  open  to  question, 
whether,  in  the  strict  sense  of  the  word, 
heat  passes  from  burning  fuel  to  the  water 
in  a  boiler  at  all.  It  would  probably  be 
more  correct  to  say  that  energy  passes  from 
the  fuel  to  the  water,  and,  by  doing  so,  no 
erroneous  impression  could  be  conveyed. 
Until  a  temperature  of  212  deg. — under  at- 
mospheric pressure — has  been  reached  little 
or  no  work  is  done  on  the  water  in  a  boiler. 
The  heat  transmitted  from  the  fuel  remains 
as  heat,  or  the  work — if  work  it  be — so  trans- 
mitted appears  in  the  water  as  heat ;  but  the 
moment  a  temperature  of  212  deg.  has  been 
reached,  heat  no  more  appears  as  heat  in  the 
boiler.  On  contact  with  the  water  it  is 
transmuted  into  work — done  in  forcing  the 
atoms  of  the  liquid  further  apart  in  opposi- 
tion to  their  desire  to  remain  close  together  : 
and  consequently,  once  ebullition  com- 
mences, the  augmentation  of  temperature 
ceases. 

If  we  want  the  heat  poured  into  the 
water  in  a  boiler  after  a  temperature  oi 
ebullition  proper  to  the  pressure  has  been 
reached,  to   appear  as  heat,  we   must  con- 
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dense  the  steam  without  allowing  it  to  do 
work,  as  by  turning  it  into  a  vessel  of  cold 
water.  Here — as  it  cannot  separate  the 
atoms  of  cold  water  far  apart — the  work 
will  appear  as  heat.  If,  however,  the  work 
stored  in  the  steam  could  separate  the  atoms, 
it  would  not  reappear  as  heat — it  would  xe- 
main  as  energy.  It  is  certain  that,  in 
steam  in  contact  with  water  in  a  state  of 
suspension,  it  is  impossible  to  store  up  heat 
as  heat,  the  water  immediately  transmuting 
the  heat  into  work. 

It  is  beyond  our  purpose  to  consider  the 
practical  bearing  of  the  facts  we  have  stated 
on  steam  engineering.  AVe  have  endeav- 
oured to  put  certain  phenomena  connected 
with  heat  and  steam  in  a  lie'ht  which  will, 


we  feel  certain,  prove  novel  to  not  a  few  of 
our  readers.  The  relations  of  heat  and 
work  ought  to  be  well  understood;  but, 
owing  probably  to  a  certain  confusion  of 
ideas  or  of  language — in  not  a  a  few  cases 
of  both — manifested  by  the  writers  of  some 
of  the  text- books  ordinarily  read,  they  are 
not  clearly  comprehended.  Our  purpose 
has  been  served  if  we  have  succeeded  in 
persuading  such  of  our  readers  as  hereto- 
fore held  a  different  opinion,  that  water 
does  not  absorb  heat  of  its  own  volition,  but 
that  heat  has  to  be  literally  hammered  into 
it  with  an  enormous  expenditure  of  labor, 
and  that  there  is  really  no  heat  in  steam 
except  that  which  can  be  measiired  by  the 
!  thermometer. 


ANALYSIS  WITH   THE    BLOW-PIPE. 

From  the  "London  Mining  Journal." 


Bo  great  is  the  importance  of  blow-pipe 
analysis  to  practical  miners,  especially  when 
daily  communication  with  a  professional 
assayer  is  impracticable,  that  it  is  surprising 
that  the  use  of  the  blow-pipe  is  not  more 
gene:a"ly  learned  by  all  who  have  any  in- 
tention of  pursuing  such  a  course  of  tech- 
nical education  as  should  qualify  them  for 
the  duties  of  the  higher  officers  of  mines, 
although  it  must  be  acknowledged  that  the 
works  upon  the  subject  are  comparatively 
little  known  amongst  the  classes  to  whom 
they  would  be  most  useful.  Since  the  issue 
of  Sheridan  M uspratt's  translation  of  Plan- 
ner's book,  almost  the  only  work  which  has 
appeared  in  England  is  Mr.  Blandford's 
translation  of  Scheerer's  little  treatise ;  and 
as  this,  although  no  doubt  valuable  of  its 
kind,  was  better  suited  to  refresh  the  mem- 
ory of  those  who  had  already  systematically 
studied  the  subject  under  a  professor  than 
to  afford  complete  instruction  itself,  it  has 
never  become  very  generally  known.  Platt- 
ner  has  always  been  regarded  as  the  stand- 
ard authority,  and  as  the  progress  made  in 
all  connected  with  analysis  has  been  so 
rapid,  that  the  lapse  of  more  than  20  years 
afforded  much  opportunity  for  revision  and 
extension,  Muspratt's  work  has  become  ob- 
solete, and  a  new  translation  was  much 
wanted.  This  want  has  now  been  supplied. 
Within  the  last  few  years,  a  new  edition 
of  Plattner  being  required,  Prof.  Bichter, 
of  the  Royal  Saxon  Mining  Academy,  or, 
as  we  are  more  accustomed  to  call  it,  the 


Preiberg  Mining  School,  undertook  the  re- 
vision and  enlargement  of  the  work ;  and 
of  this  new  edition  Mr.  H.  B.  Cornwall, 
M.A.,  M.E.,  of  Columbia  College  School  of 
Mines,  New  York,  assisted  by  Mr.  J.  H. 
Caswell,  M.A.,  has  just  completed  a  very 
excellent  translation,  with  numerous  emen- 
dations and  additions,*  which  bring  the  in- 
formation down  to  the  present  time. 

The  choice  of  a  blow-pipe  being  of  some 
importance  to  insure  convenience  to  the  op- 
erator, the  first  pages  of  the  book  contain 
descriptions  of  the  pipe  of  the  form  proposed 
by  Gahn,  and  approved  by  Berzelius ;  but  as 
Black's  form  is,  for  all  practical  purposes, 
fully  equal,  and.  has  the  merit  of  being  less 
costly,  we  think  it  may  safely  be  substitut- 
ed. To  many,  however,  the  use  of  the 
simple  mouth  blow-pipe  is  laborious,  what- 
ever instruction  they  have  received  as  to  the 
method  of  blowing  from  the  cheeks,  and 
therefore  the  author  very  properly  gives 
some  attention  to  the  contrivances  which 
have  been  devised  for  maintaining  the 
flame  without  the  help  of  the  human  lungs, 
remarking,  with  truth,  that  the  caoutchouc 
bellows  satisfies  all  requirements  ;  and,  with 
regard  to  fuel,  he  carefully  describes  the 
best  form  of  lamp  to  be  used  when  a  wax 
candle  is  insufficient,  and  gas  is  not  within 
reach.  The  blow-pipe  and  fuel  being  chosen, 

*  Plattner's  "  Manual  of  Qualitative  and  Quantitative  Anal- 
ysis with  the  Blow-pipe."  From  the  last  German  edition,  revis- 
ed and  enlarged  by  Prof.  Th.  Riehter.  Translated  by  Henry  B. 
Cornwall,  M.  A.,  M.  E.,  assisted  by  John  H.  Caswell,  M.A.  New 
York :  D.  Van  Nostrand. 
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the  blast  and  the  flame  are  described,  so 
that  no  difficulty  is  experienced  in  under- 
standing the  different  nature  of  the  various 
parts  of  the  flame,  explained  immediately 
afterwards.  Great  care  is  likewise  taken  to 
describe  and  offer  hints  for  the  selection  of 
the  instruments,  small  vessels,  and  other 
objects  used  in  blow-pipe  analysis,  so  that 
the  student  is  well  prepared  for  the  consid- 
eration of  the  practical  portion  of  the  work. 
The  second  section  of  the  book  commen- 
ces with  a  very  valuable  set  of  general 
rules,  according  to  which  the  behavior  of 
minerals  and  other  substances  before  the 
blow-pipe  can  be  determined,  and  a  con- 
siderable proportion  of  their  constituents 
discovered ;  throughout  the  section  every 
particular  is  given  which  is  necessary  to 
prevent  failure,  and  as  Dana's  mineral 
nomenclature  has  been  followed,  the  work 
will  be  understood  and  valued  wherever 
the  English  language  is  read.  The  tables 
showing  the  behavior  of  alkalies,  earths, 
and  metallic  oxides  alone  and  with  reagents 
before  the  blow-pipe,  are  very  clear  and 
distinct ;  and  the  general  rules  for  quali- 
tative blow-pipe  examinations,  by  which  the 
separate  constituents  of  compound  substan- 
ces can  be  detected  by  the  partial  aid  of 
the  wet  process,  are  particularly  lucid  and 
complete.  When  the  blow-pipe  is  used  for 
determining  the  precise  mineral  under  ex- 
amination, and  not  merely  for  ascertaining 
the  presence  or  otherwise  of  some  given 
metallic  or  other  chemical  agent,  the  ar- 
rangement followed  in  this  section  of  the 
book  will  be  especially  valuable,  since  under 
each  element  an  account  is  given  of  its 
occurrence  in  the  mineral  kingdom,  so  that 
the  presence  of  barium  being  indicated  the 
blow-pipist  can  at  once  refer  to  the  list  of  the 
principal  minerals  wherein  that  element 
occurs,  and  readily  decide  upon  the  requi- 
site further  tests  to  determine  it.  Again, 
the  arrangements  of  the  elements  to  be  ex- 
amined for  is  well  calculated  to  facilitate 
reference — the  alkalies  and  earths,  the  me- 
tals and  their  oxides,  and  non-metallic  ele- 
ments and  acids  being  treated  of  in 
separate  classes — a  vast  improvement  on 
the  alphabetical  system,  which  is  too  often 
followed  in  works  of  reference.  The  sec- 
tion also  contains  a  very  useful  series  of  ex- 
amples which  will  enable  the  student  to 
acquire  experience  in  the  readiest  methods 
of  dealing  with  salts,  or  similar  combina- 
tions, of  silicates,  aluminates,  metallic  ox- 
ides, sulphides,   selenides,    arsenides,    or  of 


alloys,  after  having  judged,  by  the  general 
appearance,  to  which  class  the  substance  to 
be  examined  belongs. 

In  quantitative  analys;s  by  the  blow-pipe 
it  will  readily  be  understood  that,  since  the 
experiment  is  performed  with  only  about 
1^-  grain  of  mineral  (the  assay  centner 
being  by  common  consent  fixed  at  100 
milligr.),  the  amount  of  metal  extracted  is 
extremely  small,  so  small  indeed  that  it  is 
almost  impossible  to  weigh  the  resulting 
button,  and  to  overcome  the  difficulty  Har- 
kort  conceived  the  idea  of  measuring  the 
buttons  instead  of  weighing  them.  This 
idea  he  executed  so  well  that  it  is  possible 
to  determine  with  sufficient  accuracy  the 
proportion  of  silver  in  an  ore,  mineral,  etc., 
even  when  it  contains  less  than  0.0033  per 
cent.,  or  0.96  oz.  in  a  ton  of  ore.  Harkort's 
scale  is  founded  on  the  principle  that  the 
weights  of  the  metallic  spheres  are  propor- 
tional to  the  cubes  of  their  diameters,  and 
that  these  diameters  can  be  accurately  com- 
pared together  by  means  of  two  fine  con- 
vergent lines  between  which,  the  spheres 
are  laid.  But,  although  accurate  results  are 
possible  with  this  scale,  extreme  delicacy  of 
manipulation  is  necessary,  and  to  remove 
the  difficulty  which  thus  arises  in  the  meas- 
urement, several  beautiful  litle  instruments 
have  been  devised.  Those  of  Eueger  and 
Kleritz  are  described  and  illustrated  by 
Prof.  Cornwall,  and  as  Kleritz  has  also 
corrected  the  slight  inaccuracy  resulting 
from  the  adoption  of  the  principle  upon 
which  Harkort's  scale  is  based,  greater 
accuracy  than  is  now  obtainable  need 
scarcely  be  desired.  The  value  of  such  in- 
struments as  these  will  be  at  once  appre- 
ciated by  quantitative  blow-pipists. 

With  regard  to  the  formulae  of  the  sili- 
cates we  notice  that  SiO2  has  been  substi- 
tuted for  SiO*  throughout  the  book,  and  that 
amongst  the  various  additions  made  is  one 
explaining  a  quantitative  assay  for  mercury  ; 
this  assay,  which  is  essentially  the  same 
as  that  proposed  by  Domeyko,  is  very 
simple  and  exact.  A  glass  tube  about  3 
lines  in  diameter,  and  7  or  8  in.  long,  of 
not  too  thin  glass,  is  bent  at  about  2  in. 
from  the  end  to  an  angle  of  about  120  deg., 
and  closed  at  one,  the  shorter,  end.  leaving 
the  shorter  arm  1|  to  2  in.  long.  The  tube 
is  thoroughly  dried,  and  then  from  500  to 
3,000  milligr.  of  finely  powdered  ore,  accord- 
ing to  its  richness,  intimately  mixed  with  5 
to  10  grin,  of  litharge,  is  introduced  into  it. 
The  lower  end  is  craduallv  heated  over  the 
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spirit  lamp  until  the  whole  mass  is  melted 
and  the  glass  begins  to  soften.  The  mois- 
ture that  may  be  present  condenses  in  the 
middle  of  the  tube,  while  the  mercury  will 
settle  as  a  thin  film,  sometimes  scarcely 
perceptible,  upon  the  sides  of  the  glass. 
When  all  the  mercury  has  been  sublimed 
the  tube  is  carefully  heated,  so  as  to  con- 
centrate the  mercury  as  much  as  possible  to 
a  ring  near  the  elbow ;  the  tube  is  then 
allowed  to  cool,  cut  off  with  a  file  close  to 
the  ring,  and  the  mercury  then  brushed 
together  to  one  drop,  and  transferred  to  a 
weighed  capsule.  In  this  way  0.05  per 
cent,  of  mercury  can  be  very  readily  deter- 
mined, and  the  nature  of  the  gangue  has 
no  influence  upon  the  result.  The  excess 
of  litharge  serves  not  only  to  oxidize  the 
sulphur  and  silenium,  but  also  to  remove 
the  arsenic  antimony  and  bitumen  so  fre- 
quently found  in  ores  of  mercury,  and  the 
resulting  metal  is  so  pure  that  it  can  be 
very  easily  and  perfectly  united  into  one  drop. 


The  work,  then,  it  will  be  observed, 
although  published  as  a  translation  of 
Plattner,  is  really  in  advance  of  it  in  point 
of  time  and  completeness,  for  whilst  the  last 
German  edition  is  nearly  seven  years  old, 
the  translation  extends  to  the  present  time, 
and  as  Prof.  Cornwall  has  had  the  advan- 
tage of  the  co-operation  of  Professors  Bichter 
and  Egleston,  no  fear  need  be  entertained 
that  there  is  any  want  of  homogeneity  in 
the  work,  or  that  any  important  advance 
made  in  Europe  or  America  has  escaped 
record.  .  The  classification  and  general 
treatment  of  the  subject  adopted  by 
Plattner  have  been  certified  by  Muspratt, 
Pichter,  and  others  of  great  experience  in 
teaching,  to  be  almost  incapable  of  im- 
provement, and  as  Professor  Cornwall  has 
combined  with  these  merits  that  of  giving 
the  latest  discoveries,  it  would  be  scarcely 
possible  to  place  a  more  valuable  and  re- 
liable volume  on  the  subject  in  the  hands 
of  the  student. 


ON  THE   EXPANSION   OF  WATEB* 


By  MR.  ALEX.  MORTON. 


From  "The  Engineer. ' 


The  expansion  of  water  having  received 
but  little  attention  from  modern  writers  and 
experimenters  in  Britain,  and  as  a  study  of 
the  subject  necessitates  recourse  to  foreign 
publications,  widely  spread  and  often  diffi- 
cult to  obtain,  the  writer  has  been  led  to 
lay  before  you  the  results  of  his  investiga- 
tions and  references,  believing  that  the  sub- 
ject is  one  of  the  very  first  importance. 

For  a  number  of  years  past  he  has  col- 
lected all  the,  important  experiments  he 
could  discover,  as  well  as  the  writings  of 
many  philosophers  of  authority,  and  from 
a  selection  of  the  most  modern,  and  those 
he  considers  the  most  trustworthy,  he  now 
lays  before  you  the  results  of  their  deter- 
minations. 

In  a  paper  by  Professor  Miller,  in  1856, 
"On  the  Standard  Pound,"  Hallstrurn  and 
Muncke's  observations  have  been  thrown 
aside  on  account  of  certain  sources  of  error 
pointed  out  by  M.  Despretz ;  and  on  consid- 
ering carefully  the  observations  of  Despretz, 
Pierre,  Kopp,  Stampfer,  and  Plucker  and 
Geisler,   and    after   making   the    necessary 
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corrections  in  accordance  with  the  observa- 
tions of  M.  Eegnault,  he  relies  exclusively 
on  those  corrected  observations  of  Despretz, 
Pierre,  and  Kopp,  believing  that  the  mean 
of  all  three  will  approximate  more  nearly 
to  the  truth  than  any  one  of  them  taken  by 
itself.  Since  Miller's  paper  was  read  many 
valuable  additions  and  observations  have 
been  made  by  M.  Hagen,  M.  Matthiessen, 
M.  Eossetti,  and  others.  In  1855  Hagenf 
used  the  method  of  Stampfer  for  his  obser- 
vations, which  consists  in  weighing  a  metal, 
the  expansion  of  which  has  been  previously 
ascertained,  in  water  at  different  tempera- 
tures. In  1866  Matthiessen  J  adopted  the 
weighing  method  also,  but  instead  of  using 
a  metal  he  weighed  a  piece  of  glass  cut  from 
rods,  upon  which  he  had  made  many  and 
varied  experiments  at  and  through  nearly 
every  grade  of  temperature,  from  maximum 
density  to  the  boiling  point,  to  ascertain  ex- 
actly the  cubical  expansion  of  that  kind  of 
glass.  The  glass  piece  cut  from  the  rod 
was  highly  polished,  and  suspended  by  a 
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-very  fine   platinum  wire,  hanging  from  a 
delicate  balance  placed  in  a  glass  case,  so 
that  the  currents  of  air  might  not  affect  the 
different   weighings.       His   weights,   ther- 
mometers, and  adjusting  screw  were  from 
time  to  time  adjusted  with  the  Kew  stand- 
ard, and  every  care  taken  to  obtain  correct 
indications.     To  check  his  observations  on 
the  dilatation  of  water  he  weighed  pure 
mercury  in  the  water  near  and  at  the  boil- 
ing point,  and  found  it  to  coincide  almost 
■exactly  with  that  obtained  and  published 
byEegnault.     In  1866  M.  Eossetti  §  adopt- 
ed  the    method   of  Despretz,    Pierre,  and 
Kopp;    that  is,  by  using  dilatometers  sur- 
rounded with  a  liquid  whose  temperature 
can  be  varied  at  will.     V/hen  the  surround- 
ing medium  has  been  maintained  for  a  suf- 
ficient period  of  time  at  a  constant  temper- 
ature, and  continually  agitated  so  as  to  be 
uniform,  the  rise  of  the  distilled  water  con- 
tained in  the  dilatometer  is   noted  for  such 
ascertained   temperature.     His  first  series 
of  observations  extended  from  the  freezing 
point  to   50  deg.  Cant.,  or  122  deg.  Fah.; 
and  with  a  view  to  defining  the  maximum 
density  he  had  the  counsel  of  M.  Eegnauit, 
and  the  use  of  his  laboratory  for  determin- 
ing  the   cubical  dilatations   of  his  instru- 
ments ;   the  weight  of  mercury  was  defined 
by  the  exact  balance   of  the  "  College  de 
France,"  and  his  thermometers  were  con- 
structed by  the  celebrated  maker  Fastre,  and 
compared  with  Eegnault's   standard  ther- 
mometers.    The   different  apparatus,  their 
position  during  the  experiments,  and  the 
manner  of  procedure  are  very  carefully  de- 
scribed in  an  extract  by  M.  Feltz.^     The 
temperature  of  maximum  density  arrived 
at  by  this  series  of  observations  is  4  deg. 
-07  Cent.,  or  39.326  Fah. 

As  his  first  determinations  only  extended 
to  50  deg.  Cent.,  he  resumed  his  experi- 
ments in  1868  ;  ||  and  the  result  of  his 
second  memoir  extends  from  — 4  deg.  Cent. 
below  the  freezing  point,  to  the  boiling  tem- 
perature. The  care  with  which  his  instru- 
ments were  made  and  tested,  and  his  own 
knowledge  as  an  experimenter,  coupled 
with  the  opinions  of  others  qualified  to 
judge  of  the  necessary  corrections  on  the 
labors  of  previous  experimenters,  his  deter- 
minations should  have  a  high  value  set 
upon  them ;  but,  like  Professor  Miller,  he 
prefers  taking  the  mean  result  of  many 
high    authorities'    observations,   instead    of 

I    §  Annales  de  Chimie,  4  serie,  torn.  10,  1867. 
,i|  Annates  de  Chimie,  4  serie,  torn.  17,  1S69. 


relying   wholly   on   his  own    observations. 
In  the  second  memoir  the  maximum  den- 
sity of  water  is  stated  at  4.04  deg.  Cent., 
but  again  he    sums  up   the  united  deter- 
minations  of  eight    notable   philosophers, 
and  adopts  the  mean,  which  is  4  deg.  Cent. 
or  39.2  Fah.  ;  and  this  is  exactly  the  tem- 
perature fixed  by  Despretz.     Every  experi- 
menter  since    Despretz   (1839),    including 
Matthiessen  and  Eossetti,  considers  his  ob- 
servations,   their    regularity    and    defined 
amount  at  all  temperatures,  of  the  highest 
value.     Now,  a  formula  which  would  indi- 
cate the   curve,   showing  the  dilatation  of  a 
volume   of  distilled  water,  has  been  pub- 
lished by  nearly  every  investigator  of  the  sub- 
ject; but  to  trace  the  curve  from  maximum 
density  to  the  boiling  temperature,  with  any 
degree  of  accuracy,  two  or  more   series  of 
constants  had  to  be  adopted.    Kopp,  Pierre, 
and  Matthiessen  state  their  inability  to  dis- 
cover a  simple  formula  which  would  include 
that   range.       The    formula   given   by   M. 
Eossetti  very  well  fulfils  the  conditions,  but 
as  some  of  the  powers  necessitate  additional 
fractions  of  powers,  and  also  as  some  of  the 
terms   have    to    be    subtracted    from   the 
others,  they  cannot  be  termed  simple  for- 
mulae ;  moreover,  at  temperatures  consider- 
ably above  the  boiling  point,  in  many  for- 
mulas, including  Eossetti's,  the  minus  term 
becomes  greater  than  the  plus   term  from 
which  it  has  to  be  subtracted,  and  is  conse- 
quently usless  without  renewed  constants. 
After  gathering  all  the  information  that 
could  be  obtained  on  the  subject,  the  writer 
has  adopted  a  simple  formula  which  fulfils 
all  the  conditions,  and  agrees  so  nearly  with 
the  mean  determinations  of  others,  that  he 
has  been  led  to  advance  it  for  your  consider- 
ation. 

The  third  column  of  Table  I.  has  been  ex- 
tracted from  Professor  Mdler's  paper  "  On 
the  Standard  Pound,'7  before  referred  to,  and 
gives  the  mean  values  of  Pierre,  Despretz. 
and  Kopp's  observations  corrected  by  him- 
self. 

The  fourth  column  gives  the  deductions 
by  the  new  formula,  so  that  they  may  be 
readily  compared.  It  will  be  observed  that 
the  greatest  difference  is  about  0.00001. 
Table  II.  (see  page  439)  has  been  extracted 
from  M.  Eossetti's  second  memoir,  and  in- 
cludes the  observations  of  Kopp,  Pierre,  Des- 
pretz, Hagen,  Matthiessen,  Eossetti.  Weid- 
ner,andKremers,  and  the  mean  value  of  all 
these  together  has  been  taken  by  him  as 
the  nearest  approximation  to  the  exact  di- 
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latation  of  pure  distilled  water,  and  is  given 
in  the  eleventh  column.  The  twelfth  col- 
umn gives  the  deductions  by  the  formula 
under  consideration.  It  may  be  mentioned 
that  those  observations  marked  by  an  as- 
terisk were  discarded  by  Rossetti  as  evi- 
dently wrong. 

Table  I. 


Mean 

Tempera- 

Tempera- 

of  Pes  pre  tz, 

ture 

tare 

Pierre 

Bv  Formula. 

Cent. 

Fahr. 

and  Kopp's 
experiments. 

3.945 

39.1 

1.C00O0O 

1.000000 

5 

41.0 

1.00000S 

1.000009 

6 

42.8 

1.000032 

1.000033 

7 

44.6 

1.000070 

1.C00071 

8 

46.4 

1.000121 

1.000123 

9 

48.2 

1.000186 

1.0001SS 

10 

50.0 

1.000265 

1.000267 

It 

51.8 

1.000356 

1.000359 

72 

53.6 

1.000463 

1.000464 

la 

55.4 

1.000578 

1.000581 

14 

57.2 

1.000708 

1.000710 

15 

59.0 

1.0  0S55 

1.000852 

16 

60.8 

1.001005 

1.001005 

17 

62.6 

1.001176 

1.001170 

IS 

64.4 

1.001353 

1.001316 

19 

66.2 

1.001541 

1  001534 

20 

68.0 

1.001743 

1.001732 

21 

69.8 

1.001952 

1.001941 

ii 

71.6 

1.002169 

1  002161 

23 

73.4 

1.002394 

1.002391 

24 

75.2 

1.002642 

1.002631 

10 

77.0 

1.002880 

1.002881 

To  depart  a  little  from  the  subject :  some 
thirteen  or  fourteen  years  ago  the  writer 
was  engaged  with  some  experiments  on  the 
loss  of  heat  by  suddenly  expanding  steam, 
and  at  that  time  gave  this  institution  his 
views  on  the  subject.  In  that  paper  (Vol- 
ume I.  of  the  Transactions  of  this  institu- 
tion, page  103),  he  stated  that  "  Steam 
when  suddenly  expanded  extracts  heat 
from  surrounding  bodies,  and,  from  the  ex- 
periments which  I  have  adduced  as  proof 
of  this  phenomenon,  it  would  appear  to  de- 
mand an  exact  equivalent  of  heat  for  the 
increase  of  its  own  motion." 

No  attempt  was  then  made  to  define  the 
amount,  but  Messrs.  Cazin  and  Hirn  have 
since  instituted  an  elaborate  series  of  exper- 
iments on  this  subject,  with  a  view  to  de- 
termining the  amount  of  heat;  and  the 
full  descriptions  of  their  method,  and  the 
determinations  therefrom,  have  from  time 
to  time  appeared  in  the  different  volumes 
of  the  "  Annales  de  Chimie,"  and  the  result 
of  their  labors  proves  beyond  doubt  that 
suddenly  expanded  steam,  at  ordinary  tem- 
peratures, loses  heat  by  what  they  term  in- 
ternal work,  i.  e.,  the  work  is  overcoming 
the  viscosity  of  inherent  forces  which  ap- 


pear to  resist    the   expansion   of  its   own 
body. 

To  return  to  our  subject,  Mr.  Hirn*  very 
carefully  prepared  a  thermometric  appara- 
tus, by  which  he  could  determine  the  ex- 
pansion of  water  at  temperatures  above 
the  boiling  point,  with  a  view  to  defining 
the  amount  of  heat  necessary  to  overcomo 
its  own  inherent  forces,  which  is  also 
termed  internal  work,  and  gives  the  results 
and  his  determinations  up  to  200  deg. 
Cent.,  or  392  deg.  Fah.,  although  the  actuaL 
experiments  only  extended  to  about  182 
deg.  Cent.,  or  359.6  Fah. ;  but  from  a  for- 
mula of  interpolation,  the  dilatations  are- 
given  in  Table  III.,  column  third. 

Table  III. 


Temperature 
Centiirrade. 


100 
120 
140 
160 
180 
'200 


Temperature 
Fahrenheit. 


Interpolated 

by 

M.  Hint 

from  his 

experiments. 


212 
248 
284 
320 
356 
392 


1.04315 
1.05992 
1.07949 
1.10149 
1.12678 
1.15899 


Bv  Formula. 


1.04313 
1.05992 
1.07932 
1.10153 
1.12678 
1.15532 


Those  experiments  by  Hirn  are  the  only 
observations  above  the  boiling  temperature 
that  the  writer  has  been  enabled  to  trace,, 
and  therefore  he  must  rely  on  them  solely 
in  comparing  the  deductions  by  the  new 
formula  with  them,  and  with  the  exception 
of  that  at  200  deg.  Cent.,  which  has  only 
been  interpolated  from  a  formula  construct- 
ed by  himself  to  trace  the  curve  of  dilata- 
tion, the  lower  observed  temperatures  and 
the  formula  very  nearly  agree.  M.  Hirn 
speaks  highly  of  the  observations  of  Despretz. 
at  temperatures  below  the  boiling  point;  in 
fact,  he  has  chosen  these  determinations  to 
measure  the  capacity  of  his  experimental 
apparatus.  Many  of  the  most  eminent 
philosophers  have  been  attracted  by  this, 
subject,  believing  that  a  thorough  notion 
of  the  exact  laws  by  which  water  expands, 
by  heat  cannot  but  lead  to  more  correct  no- 
tions regarding  (steam)  the  vapor  of  water, 
and  the  vapors  of  other  volatile  liquids,  as 
well  as  forming  an  exact  relative  measure 
for  the  determinations  of  the  properties  of 
other  bodies.  Dr.  Andrews'  invaluable  ex- 
periments    on    the     "  Continuity    of    the 
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Gases  "*  leads  to  the  notion  of  only  one 
state,  and  what  may  he  said  of  the  gas  or 
vapor  of  any  liquid  may  also  he  said  of  the 
liquid  itself,  the  difference  being  merely  in 
degree. 

The  following  formula  was  adopted  from 
a  study  of  a  great  number  of  formulae,  and 
the  deductions  therefrom  compared  with 
the  most  recent  observations  up  to  the  boil- 
ing temperature,  and,  as  it  gave  very  exact 
deductions  of  the  mean  values  through  that 
range,  the  writer  was  afterwards  pleased  to 
find  that  the  formula,  with  the  same  con- 
stants, also  included  the  observations  of 
Hum,  which  extend  nearly  as  far  above  the 
boiling  temperature  as  the  other  experi- 
ments extend  above  that  of  maximum  den- 
sity. There  are  but  three  constants,  and 
the  logarithm  of  the  temperature  t,  multi- 
plied by  two,  gives  the  second  multiplier, 
and  that  multiplied  by  two.  again  gives  the 
third  multiplier,  consequently  it  becomes  a 
very  simple  formula,  and  a  number  of  de- 
ductions at  different  temperatures  may 
easily  be  computed  in  as  many  minutes  ; 
moreover,  it  is  the  only  formula  which  in- 
cludes the  whole  range,  and  agrees  much 
more  nearly  with  the  mean  of  all  the  ob- 
servations than  any  two  experiments  when 
compared  with  each  other. 

The  constants  of  the  formula  have  been 
arranged  for  Fah.  degrees,  with  the  abso- 
lute temperature  of  461.2  deg.  Fah.,  and 
the  maximum  densitv  of  pure  distilled 
water  39.2  Fah. 

FoKMULA. 

at  +  bi2  +  cl* 


V  =  1.0x 


T„ 


T,  the  absolute  temperature  measured  from 
461.2  deg.  Fah.  below  ordinary  zero. 

t,  the  temperature  measured  from  that  of  maxi- 
mum density,  39.2  deg.  Fah. 

V,  the  volume  of  water,  that  at  maximum  den- 
sity being  equal  to  1.000000. 

Constants. 

a.  =  0.2863  Logarithm  L45682 1 3 

b.  =  0.5726  1/7578513 

c.  =  0.0000026913  6.4299621 


The  Iron  Mountain  Railroad  Company  are 
about  to  commence  the  erection  of  a 
large  rolling  mill  on  the  bants  of  the  Mis- 
sissippi, immediately  south  of  the  river  Des 
Peres.  It  will  give  employment  to  a  large 
number  of  men,  and  will  be  first  class  in 
every  respect. 

*  Philosophical  Transactions,  London,  1S69. 


REPORTS  OF  ENGINEERS"  SOCIETIES. 

The  American  Pig  Iron  Manufacturers' 
Association  assembled  in  Convention  at 
Cleveland,  Ohio,  on  June  27th.  The  attendance 
was  large.  Delegates  were  present  from  all  sec- 
tions, the  "West  being  most  largely  represented. 
The  meeting  was  called  to  order  by  A.  B.  Stone, 
Esq.,  President  of  the  Cleveland  Rolling  Mill 
Company,  Vice-President  of  the  Association. 

The  minutes  of  the  meeting  of  organization 
held  in  New  York,  January,  1872,  having  been 
read,  a  communication  was  received  from  Mr. 
David  Thomas,  stating  his  inability  from  ill  health 
and  age  to  retain  the  position  of  President  of  the 
Association. 

The  resignation  of  Mr.  Thomas  was  received 
with  expressions  of  regret,  and  Mr.  A.  B.  Stone, 
of  Cleveland,  elected  to  fill  the  vacancy. 

The  Constitution  was  amended,  and  officers 
elected.    The  following  is  a  correct  list : 

President — A.  B.  Stone,  Cleveland,  Ohio. 

Vice-Presidents — Eastern — Edward  L.  Cooper, 
New  York ;  Mr.  Firmstone,  Pennsylvania ;  Henry 
McCormick,  Pennsylvania.  Western — Gen.  Jas. 
Pierce,  Pennsylvania ;  A.  B.  Cornell,  Ohio  ;  A.  B. 
Meeker,  Illinois. 

Treasurer — Geo.  W.  Whitaker,  Pa. 

Managers  and  Executive-  Committee — A.  B. 
Stone,  Cleveland,  O.  ;  Edward  L.  Cooper,  New 
York ;  Mr.  Firmstone,  Glendon,  Pa._;  Henry 
McCormick,  Harrisburg,  Pa. ;  General  James 
Pierce,  Sharpsville,  Pa. ;  A.  «B.  Cornell,  Youngs- 
town,  O. ;  A.  B.  Meeker,  Joliet,  111. ;  James  I.  Ben- 
nett, Pittsburg,  Pa. ;  O.  W.  Potter,  Chicago,  111. ; 
J.  H.  Maxon,  St.  Louis,  Mo. ;  Samuel  Thomas, 
Catasauqua,  Pa. ;  Geo.  W.  Whitaker,  Bethlehem, 
Pa. ;  W.  F.  Bartlett,  "West  Stockbridge,  Mass. ;  Mr. 
Hall,  St.  Louis,  Mo. 

Secretary — Thos.  Dunlap,  Philadelphia.  Office, 
341  Walnut  street,  Philadelphia. 

The  morning  was  spent  in  discussing  important 
topics  of  strictly  trade  interest.  In  the  afternoon 
new  members  were  elected,  among  which  were 
leading  companies  of  the  Lake  Superior  region, 
many  from  Missouri,  Indiana,  Ohio,  and  Western 
Pennsylvania. 

Communications  were  received,  one  from,  the 
Hanging  Rock  Iron  Association,  of  Ohio,  urging 
the  universal  adoption  of  the  2,000-pound  ton  in  all 
iron  transactions  throughout  the  United  States. 
In  view  of  the  importance  of  this  subject,  final  ac- 
tion was  suspended  until  the  October  meeting. 
The  views  of  members  as  to  the  condition  and  pros- 
pects of  the  trade  throughout  the  country  were 
very  freely  exchanged.  It  is  clear  from  the  re- 
ports thus  made  that  stocks  of  pig-metal  were 
never  lower  ;  that  the  demand,  instead  of  falling 
off,  is  increasing,  and  that  the  new  furnace  capacity 
now  building  is  not  of  sufficient  size  to  relieve  the 
scarcity,  even  when  in  blast. 

The  Secretary  read  a  report,  reviewing  the  his- 
tory of  the  trade  since  the  advance  here  and  abroad, 
and  the  condition  of  the  furnace  interest,  and  giv- 
ing statistics  of  imports  and  domestic  production. 
The  report  was  ordered  to  be  printed,  together 
with  the  proceedings  of  the  Convention,  and  sent 
to  every  furnace  company  in  the  United  States. 

It  was  determined  to  include,  by  the  October 
meeting,  every  furnace  in  the  United  States  as 
members.    The  Convention  adjourned,  to   meet  at 


IRON    AND    STEEL    NOTES. 


441 


Pittsburj 

1872. 


on   the    third  Wednesday  in   October, 


The  "  New-England  Association  op  Gas 
X  Engineers  "  held  the  semi-annual  meeting-  at 
Newport,  August  24.  Representatives  of  a  ma- 
jority of  the  gas  companies  of  New-England  were 
present,  together  witli  Messrs.  J.  R.  Thomas,  "W". 
R.  Thomas,  T.  F.  Rowland,  and  Dr.  Smith,  of 
Brooklyn,  N.  Y.,  and  Prof.  Stimpson,  of  Kansas 
University,  as  visitors. 

Vice-President  George  Dwight,  of  Springfield, 
Mass.  (the  President  being  absent  in  Europe),  oc- 
cupied the  chair. 

The  morning  hour  of  the  session  was  devoted 
to  the  consideration  of  the  report  of  the  committee 
upon  the  subject  of  the  "  sizes  of  pipes  and  sup- 
plies." 

After  discussing  the  report,  Professor  T.  E. 
Stimpson,  of  Kansas  University,  presented  and 
read  a  paper  on  the  subject  of  "  Gas- Burners,' 
which  received  the  thanks  of  the  Association,  and 
was  ordered  to  be  printed  for  the  use  of  the  pro- 
fession. 

In  the  afternoon  the  Association,  by  invitation 
of  Mr.  T.  F.  Rowland,  made  an  excursion  down 
the  bay  on  Mr.  A  spin  wall  s  splendid  steam  yacht, 
Day  Dream,  past  Narragansett  Pier,  and  as  far  out 
as  Point  Judith,  which  they  examined  carefully 
with  good  marine  glasses.  On  returning  to  New- 
port, carriages  were  provided,  and  a  drive  occupied 
the  rest  of  the  day. 

A  meeting  was  held  in  the  evening,  when  mat- 
ters of  general  interest  to  gas  engineers  were  dis- 
cussed, and  adjournment  made  to  the  annual  meet- 
ing in  February. 

Thursday,  the  Association  visited  Narragansett 
Bay,  and  closed  its  labors  and  recreations  with  a 
clam-bake  and  a  shore  banquet. 

Science  for  Working  Men. — A  meeting  was 
lately  held  at  the  house  of  the  Society  of  Arts, 
London,  for  the  inauguration  of  a  new  system  of 
examinations  for  working-  men,  whereby  to  en- 
courage them  to  apply  themselves  to  the  study  of 
elementary  science  in  connection  with  their  vari- 
ous trades. 

For  some  years  past  there  have  been  certain  ex- 
aminations supported  by  the  Department  of  Sci- 
ence and  Art,  and  certain  others  by  the  Society  of 
Arts,  by  which  it  has  been  competent  for  an  artisan 
of  superior  self-education  to  obtain  such  authori- 
tative recognition  as  should  enable  him,  diploma 
in  hand,  to  seek  advancement  in  his  trade.  In  the 
course  of  what  took  place  at  this  meeting,  it  ap- 
peared that  in  the  Lancashire  district,  for  example, 
a  very  considerable  value  has  been  attached  to 
these  examinations.  The  present  project  is,  not 
to  overthrow  what  has  been  already  established  in 
this  form,  and  not  even  to  interfere  in  any  direct 
way  with  the  work  of  the  Science  and  Art  Depart- 
ment ;  but,  by  the  agency  of  the  Society  of  Arts, 
to  enlarge  the  field  of  study  to  which  the  principle 
shall  be  applied,  and  to  aim,  in  short,  at  doing 
something  towards  the  grand  idea  of  providing 
for  every  artisan  throughout  the  country  such 
specific  self-educational  directions  and  such  means 
of  examination  as  shall  enable  him  to  learn  the 
science  of  his  trade  as  well  as  its  rule-of-thumb, 
and  to  obtain  successive  recognitions  of  success, 
through    which    he    shall   be   raised   by   express 


diploma  to  one  degree  after  another  of  definite 
guild  rank.  It's  suggested  that  there  might  be 
three  grades  of  certificates,  thus  :  "  First,  the  ele- 
mentary grade,  or  what  may  be  termed  the  work- 
man's certificate ;  secondly,  the  advanced,  answer- 
ing to  the  foreman  s  certificate  ;  thirdly,  honors, 
answering  to  the  manager's  certificate  ; '  besides 
which,  "  each  grade  may  further  be  subdivided 
into  two  classes — first  and  second."  To  bring  the 
scheme  to  a  bearing,  the  Council  of  the  Society  of 
Arts  resolved  "  to  hold  their  first  Technological 
Examination  in  1873,  and  to  take  up  as  th< 
jects  the  manufactures  of  Paj>er  and  Cotton. ' 


IU0ff  AND  STEEL  TOTS. 

Test  of  American  Iron  and  Steel. — The 
1  American  Society  of  Civil  Engineers,  at  its 
recent  session  adopted  a  resolution,  presented  by 
Gen.  Wm.  Sooy  Smith,  providing  for  a  committee 
of  the  Society  to  memorialize  the  U.  S.  Govern- 
ment, and  urge  it  to  appoint  a  commission  to  make 
a  thorough  set  of  tests  of  American  iron  and  steel. 
The  British  Government,  more  than  20  years  ago, 
appointed  such  a  commission  to  make  full  tests  of 
all  forms  and  processes  of  iron  manufacture,  and 
deduce  formulae  for  the  calculation  of  strength, 
which  are  still  in  use,  not  merely  in  Great  Britain 
but  in  this  country.  Given  any  problem  in  regard 
to  the  qualities  and  strength  of  any  form  of  iron 
manufacture, — even  any  of  the  numerous  forms 
that  have  since  been  produced, — and  tha  engineer 
simply  turns  to  his  hand-book  containing  formula? 
in  which  the  coefficient  adopted  by  the  British 
Commisson  is  used. 

English  and  American  irons  differ  from  each 
other  in  certain  general  characteristics.  American 
iron  is  softer  than  English.  As  respects  resistance 
to  tension  strain,  it  is  more  ductile,  tougher:  while 
yielding  more  readily  to  immediate  force,  it  will 
stand  a  greater  ultimate  strain  ;  also,  it  undergoes 
vibration  withouth  crystallizing  better  than  does 
English  iron.  English  iron,  being  harder,  stands 
a  greater  immediate  tension  strain,  but  yields  to  a 
less  ultimate  force,  and  crystallizes  more  readily 
under  vibration.  As  respects  compressive  strain, 
the  same  general  difference  exists ;  it  is  believed 
that  English  cast  iron,  being  harder,  will,  as  the 
rule,  resist  greater  compression  than  does  ours. 

Had  the  English  formula?  been  originally  adapt- 
ed to  the  determination  of  the  strength  of  American 
products,  the  multiplication  of  new  forms  and 
qualities  of  iron  in  this  country  must  long  since 
have  rendered  them  inapplicable  in  very  many 
cases.  There  is  a  multitude  of  new  forms  and  pro- 
cesses that  have  never  been  tested  by  any  body  of 
experts  having  authority  to  decide.  Many  experi- 
ments have  indeed  been  made ;  but  conducted  by 
private  parties,  intei'ested  in  the  manufacture  and 
use  of  iron  and  steel  in  one  or  another  of  its  several 
varieties.  They  generally  demonstrate  the  superi- 
ority for  some  special  purpose  of  some  particular 
process  of  manufacture  or  form  of  product.  More- 
over, these  experiments  are  of  little  general  value. 
inasmuch  as  they  have  never  been  collated  and  ex- 
pressed in  any  formulae  applicable  to  our  materials 
and  processes  generally.  In  regard  to  no  other 
product,  perhaps,  do  these  considerations  have  so 
much  force  as  in  respect  to  Bessemer  steel,  which 
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has  come  into  being  since  the  British  Commission 
made  its  tests  and  deduced  its  formulae  ;  while  not 
merely  does  English  Bessemer  differ  from  Ameri- 
can, but  American  varieties  differ  materially  from 
one  another.  At  the  same  time  new  processes  of 
steel  manufacture  are  constantly  presented,  and  ex- 
perts have  no  formulae  applicable  to  all,  by  which 
their  value  can  be  conclusively  ascertained. 

We  need  do  no  more  than  suggest  the  value  in 
general  -which  a  long  and  full  series  of  tests,  thor- 
ough in  each  case  and  extending  to  all  varieties  of 
American  iron  and  steel,  would  possess.  Such 
facts  would  at  once  put  us,  in  our  iron  manufac- 
tures, a  century  ahead  of  our  present  position.  No 
single  cause, — not  all  other  causes  combined,  per- 
haps,— did  so  much  to  give  England  the  high  po- 
sition she  at  once  attained,  or  to  maintain  her  un- 
disturbed therein  to  tbe  present  time,  as  did  the 
labors  of  her  Commission.  The  value  of  such  a 
series  of  tests  of  American  iron,  is  thoroughly 
appreciated  by  the  most  eminent  of  our  engineers 
and  manufacturers.  General  Smith,  about  a  year 
ago,  addressed  the  present  Secretary  of  War  upon 
this  matter,  and  he  had  no  difficulty  in  securing 
the  hearty  co-operation  in  his  memorial  of  six  of 
the  largest  bridge-building  establishments  in 
the  United  States.  The  importance  of  the 
proposed  tests  is  thoroughly  appreciated  by  the 
members  of  the  American  Society  of  Civil 
Engineers ;  and  now  that  this  competent  and 
influential  body  has  taken  the  matter  in  hand, 
it  would  seem  that  G-overnment  cannot  hesitate 
a  moment — when  once  the  subject  is  placed 
before  it — to  order  and  provide  for  the  pro- 
posed tests.  That  the  scheme  will  come  before 
Government  in  a  manner  to  command  attention 
and  respect,  the  character  of  the  committee  assures 
us.  It  consists  of  Gen.  AVm.  Sooy  Smith,  Chair- 
man ;  Gens.  Geo.  B.  McClellan  and  J.  G.  Barnard, 
Albert  Eink,  Esq.,  and  James  B.  Eads,  Esq.  These 
eminent  engineers  have  all  expressed  their  appro- 
val of  the  plan,  and  accepted  the  appointment  as 
members  of  the  committee.  General  McClellan, 
in  his  letter  of  accej>tance,  only  regrets  that  the 
Society  did  not  embrace  in  the  resolution,  along 
with  iron  and  steel,  all  other  materials  used  in 
engineering  processes  and  structures.  This  might 
readily  be  made  the  subject  of  additional  instruc- 
tions by  the  Society. — Chicago  Railway  Review. 

Condensing  Liquid  Steel.— Though  the  pro- 
cess of  hammering  large  ingots  or  heavy 
stocks  of  cast  steel,  when  their  interior  part  is  still 
in  a  semi-fluid  state,  has  been  carried  out  effectu- 
ally by  Krupp  of  Essen,  for  more  than  twenty-five 
years,  and  Mr.  Bessemer  patented  the  operation  of 
condensing  semi-fluid  cast  steel  by  means  of  the 
hydraulic  press  as  long  ago  as  1856,  the  impor- 
tance of  the  process  and  its  merits  are  not  so  ap- 
preciated that  it  would  seem  superfluous  to  direct 
the  attention  of  metallurgical  engineers  towards 
practical  investigations  which  were  carefully  made 
in  that  direction.  It  very  often  happens  that  a 
seemingly  common-place  invention  merits  the  pre- 
ference for  its  general  usefulness  before  a  more  in- 
geniously conceived  but  unpractical  idea,  and  the 
same  may  be  said  with  reference  to  Krupp's  and 
Bessemer's  modes  of  proceeding,  if  compared  with 
numerous  other  suggestions.  The  Bessemer  press 
has  even  the  great  advantage  before  the  steam 
hammer,  that  an  apparatus  of  much  less  weight 


and  cost  will  effect  the  solidification  of  a  block  of 
cast  steel  equally  well  and  reduce  the  so-called 
honeycomb  to  its  possible  minimum.  At  the 
Austrian  Steel  Works,  of  Neuberg,  in  Styria,  Che- 
valier Stummer,  of  Traunfels,  has  carried  out  a 
large  series  of  of  experiments  in  order  to  weld  the 
interior  particles  of  cast  steel  to  each  other  as  in- 
timately as  possible,  and  to  prevent  the  honey- 
comb, which  is  an  accumulation  of  fine  pores,  filled 
with  elastic  gases  which  are  inclosed  in  the  cooling 
metal.  The  principal  result  of  these  experiments 
is,  that  it  is  quite  possible  by  exposing  the  semi- 
fluid metal  to  a  great  pressure  to  unite  all  the 
pores  within  a  very  limited  space  in  the  centre  of 
the  steel  block.  This  fact  is  of  the  utmost  impor- 
tance in  the  manufacture  of  heavy  steel  ordnance, 
which  is  intended  to  bear  the  strain  of  very  great 
charges,  as  in  that  case  it  is  just  the  central  part 
of  the  barrel  which  is  bored  out  and  the  perfectly 
sound  part  of  it  left  to  form  the  wall  of  the  gun. 
Thus  a  pressure  of  from  6  to  9  tons  on  the  square 
inch  will  be  sufficient  to  compress  a  red-hot  steel 
ingot  before  its  solidification,  and  give  it  an  even 
structure  throughout  the  whole  mass,  while  the 
impact  even  of  a  very  heavy  steam  hammer,  like 
Krupp's  50-ton  hammer,  is  principally  spent  on 
the  outer  part  of  the  block,  and  the  result  will  be 
the  absorption  of  the  power  before  it  reaches  the 
centre,  and  the  exterior  of  the  mass  will  be  elon- 
gated and  cause  the  tearing  asunder  of  the  central 
part.  Only  very  heavy  hammers  or  rams  will  ef- 
fectually overcome  the  vis  inertias,  which  a  very 
heavy  casting  opposes  to  it. — Engineering. 

THE  Danes  Furnace. — At  various  works  in  the 
North  of  England,  the  construction  of  the 
Danks  Furnace  is  being  hurried  on.  A  number  of 
those  furnaces  will  soon  be  at  work,  and  practical- 
ly tested  on  a  large  scale.  At  some  places  arrange- 
ments are  being  made  for  running  the  pig  metal 
direct  from  the  blast  furnaces  into  the  Danks  pud- 
dling furnace,  and  it  is  thought  that  there  is  no 
reason  why  this  plan  should  not  be  adopted  in  all 


Another  New  Puddling  Furnace. — Another 
new  rotary  puddling  furnace  has  been  invent- 
ed by  Mr.  Defty,  a  working  man  in  Middles- 
brough. His  plan  is  to  feed  a  long  revolving 
chamber  from  a  cupola,  and  run  off  constantly  into 
ingots  the  puddled  iron. 

The  Iron  Trade  in  the  North  of  England. 
— Buildings  involving  an  immense  outlay  are 
now  in  course  of  erection  at  Stockton-upon-Tees, 
Middlesbrough,  and  other  surrounding  places  in 
the  North  of  England,  in  order  to  meet  the  re- 
quirements demanded  by  the  extraordinary  im- 
petus which  has  been  latterly  given  to  the  iron 
trade  in  that  district.  The  quantity  of  pig  iron 
produced  in  the  neighborhood  is  at  the  rate  of 
about  2,000,000  tons  per  annum,  or  a  value  of 
£10,000,000  at  present  prices.  It  will  be  admitted 
that  this  is  something  enormous  both  in  quantity 
and  value,  and  yet  it  is  inadequate  to  the  vast  re- 
quirements of  the  trade,  the  demand  being  con- 
siderably in  excess  of  what  can  possibly  be  pro- 
duced. This  being  so,  the  various  firms  are  en- 
deavoring by  every  means  to  increase  their  pro- 
ductive powers  by  the  erection  of  new  blast  fur- 
naces.    At  the  present  time  there  are  not  less  than 
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thirteen  new  furnaces  in  course  of  erection  at 
Stockton  and  the  immediate  neighborhood,  repre- 
senting a  value  of  £260,000,  in  addition  to  which 
several  of  the  leading  iron-masters  are  about  to 
erect  new  and  distinct  works.  Several  new  schemes 
represent  a  total  capital  of  £1,018,000  about  to  be 
laid  out  in  new  works  and  buildings,  in  addition 
to  other  works  now  being  carried  out ;  and  the 
total  capital  required  for  the  completion  of  new 
works  and  the  extension  of  established  concerns 
within  the  next  twelve  months,  as  at  present 
decided  upon,  is  estimated  at  from  £1,500,000  to 
£2,000,000.— Builder. 


RAILWAY  NOTES. 

The  Union  Railroad  Company's  Tunnel. — 
X  At  the  present  time  there  are  in  course  of  con- 
struction, two  tunnels  beneath  the  city  of  Balti- 
more. That  of  the  Baltimore  and  Potomac  Rail- 
road Company  will  be  about  1^-  miles  long;  the 
other,  by  the  Union  Railroad  Company,  has  for 
its  object  the  connection  of  all  the  roads  with 
tide- water,  and  also  to  afford  a  passage  around  the 
city  by  steam-power,  thus  dispensing  with  the 
hauling  of  goods  and  passengers  through  the 
streets  with  horses. 

The  Union  tunnel  is  being  constructed  under 
the  bed  of  Hoffman  street,  which  runs  east  and 
west.  From  facade  to  facade  it  is  3,400  ft.  long. 
It  is  formed  of  a  semicircular  arch  of  five  brick 
rings,  and  an  invert  of  foiir  bricks.  In  some 
places,  where  a  good  rock  bottom  exists,  the  in- 
vert is  dispensed  with. 

About  450  men  and  90  horses  are  engaged  on 
the  work.  The  material,  which  is  mostly  sand, 
is  excavated  to  the  whole  depth  of  the  cut ;  the 
arch  is  then  built  and  the  material  replaced  over 
it.  The  tunnel,  with  the  exception  of  about  360 
ft.  which  is  being  drifted,  is  worked  in  this  way  ■: 

About  one-third  of  the  arch  is  finished  at  the 
present  time  (July  22d',  and  the  whole  tunnel  is 
expected  to  be  finished  and  ready  for  trains  by 
next  January. 

The  arch  is  being  built  in  sections  of  50  ft.  in 
length,  and  these  sections  are  being  constructed  at 
five  or  six  points  simultaneously. — Franklin 
Journal. 

THE  "  Comptoir  des  Houilles." — The  imper- 
fections in  transport  arising  from  the  over 
traffic  of  the  railroads,  and  the  imperfections  of 
the  system  of  internal  navigation,  have  for  the 
moment  been  somewhat  improved;  but  another 
and  still  more  serious  matter  is  anticipated,  arising 
from  the  fact  that  the  difference  between  the  coal 
prodxiction  and  consumption  in  France  is  50  per 
cent.  In  order  to  mitigate  this  double  evil — the 
want  of  coal  and  the  insufficiency  of  transport — 
30,000  wagons  must  be  established,  and  an  addi- 
tional supply  of  25,000,000  tons  of  coal  must  be 
found  within  the  next  five  years.  Now  it  is  to  be 
feared  that  neither  England,  nor  Prussia,  nor  Bel- 
gium will  be  in  a  condition  to  furnish  this  quan- 
tity. It  is  from  France  itself,  indeed,  that  the 
additional  supply  must  be  drawn. 

It  is  upon  this  basis  that  a  new  company  has 
just  been  established  in  Paris,  called  the  "  Comp- 
toir  des  Houilles,"    which  has   for   its  object  the 


development  of  the  production  of  coal,  and  to 
establish  means  of  cheap  transport.  This  com- 
pany, the  establishment  of  which  has  been  encour- 
aged by  many  important  manufacturers,  will  seek 
to  obtain  this  double  result  by  the  following  means. 
It  will  offer  to  the  concessionaires  of  mines  the- 
means  of  develojjing-  their  concessions  ;  it  will  ob- 
tain capital  for  the  working  of  mines  which  require 
assistance  to  develop  their  resources ;  and  it  will 
establish  a  special  mineral  rolling  stock  of  its  own 
for  running  over  the  existing  railways.  As  a  com- 
mencement, the  company  starts  with  £6'  i,0 

tal,  but  it  has  powers  to  increase  to  £400,000.  The 
spirit  of  this  undertaking  is  most  praiseworthy,  and 
it  is  one  amongst  many  others  now  being  estab- 
lished in  France  to  assist  and  to  develop  her  spirit  of 
enterprise. 

Railway  in  Egypt. — The  staff  of  surveyors  and 
assistants,  nearly  thirty  in  number,  taken  out 
by  Mr.  John  Fowler,  C.  E.,  to  make  a  survey  for 
a  railway  in  the  Valley  of  the  Nile,  have  returned, 
after  having  successfully  completed  their  work. 
The  line  surveyed  is  about  600  miles  in  length, 
and  commences  at  Wady  Kalfah,  near  the  second 
cataract,  and  terminates  at  Khartum,  where  the 
Blue  and  the  "White  Nile  unite  their  waters,  above 
the  sixth  cataract.  For  nearly  three-fourths  of 
its  length  the  line  will  be  on  the  edge  of  the  Val- 
ley of  the  Nile,  about  three-fourths  of  a  mile  from, 
the  river,  and  constructed  above  the  level  of  the 
periodical  inundations.  At  the  commencement  of 
the  great  bend,  between  18  cleg,  and  16  deg.  north 
latitude,  the  railway  will  leave  the  valley,  and 
proceed  by  a  direct  line  across  the  desert  of  Bayuda 
to  a  point  near  the  sixth  cataract,  whence  it  will 
follow  the  valley  southwards  to  Khartum,  the 
intended  terminus  for  a  time. 

Improved  Railway  Service  to  Scotland. — 

1  The  Great  Northern  Railway,  competing  for  the 
Scotch  traffic,  are  about  to  put  on  a  new  service  of 
trains  by  which  London  will  for  the  first  time  be 
broughtto9JS  hours  of  the  Scottish  metropolis.  These- 
trains  will  carry  first  and  second  class  passengers 
only,  and  leaving  King's-cross  at  10.0  A.  M.,  will 
arrive  in  Edinburgh  at  7.30  P.  M.,  and  Glasgow  at 
9.0  P.  m.,  two  hours  earlier  than  by  either  of  the 
competing  routes.  This  important  saving  of  time 
will  be  chiefly  accomplished  by  a  reduction  in  the 
number  of  stoppages,  which  it  is  intended  to  limit 
to  Peterborough,  Grantham,  York,  Newcastle,  and 
Berwick-upon-Tweed.  The  new  service  will  com- 
mence on  Saturday,  the  1st  of  June,  and  no  inter- 
ruption will  occur  in  the  existing  ordinary  traffic- 
beyond  a  delay  of  ten  minutes  in  the  departure  of 
the  train  now  leaving  Kin^'s-cross  at  10  o'clock. 


ENGINEERING  STRUCTURES. 

CANALS. — While  the  greater  part  of  the  inland: 
carrying  trade  is  being  performed  by  railroads. 
and  their  development  occupies  the  principal  at- 
tention of  parties  engaged  in  that  business,  ca- 
nals do  not  seem  to  be  entirely  forgotten.  Ever 
since  the  commencement  of  the  Suez  canal  we  have- 
been  assured  by  eminent  engineers  (chiefly  Eng- 
lish) that  it  would  be  a  failure.  It  has  been  sug- 
gested that  these  prophecies  were  not  entirely  dis- 
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interested,  that  under  them  lurked  a  desire  on  the 
part  of  the  prophets  to  get  a  controlling  interest 
in  the  stock  of  this  "  failure."  Be  this  as  it  may,  they 
have  come  to  grief.  The  canal  is  not  a  failure. 
The  report  of  M.  Lesseps,  the  engineer,  has  lately 
been  made,  and  from  it  appear  the  following  facts  : 
All  the  works  on  the  canal  proper  have  been  fin- 
ished, and  the  station  or  halting  place  of  the  Tim- 
sah  lake  has  now  been  completed.  This  gives  the 
company  an  internal  port  for  ships  to  halt  in,  etc., 
of  about  fifty  acres  superficies  and  26  ft.  2  in.  deep. 
The  bed  of  the  canal  for  one  hundred  miles  from 
Port  Said  to  Suez  has  everywhere  reached  the 
depth  of  27  ft.  2  in.  Estimating  from  the  experi- 
ence of  the  past  two  years,  the  annual  maintenance 
•of  the  canal  proper  wiil  cost  824,000  francs.  Eor 
facing  certain  of  the  banks  with  stone  and  sundry 
repairs  to  the  dykes  and  breakwaters  at  Suez,  58,400 
francs ;  for  the  renewal  of  beacons  and  mooring 
posts,  27,600  francs.  The  facing  of  stone  will  be  com- 
pleted in  a  few  years,  and  then  that  item  will  be 
no  longer  needed.  Vessels  of  upwards  of  2,090 
tons  burthen  have  passed  through  the  canal  at 
an  average  speed  of  about  8  miles  per  hour,  and 
all  apprehension  of  delay  from  any  cause  is  en- 
tirely dissipated.  The  largest  merchant  vessels 
are  now  freighted  to  pass  through  the  canal  to 
Asia  and  the  East  Indies.  A  large  fleet  of  new 
iron  steamers  are  now  building  in  England  for  this 
route. 

A  company  has  been   formed  in  order  to  join 
Denmark    to    China  by   the    canal.      The   Aus- 
trian Government  has    established   a  regular  line 
between  Trieste  and  India.     Italy  is  going  to  in- 
crease the  steam  lines  between  Genoa  and  India, 
and  also  increase  the  general  Italian  traffic  in  the 
Indian  seas.     The  Russian   line   between   Odessa 
and  the  far  East  will  definitely  resume  its  voyages; 
and  Spain  is  in  constant  communication  with  the 
Philippine  islands,  through  this  artery ,by  a  mercan- 
tile fleet  carrying  the  Spanish  flag.     In  view  of 
these  facts,  the  canal  cannot  certainly  be  called  a 
failure,  and.  there  is  no  doubt  that  the  success  of 
M.  Lesseps  has  lately  stimulated  the  old  project  of 
cutting  a  canal  across  the  Isthmus  of  Darien,   and 
the  prospects  now  are  that  it  will  be  accomplished. 
The  inter-oceanic  canal  project  has  received  a  sud- 
den impetus,    and  a  delegation   of  Georgians  was 
lately  in  Washington  urging  upon  the  President 
and  Congress  the  absolute  necessity  and  feasibility 
of  the  route  and    giving   reasons   why   Congress 
-should  lend  it  a  helping  hand.     This  is  a  scheme 
of  uniting  the  waters  of  the  Ohio  and  Mississippi 
to  the  Atlantic  Ocean  by  the  following  route:  from 
mouth  of  the  Tennessee  river,  up  that  stream  to 
Guntersville,  Ala. ;  here   a  narrow  neck  of  land 
separates  the  Tennessee  from  the  Coosa,  a  distance 
of  about  thirty  miles ;  from  thence  up  the  Coosa 
to  Rome,  Ga.,  and  at  this  point  there  is  no  diffi- 
culty in  constructing  a  canal  across  to  the  Ocmul- 
gee  river,  and  this  will   open  navigation   to    the 
Atlantic  Ocean.     The  route  has  been  ascertained 
by  recent   surveys   to   be    eminently    practicable 
and  not  very  expensive,  the  estimated  cost  being 
less  than  twenty  millions.     The  real  intention  in 
this  project,  of  course,    is  to  benefit    the    strip    of 
country  lying  between  the  month  of  the  Tennes- 
see and  Ocmulgee;  as  merely  to  reach  the  Atlan- 
tic, it  would  be  much  cheaper  to  use  the  present 
-outlet,  or  cut  a  canal  through  to  Lake  Ponchar- 
rtrain. 
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HTHOTJSES   ON   THE  RjO  DE  LA  Pi,  ATA. — The 

following  details  will  be  found  of  interest  re- 
specting the  lighthouses  which  th''  Count  Albert 
de  Dax  is  about  to  have  constructed  upon  the  Rio 
de  la  Plata. 

Having  arranged  for  the  erection  of  two  light- 
houses, one  on  the  Cape  Saint  Marie  and  the  other 
on  the  English  Bank,  General  Gelly  y  Obes,  who 
is  associated  with  Count  de  Dax,  has  offered  to  the 
Governments  of  the  Argentine  Republic,  and  to 
that  of  Uruguay,  the  establisment  of  a  general  sy- 
stem of  lighting  the  River  delaPlata.The  project  has 
been  approved  by  these  Governments,  and  the  pro- 
tection of  the  eastern  bank  will  soon  be  perfected 
by  the  addition  of  new  lights. 

The  houses  already  erected,  or  in  course  of  con- 
struction, are  those  of  Saint  Marie,  the  lights  of 
which,  upon  the  Fresnel  system,  have  been  shown, 
since  the  15th  of  this  month,  to  ships  at  the  em- 
bouchure of  the  Grand  Rio. 

The  pharos  on  the  Isle  of  Lobos  will  be  finished 
in  1873,  and  its  beam  will  cross  that  of  the  Cape  Saint 
Marie,  of  the  east  point,  and  of  the  English  Bank, 
which  will  be  constructed,  in  1874,  upon  this  dan- 
gerous reef ;  this  house,  with  a  fixed  light  of  the 
first  order,  on  the  Eresnel  system,  will  have  a 
projection  of  25  miles.  This  immense  ray  of  light, 
which  will  start  from  a  point  131  ft.  above  the 
water  level,  will  point  out  the  breakers  in  north 
and  south  channels,  and  will  cross  with  the  lights 
on  the  east  point  of  the  Isle  de  Elores,  and  of  the 
Cerro  de  Monte  Video. 

The  breakers,  as  far  as  Monte  Video,  will 
thus  be  signalled,  thanks  to  the  lights  on  the 
Isle  de  Elores,  and  of  the  Cerro ;  and  if  pilots 
follow  the  route  to  Colonia,  the  course  will  become 
safe,  by  help  of  the  light  of  Bas-de-la-Panela,  at 
present  a  floating  station,  to  be  changed  for  a  fixed 
light  of  the  third  order,  placed  in  an  iron  tower 
59  ft.  high.  All  these  lighthouses  will  be  con- 
structed by  MM.  Sautter  and  Lemonnier,  of  Paris, 
who  have  already  been  engaged  upon  similar 
works  all  over  the  world. 


OHMANCE  AMD  NAVAL. 

LAUNCH  OF  THE  "PENNSYLVANIA." — The  follow- 
ing are  the  principal  dimensions  of  the  steam- 
ship Pennsylvania,  the  first  ship  of  the  American 
Steamship  Company's  Philadelphia  and  Liverpool 
Line: 

Length  over  all,  355  ft.;  length  from  forward 
part  of  stem  to  stern-post,  343  ft.;  from  forward 
part  of  stem  to  propeller,  336  ft.;  beam,  extreme, 
43  ft.;  depth  of  hold  from  top  of  floors  to  top  of 
spar  deck,  32  ft.  6  in.;  hold,  molded,  from  spar  deck 
stringer-plate  to  top  of  keel,  33  ft.  6  in.;  depth  of 
floor-plates,  2  ft.;  hold,  from  top  of  floors  to  top  of 
lower  deck,  16  ft.  8  in.;  from  top  of  lower  deck  to 
top  of  middle  deck,  8  ft.  4  in.;  from  top  of  middle 
deck  to  top  of  spar  deck,  7  ft.  6  in.;  from  top  of 
keel  to  top  of  spar  deck,  34  ft.  6  in.  Tonnage, 
O.M.,  3,016;  capacity  of  coal  bunkers,  720  tons. 
Cargo  space — Middle  between  decks,  65,101  cubic 
ft.,  at  40  cubic  ft.  per  ton,  1,627  tons;  after  hold, 
24,107  cubic  ft.,  602  tons;  forward,  42,082  cubic  ft., 
1,052  tons;  upper  between  decks,  22,946  cubic  ft., 
573  tons;  total,  154,236  cubic  ft.,  3,854  tons.  Ca- 
pacity for  a  cargo  of  compressed  cotton,  at  30  cubic 
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ft.  per  bale,  5,141  bales.  Her  draft  will  not  exceed 
20  ft.  6  in.  in  fresh  water,  with  coal  bunkers  full, 
and  a  dead-weight  cargo  of  1,740  tons  (2,240  lbs.) 
or  a  measurement  cargo  of  3,854  tons  (,40  cubic  ft.), 
also  a  full  complement  of  saloon  and  steerage  pas- 
sengers, officers  and  crew,  all  necessary  stores  and 
outfit  on  board.  Her  draft  is  not  to  be  less  than 
10  ft.  6  in. 

The  hull  and  ajipendages  have  been  built  and 
fitted  out  in  accordance  with  English  Lloyd's  Reg- 
ister, in  addition  to  which  the  main  or  middle  deck 
has  under  its  4  in.  yellow  pine  plank  a  deck  of  5-16 
iron  for  two-thirds  of  the  length  of  the  vessel,  se- 
curely fastened  to  the  stringer-plates  and  deck- 
beams. 

Passenger  accommodation  is  provided  for  70  in 
the  saloon,  wdiich  will  be  fitted  in  a  style  of  ex- 
treme elegance.  The  steerage  will  afford  ample 
room  and  comfortable  accomodation  for  854.  The 
average  contract  speed  is  to  be  11?  knots  on  an  av- 
erage consumption  of  40  tons  (2,240  lbs.)  of  coal  in 
24  hours. 

The  Pennsylvania  is  brig-rigged,  with  masts  54 
and  58  ft.  above  sjmr  deck,  with  topmasts  31,  16 
and  10  ft.;  yards,  63,  47  and  34  ft.  All  the  stand- 
ing rigging  is  of  wire,  of  proper  size ;  running 
rig  of  inanilla,  fitted  with  all  suitable  sails  and 
tackling  necessary  for  the  North  Atlantic  service. 

The  materials  entering  into  the  construction  of 
hull,  boilers  and  engines,  the  joiner-work  and  out- 
lit,  is,  as  far  as  possible,  of  American  manufacture. 
— Nautical  U-azette. 

Iron  Steam  Shipbuilding  on  the  Clyde. — 
The  really  commercial  introduction  of  steam 
navigation  in  Europe  was  due  to  Mr.  Henry  Bell, 
of  Helensburgh,  who,  on  the  18th  of  January,  1812, 
completed  the  Comet.     "We  are  indebted  to  Cap- 
tain Ericsson  for  the  first  complete  screw  steamer, 
which  he  accomplished  in  1837.     The  first  steamer 
built  of  iron  on  the  Clyde  was  the  Aglaia,  which 
was  launched  in  the  year  1827,  and  which  plied  on 
the  Loch  Eck,  en  route  to  Inverary.     The  Fairy 
Queen,  of  39  tons,  was  the  first  iron  steamer,  which 
plied  on  the  Clyde  in  1831.     This  vessel  was  con- 
structed at  the  Canal  Basin  Foundry — a  mile  and 
half  from  the  harbor  of   Glasgow— and  launched 
into  the  Clyde.     She  was  propelled  by  an  oscillat- 
ing engine,  probably  the  first  application   of  this 
form  of  engine  to  marine  purposes.     The  first  iron 
screw  steamer  was  the  Eire  Queen,  of  135  tons  and 
80  horse  power,  built  in  1845.     The  first  steamer 
which  plied  between  Glasgow  and  New  York  was 
the  City  of  Glasgow.     The  Royal  Sovereign — of 
447  tons — built  in  1839,  was  the  first  paddle  steam- 
er of  iron  which  plied  between  Glasgow  and  Liv- 
erpool.    An  iron  sailing  vessel,  built  in  1842,  plied 
between  Glasgow  and  Rotterdam  via  the  Forth  and 
Clyde   Canal.     As   an  illustration  of  our  day  of 
small  things  in  shipping,  it  is  stated  the  arrivals 
of  vessels  at  the  Broomielaw  for  the  month  of  July, 
1707,  of  which  there  were  22  in  all,  were  as  follows : 
six  vessels  of  2  tons  each,  five  of  10  tons,  four  of 
15  tons,  two  of  18  tons,  one  of  25  tons,  and  three 
of  35   tons — in  all,  318   tons.      The   revenue   of 
Clyde  Trust,  for  river  and  harbor  dues,  in  the  same 
year,  was  £1,975,  while  for  1871   it  amounted  to 
£164,188.     The  Customs  revenue  collected  at  Glas- 
gow for  1787  was  £370,  while,  for  the   past  ten 
years,  it  had  averaged  over  a  million  for  each  year. 
From  the  year  1812  to  1822,  inclusive,  there  were 


built  on  the  Clyde  48  steamers,  the  hulls  being  cf 
wood.  Of  these  the  Dumbarton  Gasth — at  1 1 
tons  and  32  horse-power — was  built  in  1815;  and 
was  the  first  to  attempt  to  extend  the  trip  to 
R,othesay.  The  trip  was  successful;  and  was  con- 
sidered so  extraordinary  a  feat  that  the  captain 
(James  Johnston)  was  presented  with  an  elegantly 
polished,  painted,  and  gilt  punch-bowl,  in  com- 
memoration of  the  event.  The  Britannia — 73 
tons  and  28  horse-power — was  built  in  1815;  and 
made  a  pleasure  excursion  to  the  Giant's  Causeway 
and  Londonderry,  Avhich,  at  the  time,  was  consid- 
ered a  great  risk.  But,  being  successful,  it  led  to 
the  trade  with  Londonderry.  The  Rob  Roy,  built 
by  Mr.  D.  Napier  in  1818,  of  56  tons  and  of  30 
horse-power,  was  the  first  seagoing  steamer  in 
Europe ;  it  was  at  once  put  on  the  station  between 
Glasgow  and  Belfast,  and  proved  very  successful.. 
— Em  i  leer. 
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I^he  Strains  in  Trusses  Computed  by  Means 
.  op  Diagrams.  By  F.  A.  Ranken,  M.  A. 
London  :  Longmans.  For  sale  by  Van  Nostrand. 
The  system  of  exhibiting  by  means  of  diagrams 
the  relative  strains  to  which  the  several  parts  of  a 
piece  of  framework  are  subjected  when  the  whole 
is  loaded  with  a  weight,  was  propounded  a  few 
years  ago  by  Professor  Clerk  Maxwell.  This 
work  will  greatly  aid  those  unacquainted  with 
the  method,  in  applying  it  to  various  kinds  of 
structures,  such  as  trussed  roofs  and  bridges.  The 
author  makes  no  claim  to  be  the  inventor  of  the 
system,  but  only  "  to  set  in  a  clear  light  the  the- 
ory and  method  of  computing  by  diagrams  the 
strains  in  trusses  bearing  a  constant  load,''  so  that 
"  it  may  be  found  intelligible  even  by  those  who 
have  no  previous  knowledge  of  statics."  He  com- 
mences his  treatise  with  an  explanation  of  the 
mode  in  which  forces  are  considered  in  statics,  the 
principle  of  resultants  and  components,  together 
with  the  parallelogram.  The  author  has  omitted 
to  demonstrate  the  steps  by  which  the  principles 
enunciated  can  be  reduced  to  the  system  of  stress 
diagrams  for  triangular  or  polygonal  trusses. 

After  giving  several  examples  of  the  balancing 
of  three  forces  to  familiarize  the  student  with  the 
method  of  forming  diagrams,  he  proceeds  with  the 
application  to  the  ordinary  forms  of  roof  trusses. 
beginning  with  the  king-post  truss,  and  proceed- 
ing with  more  elaborate  combinations  of  frame- 
work. Taking  12  to  represent  the  load  sustained 
by  each  truss,  he  finds  by  means  of  the  diagram 
what  portion  of  that  quantity  is  borne  by  each 
part,  and  whether  the  strain  is  tensile  or  compres- 
sive ;  he  assumes  that,  if  a  continuous  beam  is 
loaded  uniformly,  and  supported  in  the  centre  as 
well  as  at  each  end,  the  weight  borne  by  the  mid- 
dle prop  is  twice  the  weight  supported  by  each 
of  the  abutments,  and  when  there  are  two  equi- 
distant props  that  each  has  one-third  of  the  load 
to  carry,  the  two  abutments  carrying  the  other 
third  between  them,  and  so  on. 

In  the  examples  given  in  the  treatise  the  strain 
on  the  king  or  queen  post  from  the  weight  of  the 
tie-beam  is  omitted  "for  simplicity  ;'."  but  if  there 
is  a  ceiling  to  be  supported  by  the  tie-beam  this 
would  produce  one  of  the  most  important  strains 
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which  the  truss  would  have  to  bear,  and  ought  not 
in  any  case  to  be  neglected,  the  chief  business  of 
the  king  or  queen  post  being-  to  prevent  the  sag- 
ging of  the  tie-beam. 

The  effect  of  the  wind  is  by  far  the  most  impor- 
tant of  the  strains  which  a  roof-truss  has  to  sus- 
tain, and  this  is  taken  by  Mr.  Ranken  in  all  the 
examples  as  a  dead  weight  acting  equally  on  both 
sides  of  the  roof  at  the  same  time  ;  except,  how- 
ever, in  roofs  of  very  low  pitch,  this  would  lead  to 
very  inaccurate  results,  as  the  force  of  the  wind  is  al- 
most always  sustained  by  one  side  much  more  than 
the  other,  so  as  to  produce  a  racking  strain  upon 
the  framework ;  to  counteract  which  the  timbers 
must  be  made  much  stronger  than  if  they  had 
■only  to  sustain  a  uniform  vertical  weight  acting 
on  both  sides  alike.  The  stress  diagrams  ought, 
therefore,  to  be  always  drawn  on  the  hypothesis 
of  the  wind  being  at  right-angles  to  one  surface 
of  the  roof,  and  the  figures  will  then  have  a  very 
different  appearance  to  those  given  by  the  author. 

A  considerable  number  of  examples  are  fully 
worked  out  for  the  frameworks  of  girder  bridges 
.as  well  as  of  roofs,  by  mastering  which,  the  stu- 
dent will  find  that  he  has  acquired  great  facility 
in  the  application  of  the  principle  to  practical  pur- 
poses without  having  to  trouble  himself  about  al- 
gebraical or  trigonometrical  formulas ;  these  lat- 
ter, however,  cannot  be  dispensed  with  in  consid- 
ering trusses  exposed  to  the  action  of  a  travelling 
load,  as  in  railway  bridges,  to  which  this  system 
of  diagrams  is  hardly  applicable.  In  applying  the 
method  to  practical  uses,  care  should  always  be 
taken  to  ascertain  the  exact  mode  in  which  the 
strains  to  be  supported  are  applied,  as  otherwise 
very  erroneous  results  will  be  obtained,  by  which 
the  system  may  get  into  disrepute,  whereas  the 
mode  of  using  it  is  really  in  fault. 

The  system  of  computing  strains  in  trusses  by 
means  of  diagrams  has  hitherto  been  too  little 
known  or  practised  by  engineers,  and  the  present 
work,  although  not  so  accurate  as  might  have 
been  desired,  will  do  good  service  for  the  profes- 
sion by  showing  how  easy  it  is  in  application  after 
a  little  practice.—  Builder. 

Iron  as  a  Material  of  Construction:  A 
Handbook  for  the  Usf  of  Students  in 
Exgineering-. — By  William  Pole,  F.R.S.,  M.I. 
C.E.,  etc.  London :  E.  and  F.  N.  Spon,  Charing 
Cross.     Eor  sale  by  Van  Nostrand. 

The  constantly  increasing  application  of  iron  to 
constructive  purposes  attaches  importance  to  every 
effort  made  to  enable  the  engineering  student  to 
become  acquainted  with  the  leading  j3roperties  of 
the  material,  and  the  most  ready  means  of  ascer- 
taining its  quality  and  value  for  any  particular  use 
to  which  it  is  to  be  applied  ;  and  since  the  volume 
just  issued  under  this  title  comprises  the  substance 
■of  a  course  of  lectures,  delivered  by  Professor 
Pole,  F.R.S.,  at  the  Royal  School  of  Naval  Archi- 
tecture, South  Kensington,  revised  and  enlarged 
to  form  a  handbook  for  the  use  of  students  in  en- 
gineering, its  practical  value  will  be  readily  esti- 
mated. The  Professor  very  truly  remarks  that  it  is 
questionable  whether  the  substitution  of  iron  for 
stone,  brick,  etc.,  as  a  material  of  construction,  is 
not  being  carried  too  far,  and  whether  the  new 
perishable  substance  is  not  frequently  adopted  for 
the  sake  of  cheapness  or  facility  of  construction  in 
.cases  where  the  more  durable   but  less   tractable 


material,  stone,  would  be  more  appropriate,  more 
noble,  and  more  worth}'  of  the  profession  ;  but  as 
iron  is  now  the  favorite  material,  the  chief  con- 
sideration is  how  to  use  it  most  advantageously. 
In  the  present  volume  Prof.  Pole  has  confined 
himself  to  practical  facts  almost  exclusively,  hav- 
ing only  introduced  such  theoretical  matter  as  is 
necessary  to  explain  the  bearing  of  the  facts  given 
and  to  guide  their  practical  application. 

Referring  to  the  manufacture  of  pig  iron,  he 
supplies  an  outline  of  the  operations  which  go  on 
in  the  blast-furnace,  and  in  some  cases  furnishes 
the  French  or  German  equivalents  for  the  English 
technical  terms  ;  for  instance,  he  suggests  that  the 
name  boshes  is  probably  a  corruption  of  the  Ger- 
man baucli,  and  that  tuyaux  is  the  French  equival- 
ent for  tuyere.  He  gives  a  short  historical  notice 
of  some  of  the  prominent  inventions  connected 
with  the  iron  manufacture,  and  concludes  his 
chapter  with  a  few  statistics.  The  production  of 
malleable  iron  is  dealt  with  in  the  next  chapter, 
after  which  the  Professor  treats  of  the  me- 
chanical properties  of  iron  generally.  In  referring 
to  cast  iron  he  affords  some  very  useful  informa- 
tion ;  he  tells  us  that  it  is  not  all  pig  iron  that  is 
fit  for  making  castings,  for  pig  iron  is  also  used  for 
the  manufacture  of  malleable  iron,  and  the  qualities 
made  for  the  two  purposes  are  quite  distinct  from 
each  other.  The  process  of  melting  the  pig  and 
casting  it  into  the  required  shapes  is  called  iron 
founding  (from  the  French  fondre,  to  melt),  the 
place  where  it  is  done  is  an  iron  foundry,  and  the 
person  who  does  it  is  an  iron  founder.  The  first 
auty  of  the  founder  will  be  to  determine  what  kind 
of  iron  he  will  use  to  make  his  castings,  and  in  this 
he  will  be  guided  by  the  nature  of  the  object  to  be 
made,  and  the  purposes  it  is  to  serve.  He  devotes 
a  chapter  to  the  general  i>roperties  of  wrought  iron, 
so  that  the  engineer  who  carefully  studies  the  book 
will  be  well  able  to  comprehend  the  process  by 
which  iron  is  manufactured,  and  the  method  by 
which  its  strength  is  usually  tested.  Prof.  Pole 
states  that  he  claims  no  originality  or  novelty  in  the 
scientific  treatment  of  the  subject,  and  that  the 
experimental  data  are  due  to  the  various  authori- 
ties whose  names  are  attached  to  them ;  conse- 
quently, the  engineering  student  who  consults  the 
book  may  place  complete  reliance  upon  the  facts 
given.  Regarding  the  book  as  a  whole,  it  cannot 
be  questioned  that  Prof.  Pole  has  brought  together 
a  large  amount  of  information  in  the  volume  itself, 
and  by  his  judicious  reference  to  authorities  he 
has  afforded  the  utmost  facilities  to  those  who 
desire  to  give  especial  attention  to  any  particular 
branch  of  the  subject. 

^Jolid  Geometry  and  Conic  Sections.  With 
U  Appendices  on  Transversals  and  Har- 
monic Division.  For  the  use  of  Schools. 
—By  J.  M.  Wilson,  M.A.,  late  Fellow  of  St. 
John"s  College,  Cambridge,  and  Mathematical 
Master  of  Rugby  School.  London :  Macmillan 
and  Co.  1872. — For  sale  by  D.  Van  Nostrand. 

The  study  of  solid  geometry  comprises  one  of 
those  branches  of  knowledge  "with  which  even 
those  who  have  received  a  liberal  eduction  are  but 
very  indifferently  acquainted.  It  is  exactly  one 
of  those  subjects  which  are  never  thoroughly  ac- 
quired except  by  those  who  have  a  decided  taste 
for  mathematical  analysis  and  investigation.  It  is 
true  that  boys  at  school  leam  by  rote  some  twenty 
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propositions  of  the  ekventli  bcok  of  Euclid,  and 
are  in  consequence  supposed  to  know  something 
about  solid  geometry.  The  truth  is,  that  they 
really  learn  nothing,  and,  were  it  possible,  under- 
stand less.  We  have  often  expressed  our  opinion 
respecting  the  unsuitability  of  Euclid's  treatise  on 
geometry  as  a  text-book  for  ordinary  students  in 
the  present  age,  and  shall  not,  therefore,  dwell  on 
the  subject.  There  is  not  the  least  doubt  that  the 
use  of  so  obsolete  a  mode  of  instruction  has  gone 
far  to  prevent  the  dissemination  of  a  knowledge 
in  which,  as  is  well  known,  our  continental  neigh- 
bors are  greatly  our  superiors.  This  superiority 
abroad  is,  in  all  probability,  partly  owing  to  the 
adoption  of  a  more  modern,  more  attractive,  and 
more  practical  method  of„instruction.  At  present 
the  path  of  knowledge  has  been  rendered  very 
much  smoother,  and  more  accessible  than  formerly, 
and  one  can  scarcely  expect  a  person  to  select  an 
unpleasant  road  when  an  agreeable  one  leading  to 
the  same  goal  is  equally  at  his  service. 

Our  author  commences  with  a  chapter  on 
"Planes,"and  gives  clear  enunciations  and  solutions 
of  the  various  problems  connected  therewith,  and 
then  proceeds  to  the  different  figures  which  are  form- 
ed by  their  combination.  A  chapter  on  "  Conic 
Sections  ''  brings  his  useful  little  treatise  to  a  close. 
A  very  valuable  feature  in  the  work  is  the  addi- 
tion of  a  series  of  qiiestions  in  the  shape  of  "  Exer- 
cises "  to  each  separate  chapter.  The  student, 
after  mastering  any  given  rule  or  proposition,  is 
naturally  anxious  to  test  his  ability  to  apply  what 
he  has  learned  to  an  example.  If  none  are  afforded 
by  the  text-book  he  must  search  for  them  elsewhere, 
and  the  result  generally  is  that  he  finds  none,  and 
remains  content  with  a  mere  theoretical  acquaint- 
ance with  the  subject — an  acquaintance  which  is 
often  of  a  very  transitory  description.  The  con- 
tents of  this  little  work  are  printed  on  toned 
paper,  and  altogether  it  forms  a  handy  compen- 
dium of  the  subject. — Engineer. 

1)  ailways  OR  No  RAILWAYS :  Narrow  Gauge 
X  Economy  with  Efficiency  v.  Broad  Gauge 
Costliness  with  Extravagance.  By  Robert  E. 
Eairlie.  (London :  Effingham  Wilson.  1872.) 
Eor  sale  by  Van  Nostrand. 

In  this  well-printed  volume  of  148  pages,  Mr. 
Eairlie  undertakes  the  defence  of  the  modifications 
of  the  railway  system  which  are  associated  with 
his  name.  The  merits  of  the  narrow  gauge  and  of 
the  Eairlie  engine  have  recently  been  fully  dis- 
cussed ;  it  would  be  out  of  place  here  to  reopen  the 
question  or  to  discuss  the  contents  of  this  volume, 
further  than  by  stating  its  general  scope  and  the 
nature  of  the  circumstances  which  called  for  its 
appearance. 

The  author  states,  that  in  India  and  Australia 
the  broad  gauge  is  worse  than  a  mistake.  In  Eng- 
land it  bars  true  railway  progress.  "  In  the 
United  States,  on  the  other  hand,  the  case  is  widely 
different ;  opinion  finds  free  vent  among  the  mem- 
bers of  the  profession,  and  with  the  greatest  ear- 
nestness, and  with'much  ability,  the  merits  of  both 
sides  of  the  case  have  been  universally  discussed  ; 
while  thousands  of  miles  of  narrow-gauge  line 
have  been  commenced,  which,  when  completed, 
will  practically  and  thoroughly  decide  the  now 
much-vexed  question."  Mr.  Eairlie  takes  advan- 
tage of  the  opportunity  afforded  by  the  document 
recently   published  by  the  Hon.  S.  Seymour,  of 


New  York,  upon  the  question  of  narrow-gauge 
railways  in  answer  to  a  report  prepared  by  I ;  - 
ral  G.  P.  Buell,  chief  engineer  of  the  Texas  Paci- 
fic Railroad,  advocating  the  adoption  of  a  3  ft.  0  in. 
gauge  for  a  great  trunk  line  of  1,500  miles  in 
length.  But  as  this  review  may  be  regarded  as 
representative,  expressing  the  opinions  of  narrow- 
gauge  antagonists,  our  author  has  analyzed  it 
thoroughly. 

The  question  discussed  by  both  sides  is  not 
merely  a  mechanical  one,  but  rather,  what  width 
of  gauge  is  the  best  adapted  to  admit  of  such  a 
construction  of  machinery  as  will  more  profitably 
overcome  the  resistance  of  the  line,  and  that  will 
meet  the  nature  and  extent  of  the  traffic  present 
and  prospective.  The  work  is  written  by  a  most 
competent  authority  on  a  question  of  vast  in- 
terest to  engineers,  capitalists,  and  traders,  and 
even  to  all  who  have  an  interest  in  the  prosperity 
of  the  great  railway  enterprises  of  the  earth. — 
Mechanics'  Magazine. 

AHand-Book  of  Chemical  Technology. 
By  Rudolf  Wagner,  Ph.  D.  Translated 
and  edited  by  William  Crookes,  E.  R.  S.  Lon- 
don :  J.  &  A.  Churchill.  For  sale  by  Van  Nos- 
trand. 

In  a  volume  containing  some  750  pages,  with  nu- 
merous illustrations,  the  methods  of  preparing  and 
working  the  various  metals  and  their  salts  by  the 
latest  improved  processes  are  described  under  the 
head  of  metallurgical  chemistry,  together  with 
the  application  of  the  voltaic  current  to  electro- 
metallurgy. Manufactures  of  such  importance  as 
the  preparation  of  potash  and  soda  salts,  bleach- 
ing-powder,  sulphuric  acid,  and  the  methods  em- 
ployed in  recovering  all  that  is  of  value  from 
"  waste  "  solutions  and  "  rubbish  "  heaps,  occupy 
prominent  places.  The  manufacture  of  soap,  glass, 
lime,  stoneware,  mortars,  the  technology  of  vege- 
table fibres,  including-  paper-making,  and  the  arts 
of  brewing,  distillation,  dyeing,  and  others,  all 
will  be  found  explained  in  a  necessarily  concise 
yet  ample  manner.  The  subjects  enumerated 
form  but  a  portion  of  the  contents  of  this  book, 
which  must  be  valuable  to  the  manufacturer  and 
the  student.  It  has  been  fully  appreciated  in 
Germany  ;  the  edition  of  which  the  present  book 
is  the  English  translation  is  the  eighth,  the  first 
having  been  published  in  1850.  Mr.  Crookes  has 
edited  the  work  carefully ;  all  the  improvements 
introduced  since  the  publication  of  the  Gennan 
edition  have  been  added,  and  the  whole  of  the  for- 
mula?, which  are  molecular  throughout,  have  been 
revised. 

Sewer  Gas,  and  How  to  Keep  it  oct  of 
Houses.    By  0.  Reynolds,  M.  A..  Profess  r 

of  Engineering,  Owens  College,  Manchester.,  etc. 
(London  :  Macmillan.  1872.)  Eor  sale  by  Van 
Nostrand. 

The  accomplished  writer  has  done  a  very  sensi- 
ble thing.  While  the  principal  part  of  this  book 
was  written  four  years  ago,  it  has  been  kept  back 
till  the  suggestions  it  contains  should  have  a 
thorough  practical  trial,  and  it  is  now  published 
to  help  people  who  are  in  doubt  and  trouble  about 
the  drainage  of  their  houses.  "  What  appears  to  be 
wanted  is  a  book  of  approved  scientific  merit,  and 
of  such  a  practical  character  that  a  householder  or 
any  unscientific  person  can  learn  from  it  how  to 
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ascertain  if  drains  are  safe,  and  if  not,  how  to  get 
them  put  right.  In  the  absence  of  such  a  work,  I 
venture  to  think  that  this  little  book  will  be  use- 
ful." 

The  author's  object  was  to  suggest  a  plan  for 
preventing  the  evil  of  the  back  now  of  gas  into  our 
houses.  Of  this  plan  he  has  had  four  years'  ex- 
perience ;  and  has,  without  excei^tion,  found  it  to 
answer  perfectly.  Professor  Reynolds  is  not  aware 
that  this  complete  scheme  has  ever  been  suggested 
before ;  but  it  embodies  as  its  principal  features 
several  plans  which  are  daily  growing  in  favor  ; 
among  which,  perhaps,  the  most  important  is  that 
of  having  a  break  or  trough  in  the  pipe  which  con- 
nects the  house  with  the  sewer.  This  has  now 
been  advocated  for  several  years,  though  the  name 
of  its  first  proposer  seems  to  be  unknown. — Me- 
chanics' Magazine. 

An  Elementary  Treatise  on  Curve  Trac- 
ing. By  Perceval  Frost,  M.  A.,  Mathe- 
matical Lecturer  of  King's  College.  (London: 
Macmillan  &  Co.  1872.)  For  sale  by  Van  Nos- 
trand. 

This  is  a  preliminary  treatise  on  the  properties 
of  curves.  The  author  says  he  supposes  himself  to 
be  instructing  a  student  whose  reading  has  been 
confined  to  very  narrow  limits.  Regarded  as  a 
special  preparation  for  a  special  subject,  it  may  be 
considered  useful  in  giving  clear  ideas  when  the 
student  enters  upon  the  systematic  treatment  of 
the  properties  of  curves ;  especially  since  the  classi- 
fication of  curves  according  to  degrees,  and  the 
subdivision  of  curves  of  the  same  degree  into 
species,  are  now  being  taken  in  hand  by  some 
eminent  mathematicians. 

Tonight's  American  Mechanical  Dictiona- 
j\.  ry.  By  Edward  H.  Knight.  New  York: 
J.  B.  Ford  &  Co. 

The  first  number  of  this  Dictionary  is  at  hand. 
It  is  a  handsome  quarto  of  108  pages,  and  includes 
a  description  of  tools,  instruments,  machines,  pro- 
cesses and  inventions — general  technological  vo- 
cabulary. To  be  illustrated  with  five  thousand  en- 
gravings. The  present  number  contains  valuable 
descriptions  of  various  forms  of  air  engines.  The 
typography  and  cuts  are  unexceptionable. 


MISCELLANEOUS- 

Coloring  Veneers. — Some  manufacturers  of 
Germany  who  had  been  supplied  from  Paris 
with  veneers  colored  throughout  their  mass,  were 
necessitated  by  the  late  war  to  produce  them  them- 
selves. Experiments  in  this  direction  gave  in  the 
beginning  colors  fixed  only  on  the  outside,  while 
the  inside  was  untouched,  until  the  veneers  were 
soaked  for  twenty-four  hours  in  a  solution  of 
caustic  soda,  containing  ten  per  cent,  of  soda,  and 
boiled  therein  for  half  an  hour ;  after  washing 
them  with  sufficient  water  to  remove  the  alkali, 
they  may  be  dyed  throughout  their  mass.  This 
treatment  with  soda  effects  a  general  disintegra- 
tion of  the  wood,  whereby  it  becomes  in  the  moist 
state  elastic  and  leather-like,  and  ready  to  absorb 
the  color  ;  it  must  then,  after  dyeing,  be  dried  be- 
tween sheets  of  paper,   and  subjected  to  pressure, 


to  retain  its  shape.  Veneers  treated  in  this  way, 
and  left  for  twenty-four  hours  in  a  hot  decoction 
of  log-wood  (one  part  of  log-wood  to  three  of 
decoction),  removing  them  after  the  lapse  of  that 
time,  and,  after  drying  them  superficially,  putting 
them  into  a  hot  solution  of  copperas  (one  part  of 
copperas  to  thirty  of  water),  will,  after  twenty- 
four  hours,  become  beautifully  and  completely 
dyed  black.  A  solution  of  one  part  of  picric  acid 
in  sixty  of  water,  with  the  addition  of  so  much 
ammonia  as  to  become  perceptible  to  the  nose, 
dyes  the  veneers  yellow,  which  color  is  not  in  the 
least  affected  by  subsequent  varnishing.  Coralline 
dissolved  in  hot  water,  to  which  a  little  caustic 
soda  and  one-fifth  of  its  volume  of  soluble  glass 
has  been  added,  produces*  rose  colors  of  different 
shades,  dependent  on  the  amount  of  coralline 
taken.  The  only  color  which  veneers  will 
take  up,  without  previous  treatment  of  soda,  is 
silver  gray,  produced  by  soaking  them  for  a  day 
in  a  solution  of  copperas  (one  of  copperas  to  one 
hundred  of  water;. 

VEff  Case  Hardening  Process. — A  resident 
ll  of  Montreal  has  recently  patented  in  the  United 
States  a  new  process  of  carbonizing  wrought-iron 
articles.  Charcoal,  coal  dust,  oil,  bone  dust,  have 
each  been  used  for  this  purpose ;  but  strangely 
enough,  one  of  the  most  highly  carbonized  sub- 
stances, and  one  most  easily  accessible  to  an  iron 
worker,  has  been  overlooked.  This  is  molten  cast 
iron,  and  the  inventor  prepares  a  bath  of  it,  having- 
previously  eliminated  any  phosphorus  and  sulphur 
it  may  contain.  Spiegeleisen  is  especially  recom- 
mended for  the  purpose ;  but  good  malleable  iron, 
melted  in  a  cupola  with  charcoal,  anthracite  or 
bituminous  coal,  or  coke,  will  serve  the  purpose. 
Crucibles  for  melting  small  quantities,  or  reverber- 
atory  furnaces  for  large  masses,  may  be  employed. 
The  cast  iron  readily  yields  its  carbon  to  the  im- 
mersed articles,  and  this  element  would  rapidry 
become  exhaiisted  if  no  means  are  taken  to  con- 
tinue a  supply.  To  obviate  this,  the  crucibles 
and  furnaces  are  lined  with  a  coating  of  charcoal 
powder  or  of  plumbago  with  which  nitrogenous 
matter  has  been  incorporated.  Leather  or  horn 
shavings  will  do  for  this  purpose.  If  the  process 
were  carried  out  on  a  large  scale,  the  cast  iron  from 
which  the  carbon  had  been  eliminated,  could  be  at 
once  sent  to  the  rollers  and  made  into  bar  iron, 
another  melting  being  used  for  a  second  case  hard- 
ening operation  ;  and  many  other  changes  of  detail 
will  probably  suggest  themselves  to  our  practical 
readers. 

\Tew  Zealand  Coal.- — Coal  has  been  discovered 
1\  at  "Whangaparona  in  the  north  of  the  province 
of  Auckland,  and  from,  the  trials  made  it  is  said 
to  be  of  good  quality.  The  extent  of  the  bed,  too, 
is  thought  to  be  large.  At  the  Bay  of  Islands 
mines  water  still  has  the  upper  hand,  and  but  lit- 
tle coal  can  be  supplied  from  the  mines  for  some 
time  to  come. 

Population  op  Bombay. — The  exact  popula- 
tion of  Bombay  on  the  21st  of  February,  when 
a  census  was  taken,  has  been  ascertained  to  be 
646,636  persons.  This  total  includes  the  harbor 
population. 


NSTRUMENT    FOR    MEASURING    RADIANT    HEAT. 

Constructed  by  CAPTAIN  JOHN  ERICSSON. 
PAGE    449. 


CWmCHT".  ENIL  N.Y. 


VAN   NO  STRAND'S 

ECLECTIC 

ENGINEERING    MAGAZINE. 


No.  XLVIL-NOYEMBER,  1872.— Vol.  Vfl. 


THE  SUN'S  KADIANT  HEAT. 


By  CAPTAIN  JOHN  ERICSSON. 


From  "Nature." 


The  readers  of  "  Comptes  Pendus  "  are 
aware  that  Pere  Seochi  addressed  a  letter 
to  the  Academy  of  Sciences  at  Paris,  some 
time  ago  (see  "  Comp.  Rend.,"  tome  lxxiv., 
pp.  26-30),  containing  a  review  of  my  com- 
munications to  "  Nature,"  published  July 
13,  October  5,*  and  November  16,  1871, f  in 
which  he  questions  the  correctness  of  the 
reports  which  I  have  published  containing 
tabulated  statements  of  the  temperature 
produced  by  solar  radiation.  His  reason 
for  questioning  the  reliability  of  my  tables 
appears  to  rest  on  the  supposition  that  my 
instruments  do  not  furnish  correct  indica- 
tions. "  It  is  astonishing,"  he  says,  "  that 
Mr.  Ericsson  should  find  with  his  instru- 
ment a  higher  stationary  temperature  in 
winter  than  in  summer.  This  (even  bear- 
ing in  mind  the  greater  proximity  of  the 
sun  in  winter)  makes  me  think  that  there 
must  be  something  very  singular  in  his  ap- 
paratus, making  all  its  indications  decep- 
tive. Even  under  the  beautiful  sky  of  Mad- 
rid, has  M.  Pico  y  Sinobas  found,  in  De- 
cember, for  the  solar  radiation,  12  div.,  19 
by  his  actinometer,  and,  in  June,  25  div., 
56."  It  is  not  my  purpose  to  prove  the  fal- 
lacy of  M.  y  Sinobas'  actinometric  observa- 
tions ;  but  I  think  "  that  there  must  be 
something  very  singular  in  his  apparatus," 
since  in  North  America  in  lat.  40  deg.  42 


*  Van  Nostrand's  Magazine,  Vol.  V.,  p.  599. 
t  Van  Nostrand's  Magazine,  Vol.  VI.,  p.  91. 
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min.  (the  latitude  of  Madrid  is  40  deg.  24 
min.),  solar  intensity  at  noon  during  the 
latter  part  of  June,  is  64.5  deg.,  when  the  sky 
is  clear,  while  at  noon  during  the  latter  part 
of  December,  the  temperature  under  simi- 
lar atmospheric  conditions  reaches  58.70  deg. 
But  observations  made  in  the  morning,  or 
evening,  during  the  month  of  June,  at  the 
hour  when  the  sun's  altitude  is  the  same  as 
at  noon  in  December,  show  that  the  inten- 
sity of  the  radiant  heat  in  June  is  only 
53.08  against  58.7  deg.  in  December.  Ac- 
tual observations  have  thus  established  the 
fact  that  for  corresponding  zenith  distance, 
the  temperature  produced  by  the  radiant 
heat  when  the  earth  has  nearly  reached 
perihelion,  is  58.7  deg.  —  53.08  =  5.62  deg. 
higher  than  at  midsummer.  Referring  to 
the  table  published  in  "Nature,"  vol.  5,  p. 
47,  it  will  be  seen  that,  owing  to  the  greater 
proximity  of  the  sun,  the  increase  of  abso- 
lute intensity  of  solar  radiation  is  5.88  deg. 
Fahr.  during  the  winter  solstice.  Pere  See- 
chi will  do  well  to  examine  the  subject 
more  carefully  and  make  himself  better  ac- 
quainted with  the  character  of  the  investi- 
gations which  have  led  to  an  exact  deter- 
mination of  the  temperature  produced  by 
solar  radiation. 

The  readers  of  "  Comptes  Pendus,"  who 
have  examined  the  review  referred  to,  igno- 
rant of  the  contents  of  the  articles  in  '"Na- 
ture," will  be  surprised  to  learn  that  I  have 
not,  as  the  reviewer  asserts,  questioned  the 
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power  of  vapor  to  diminish  solar  intensity. 
Having  stated  the  result  of  numerous  ob- 
servations of  the  sun's  radiant  power  at 
corresponding  zenith  distance,  and  proved 
that  the  temperature  during  midwinter  is 
higher  than  at  midsummer,  I  made  the  fol- 
lowing remark  in  "Nature,"  Nov.  16,  1871 : 
"  In  the  face  of  such  facts  it  is  idle  to  con- 
tend that  the  temperature  produced  by  so- 
lar radiation  under  corresponding  zenith 
distance  and  a  clear  ski/,  varies  from  any 
other  cause  than  the  varying  distance  be- 
tween the  sun  and  the  earth."  It  is  ab- 
surd to  suppose  that  a  person  having  devo- 
ted many  years  to  the  investigation  of  solar 
radiation  should  deny  the  retarding  influ- 
ence of  vapor,  since  not  one  observation  in 
a  hundred  indicates  maximum  solar  inten- 
sity, owing  to  the  presence  of  vapor  in  the 
atmosphere. 

The  following  brief  description  of  the  ac- 
tinometer  will  show  that  there  is  not,  as 
Pere  Secchi  supposes,  anything  very  singu- 
lar in  this  apparatus  tending  to  render  its 
indications  deceptive.  The  principal  part  of 
the  instrument  consists  of  an  air-tight  cyl- 
indrical vessel,  the  axis  of  which  is  directed 
towards  the  sun,  the  upper  end  being  pro- 
vided with  a  thin  lens  covering  an  aperture 
3  in.  in  diameter.  The  bulb  and  part  of 
the  stem  of  a  mercurial  thermometer  is 
inserted  through  the  upper  side,  at  right 
angles  to  the  axis,  a  small  air-pump  being 
applied  for  exhausting  the  air  from  the  cyl- 
indrical vessel.  The  latter  is  surrounded 
by  a  casing  through  which  water  is  circu- 
lated by  means  of  an  ordinary  force  pump 
and  flexible  tubes,  connected  with  a  capa- 
cious cistern  containing  water  kept  at  a 
ccnstant  temperature  of  60  deg.  Fahr.  The 
bulb  of  the  thermometer  is  cylindrical,  3  in. 
long,  its  contents  bearing  a  very  small  pro- 
portion to  its  convex  area.  The  upper  half 
is  coated  with  lamp-black,  while  the  lower 
half  of  the  bulb  is  effectually  protected 
against  loss  of  heat  from  undue  radiation. 
The  diminution  of  energy  attending  the 
passage  of  the  sun's  rays  through  the  lens 
is  made  good  by  the  concentration  effected 
by  its  curvature ;  hence  the  entire  energy 
of  the  radiant  heat  will  be  transmitted  to 
the  cylindrical  bulb.  The  inclination  of  the 
latter,  it  should  be  observed,  promotes  a 
rapid  upward  current  of  the  mercury  on  the 
top  side,  and  a  corresponding  downward 
current  on  the  lower  side,  thereby  rendering 
the  indication  prompt  and  trustworthy. 
The  water  in  the  surrounding  casing  being 


maintained  at  a  constant  temperature  of 
60  deg.  Fahr.,  it  will  be  evident  that  the  zero 
of  the  thermometric  scale  of  the  actinom- 
eter  must  correspond  with  the  line  which 
marks  60  deg.  on  the  Fahrenheit  scale.  It 
scarcely  needs  explanation  that  the  height 
reached  by  the  mercurial  column  after  turn- 
ing the  instrument  towards  the  sun,  will  be 
due  wholly  to  solar  energy,  since  the  radia- 
tion of  the  exhausted  vessel  towards  the 
bulb  of  the  thermometer  is  only  capable  of 
raising  the  column  to  the  actinometric  zero 
(60  deg.  Fahr.). 

The  readers  of  "Nature"  will  remember 
that  one  of  the  articles  reviewed  by  Pere 
Secchi,  the  one  published  in  vol.  5,  pp. 
•149-452,  contains  a  demonstration  accom- 
panied by  several  diagrams,  proving  that 
the  radiant  heat  emitted  by  the  chromo- 
sphere and  outward  strata  of  the  solar  en- 
velope, is  inappreciable  at  the  surface  of 
the  earth.  It  will  be  remembered  also  that 
the  mode  adopted  in  settling  the  question 
whether  the  solar  atmosphere  is  capable  of 
emitting  heat  rays  of  appreciable  energy, 
was  that  of  shutting  out  the  rays  from  the 
photosphere  and  collecting  those  from  the 
chromosphere  and  envelope,  in  the  focus  of 
a  parabolic  reflector.  Scarcely  any  heat 
being  produced  notwithstanding  the  great 
concentration  by  the  reflector,  we  proved 
the  fallacy  of  Pere  Secchi' s  remarkable  as- 
sumption, that  the  high  temperature  at  the 
surface  of  the  photosphere  is  caused  by 
radiation  "  received  from  all  the  transpa- 
rent strata  of  the  solar  envelope."  It  is 
surprising  that,  notwithstanding  the  com- 
pleteness and  positive  nature  of  the  demon- 
stration referred  to,  no  allusion  whatever  is 
made  to  the  same  in  a  review  professing  to 
scrutinize  critically  the  contents  of  the  arti- 
cles mentioned.  Ignoring  the  evidence 
furnished  by  actual  trial  in  proof  of  the 
extreme  feebleness  of  the  radiating  power, 
the  reviewer  proceeds  to  state  "  that  the 
outward  strata  might  be  less  hot,  and  that 
the  effect  which  we  measure  is  the  aggre- 
gate of  the  quantities  of  heat  which  are 
added,  emanating  from  the  various  trans- 
parent strata."  How  the  outward  colder 
strata  cause  an  elevation  of  temperature  by 
their  radiation  towards  the  solar  surface,  is 
not  explained,  but  reference  is  made  to  the 
result  of  an  experiment  with  three  small 
flames,  in  support  of  the  assertion  that  the 
high  temperature  of  10,000,000  deg.  C,  as- 
signed to  the  surface  of  the  sun,  is  owing  to 
radiation  received  from  all  the  transparent 
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strata  surrounding  the  photosphere.  The 
reviewer  states:  "A  very  simple  experi- 
ment made  at  my  request  by  P.  Provenzali, 
has  shown  that,  if  a  heating  of  2.5  deg.  can 
be  obtained  with  one  flame,  with  two  flames 
placed  one  before  the  other,  4.5  deg.  are 
obtained,  with  three  flames,  5.4  deg. — a 
result  easily  foreseen,  for  everybody  knows 
that  flames  are  transparent." 

My  practical  demonstration  establishing 
the  feebleness  of  the  radiating  power  of  the 
matter  composing  the  solar  envelope,  having 
received  no  consideration,  while  the  re- 
viewer, in  support  of  his  singular  theory  of 
solar  temperature,  points  to  the  result  of 
the  rude  experiment  conducted  by  Pere 
Provenzali,  I  have  deemed  it  necessary  to 
show  that  the  transparency  of  flames  is 
too  imperfect  to  warrant  the  inferences 
drawn. 

The  accompanying  illustration  (see  front- 
ispiece) represents  an  apparatus  by  means 
of  which  the  exact  degree  of  transpa- 
rency of  a  series  of  flames  has  been  ascer- 
tained. 

Description:  b,  conical  vessel,  open  at 
the  top,  the  bottom  communicating  with  a 
cylindrical  chamber  f,  by  an  intervening 
narrow  passage,  the  whole  being  enclosed 
in  an  exterior  vessel  c,  charged  with  water 
kept  at  a  constant  temperature,  precisely  as 
in  the  actinometer.  A  thermometer  is  ap-  j 
plied  near  the  bottom  of  the  cylindrical 
chamber,  the  centre  of  the  bulb  coinciding 
with  the  prolongation  of  the  axis  of  the 
conical  vessel.  A  gas  pipe  d,  provided  with 
a  series  of  vertical  burners,  is  firmly  secured 
to  a  table  in  a  position  parallel  to  the  axis 


of  the  conical  vessel.  The  burners  are  pro- 
vided with  caps  in  order  to  admit  of  any 
desirable  number  of  jets  being  ignited  at 
one  time.  When  gas  of  ordinary  pressure 
is  admitted  into  the  pipe  d,  the  side  view  of 
the  flame  will  be  as  indicated  by  the  dotted 
lines  at  in  m,  the  thickness  of  each  flame 
being  nearly  0.20  in.,  while  the  width 
shown  by  the  dotted  lines  n  n,  somewhat 
exceeds  3  in.  from  point  to  point.  It  will 
be  observed  that  the  prolongation  of  the 
axis  of  the  conical  vessel  upwards,  passes 
through  the  central  portion  of  the  flames  at 
the  point  of  maximum  thickness  and  inten- 
sity. Supposing  that  the  instrument  (at- 
tached to  a  table  turning  on  declination 
axis  within  a  revolving  observatory)  is  di- 
rected towards  the  sun,  it  will  be  evident 
that  all  the  rays  of  a  beam  the  section  of 
which  corresponds  with  that  of  the  bulb  of 
the  thermometer,  will  pass  through  the 
flames  before  reaching  the  said  bulb.  Now 
the  temperature  of  the  flames  at  the  point 
pierced  by  the  solar  rays  is  fully  2,000  deg. 
Fahr.,  while  the  intensity  of  the  rays  does 
not  exceed  60  deg.  The  illustrated  device 
enables  us  to  ascertain  whether  the  rays 
thus  entering  at  a  temperature  1,940  deg. 
lower  than  that  of  the  incandescent  gas, 
have  their  intensity  augmented  or  dimin- 
ished during  the  passage  through  the  heat- 
ed medium.  But  before  we  can  determine 
this  question,  it  will  be  necessary  to  ascer- 
tain what  temperature  is  communicated  to 
the  thermometer  by  the  radiant  energy  of 
.the  flames.  Accordingly,  a  series  of  exper- 
iments have  been  made,  the  result  of  which 
is  recorded  in  the  annexed  table. 


The  Instrument  turned  away  from  the  sun. 

The  Instrument  directed  towards  the  sun. 

Number 

of  flames 

from  the 

top. 

Distance  of  flame 
from  bulb. 

Temperature 

produced  by 

radiation  of 

the  flames. 

The  snn's   rays 

acting  direc'ly  on 

the  bulb. 

The  sun's  rays 

passing   through 

the  flames. 

Increment  of  tem- 
perature attending 
the  passage  of  the 
solar  rays  through, 
the  flames. 

Inches. 

Deg.  Fall. 

Deg.  Fah. 

Deg.  Fah. 

Deg.  Fah. 

1 

24  8 

1  76 

21  60 

21.90 

0  30 

2 

23.8 

2.88 

21.61 

22.20 

0  59 

3 

22  8 

3  80 

21.62 

22  49 

0.S7 

4 

21  8 

4.58 

21.6:} 

22.75 

1.12 

6 

20.8 

5.24 

21  64 

22.99 

1.35 

6 

19.8 

5.84 

21.65 

23.32 

1.57 

7 

18.8 

6.38 

21  66 

23  43 

1  77 

8 

17.8 

6  91 

21.67 

23.63 

1.96 

9 

16  8 

7.40 

21.68 

23  82 

2  14 

10 

15  8 

7.90 

21  69 

24  00 

2.31 
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The  nature  of  t>he  investigation  will  bo 
readily  understood  from  the  following  ex- 
planation :  The  instrument  being  turned 
away  from  the  sun  and  the  upper  flame  m 
ignited,  while  the  external  casing  c  is  kept 
at  a  constant  temperature  of  60  deg.,  the 
column  of  the  thermometer  at  /'slowly  rises 
to  61.76  deg.  The  radiant  heat,  therefore, 
of  a  single  flame,  produces  a  differential 
temperature  of  61.76 — 60=1.76  deg.  The 
second  flame  being  ignited,  the  temperature 
rises  to  62.88  deg.,  thus  increasing  the  dif- 
ferential temperature  to  2.88  deg.  The 
ignition  of  the  third  flame  augments  the 
differential  temperature  to  3.80  deg.  The 
remaining  flames  being  ignited  in  regular 
order  downwards,  their  combined  radiant 
energy  elevates  the  temperature  to  67.90 
deg;.  Deducting  the  temperature  of  the 
enclosure  c  (60  deg.),  the  trial  shows  that, 
although  the  single  flame  at  the  maximum 
distance  from  the  bulb  is  capable  of  produ- 
cing a  differential  temperature  of  1.76  deg., 
the  energy  of  the  ten  flames  together  pro- 
duces only  7.90  deg.  This  fact  furnishes 
conclusive  evidence  of  the  imperfect  trans- 
parency of  the  flames.  Assuming  that  the 
heat  rays  are  capable  of  passing  freely 
through  the  incandescent  medium,  it  will 
be  perceived  that  the  entire  series  of  flames 
should  produce  a  differential  temperature  of 
1.76  X  10  =  17.6  deg.,  showing  a  retarda- 
tion of  17.6  —  7.9  =  9.7  deg.  And  if  we 
take  into  account  the  diminished  distance  of 
the  lower  flames  from  the  bulb  of  the  ther- 
mometer, it  will  be  found  that  the  actual 
retardation  greatly  exceeds  this  computa- 
tion. We  have  thus  demonstrated  that 
flames  are  not  transparent,  as  supposed  by 
Pere  Secchi ;  consequently,  the  inferences 
drawn  from  the  experiment  to  which  the 
distinguished  savant  refers  in  his  letter  to 
the  French  Academy  of  Sciences  are  wholly 
unwarrantable. 

Having  disposed  of  the  question  of  trans- 
parency and  ascertained  the  degree  of  tem- 
perature communicated  to  the  thermometer 
by  the  radiant  energy  of  the  flames  alone, 
let  us  now  suppose  that  the  instrument  has 
been  turned  towards  the  sun.  The  temper- 
ature produced  by  the  combined  energy  of 
solar  radiation  and  the  radiation  of  the 
flames,  after  directing  the  instrument 
towards  the  luminary,  will  be  found  re- 
corded in  the  fifth  column  of  the  table. 
Our  space  not  admitting  of  a  detailed  state- 
ment, we  must  dispense  with  an  examina- 
tion  of  the   energy   transmitted   for   each 


flame  separately,  and  at  once  consider  the 
effect  produced  by  passing  the  sun's  rays 
through  the  entire  series.  It  has  already 
been  stated  that  the  radiation  of  all  the 
flames  combined  imparts  a  differential  tem- 
perature of  7.90  deg.  to  the  thermometer. 
By  reference  to  the  table  it  will  be  seen 
that  the  temperature  produced  by  the  sun's 
rays  is  21.69  deg.  when  the  flames  are  ex- 
tinguished.* Consequently  the  tempera- 
ture, after  lighting  the  whole  series,  ought 
to  be  21.69  -f-  7.90  =  29.59  deg.,  since  solar 
heat,  under  analogous  conditions,  is  capa- 
ble of  increasing,  definitely,  the  tempera- 
ture of  substances,  whatever  be  their  pre- 
vious intensity.!  Referring  again  to  the 
table,  it  will  be  found  that  the  maximum 
increase  of  temperature  attending  the  pas- 
sage of  the  comparatively  cold  solar  rays 
through  the  incandescent  gas  is  2.81  deg., 
while  the  radiant  energy  of  the  flames  pro- 
duces a  differential  temperature  of  7.90 
deg.  This  extraordinary  discrepancy  points 
to  an  increase  of  molecular  energy  within 
the  incandescent  gas,  notwithstanding  its 
temperature  being  fully  1,900  deg.  higher 
than  that  produced  by  the  sun's  radiant 
heat. 


*  Notwithstanding  the  low  temperature  indicated  by  the  ther- 
mometer of  the  experimental  apparatus,  21.69  deg.  the  actual 
solar  intensity  during  the  investigation,  ascertained  by  the  acti- 
nometer,  has  at  no  time  been  less  than  50  deg. — a  very  instruc- 
tive fact,  proving  the  futility  of  attempting  to  measure  solar  in- 
tensity by  thermometers  the  bulbs  of  which  are  exposed  to  the 
refrigerative  action  of  surrounding  air.  For  the  purpose  in 
view,  however,  that  of  measuring  the  comparative  radiant 
power  of  flames  and  solar  heat,  the  unavoidable  exposure  of 
the  bulb  to  atmospheric  influence  is  unimportant,  provided  the 
enclosure  be  kept  at  a  constant  temperature  during  the  experi- 
ments. 

t  Pere  Secchi  reminds  us  in  lLLe  Soleil,"  that  Mr.  Waterston 
found  by  his  solar  intensity  apparatus  that,  when  the  thermom- 
eter was  enclosed  in  a  heated  vessel  imparting  upwards  of  4l0 
deg.  Fahr.  to  the  bulb,  the  same  degree  of  differential  tempera- 
ture was  reached  by  exposure  to  the  sun  as  when  a  cold  enclo- 
sure was  employed,  which  reduced  the  indication  of  the  enclosed 
thermometer  to  that  of  ordinary  atmospheric  temperature. 


Edwin  F.  Johnson,  one  of  the  most  emi- 
nent of  American  Engineers,  died  on 
the  12th  fast.,  and  was  buried  at  his  home 
in  Middletown,  Conn.  He  was  Engineer  in 
Chief  of  the  Northern  Pacific  Railroad  until 
a  little  more  than  a  year  ago,  and  since  has 
been  Consulting  Engineer  of  that  Company. 


IYTot  long  ago,  the  whole  stock  of  the  par- 
1)1  affine  wax  in  the  world  did  not  exceed 
4  ounces,  which  was  carefully  preserved  in 
the  laboratory  of  Prof.  Liebig  as  a  chemical 
curiosity.  There  is  now  produced  in  Scot- 
land not  less  than  5,800  tons  annually. 
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UNIFORM  CROSS  SECTION  AND  T  ABUTMENTS ;  THEIR  PROPER 
PROPORTIONS  AND  SIZES,  DEDUCED  FROM  RANKINE'S  GEN- 
ERAL FORMULA  OF  EARTH  PRESSURE. 

By  WM.  CAIN,  C.  E. 
Written  for  Van  Nostrand's  Magazine. 


Note.— To  the  practical  man, who  is  not  familiar 
with  Rankine's  method,  I  will  Say,  that,  as  the 
general  formula  of  Rankine  gives,  for  rectangular 
walls,  what  he  knows  to  be  working  values,  when 
the  earth  is  level  at  lop,  and  there  is  a  line  of  de- 
mostration  carried  out  for  approximations  over  val- 
ues based  upon  this  simple  case,  it  is  hoped  that  so 
much  of  the  following,  at  least,  will  be  useful  and 
intelligible  to  him.  The  strict  formula?  are  like- 
wise deduced. 

1.  This  investigation  is  for  the  purpose  of 
pointing  out,  by  several  practical  solutions, 
the  principles  that  are  to  guide  an  engineer 
in  designing  his  abutments,  whether  of  uni- 
form section  or  the  common  ~f  form,  so  far 
as  the  pressure  of  the  earth  against  them  is 
to  be  the  criterion  in  proportioning  and 
sizing  them. 

Abutments  with  wing  walls  are  mention- 
ed only  by  way  of  comparison. 

2.  The  first  thing  that  is  necessary  to 
know  is  the  specific  gravity  of  the  earth, 
whose  weight  causes  the  pressure,  conjoint- 
ly with  the  specific  gravity  of  the  masonry, 
whose  weight  resists  this  pressure. 

The  following  table,  from  various  good 
authorities,  on  account  of  the  variations  in 
the  numbers,  should  teach  caution  in  assum- 
ing too  favorable  values,  as  we  may  remark 
here,  that  the  pressure  and  resistance  are, 
both,  directly  as  the  specific  gravities  of  the 
earth  and  masonry  respectively. 


w 

bight  per  cubic 
foot  in  lbs. 

Angle  of  repose. 

o 

"Water 

90 

62.4 
102. 
-100.-120 
120. 
126. 
120-137 
89 
128 
110-144 
110 
?0-135 
86-100 
161-172 
130-157 

() 

Mud 

0-(?) 

35-48 
14-45 

Shingle  and  gravel. 
Clay 

Gravel  and  earth  . . 

Settled  earth 

Dry  sand    

Damp  sand 

Masonry 

21-37 
34 

Brickwork 

Brick 

Mortar 

Granite 

Sandstone. . . . 

The  engineer  should  get  the  specific 
gravities  of  his  materials  by  actual  weigh- 
ing.    Knowing  the  specific  gravity  of  the 


stone  used  and  that  of  the  mortar,  as  also 
their  relative  proportions,  the  specific  gravi- 
ty of  the  masonry  follows.  For  dry  mason- 
ry, it  will  depend  upon  the  proportionate 
volume  of  spaces  to  solid  material.  If 
small  chips  and  spalls  are  well  packed  in, 
this  proportion  will  be  nearer  that  of  a  solid 
wall  than  of  a  loose  rock  embankment 
where  it  is  said  to  be  one-half. 

Taking  the  minimum  values  above,  we 
may  assume  as  safe  values  generally : 

Brickwork,  weight  of  a  cu.  ft  =110  lbs. 
Granite,  4  ashlar  and  £   rubble  backing,  weight  of 
a  cu.  ft.  =  142  lbs. 

Sandstone,  ^  ashlar  and  £  rubble,  weight  of  a  cu. 
ft.  =  113  lbs. 

Sandstone,  though,  is  very  variable,  and  it 
is  usually  heavier  than  this,  average  proba- 
bly 128  lbs. 

3.  The  general  formula  of  Prof.  Rankine, 

resulting  from  his  elegant  theory  of  internal 

stress    and    frictional    stability,    to  prevent 

overturning  of  a  wall,  of  uniform  cross 

section  about  its  edge  lohere  the  base  of  the 

wall  is  horizontal,  is  :* 

(1) 
„7  .     .      ...       to,  h3  cos  6       7P,  h2  f  fa  4-  A1!  sin  <a 

W  =  weight  of  wall  per  unit  of  length  (foot) 
=  volume  X  w,  calling  w  =  its  specific  gravity, 

(   =  diameter  of  base  perpendicular  to  length, 

qt  =  Distance  of  centre  of  base  from  centre  of 
pressure  =  safe  lever  arm  of  masonry, 
when  q '  /  =  o,  and  generally  taken  =  $  t 
(as  there  is  crushing  of  the  outside  blocks 
when  the  wall  overturns,  the  usual  i  t  is 
too  much). 

q*t—  Distance  from  centre  of  base  to  the  point 
where    the    vertical    from    the  centie  of 
gravity  of  the  wall  cuts  the  base. 

The  first  side  of  the  equation  is  evidently 
the  weight  of  masonry  X  its  safe  lever  arm, 
called  its  moment  of  stability. 

For  horizontal  topped  bank  of  earth 

(i   +  Bill  </>) 

For  top  of  earth  sloping  at  angle  of  re- 
pose </> 


*  Rankine's  Applied  Mechanics,  4th  London  Ed.,  p.  251. 
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"Wj  =  to1  cos  $ 

$  =  Angle  of  repose  of  the  earth  from  a  hori- 
zontal line 

6  =  Slope  of  bank  on  top  with  horizon,  which 
we  shall  take  either  =  o  or  =  <j>,  hereafter. 

ft  =  height  from  base  to  where  the  top  of  earth 
strikes  the  wall. 

The  second  side  of  this  equation  is  the 
moment  of  pressure  of  the  earth  per  unit 
of  length  (foot). 

Calling  P,  the  thrust  of  earth,  h  high  on 
Trail,  per  unit  of  length,  then:* 

For  level  topped  bank 

ro1  (1  -  sin  <j>)  ft* 

2  (1  -f-  sin  <p) 

"  top  slope  of  bank  =  (p 

U)1   co=  ©ft.2. 

4.  Rectangular  Walls.    Case  1.   Horizon- 
tal topped  bank  on  level  with  top  of  wall. 
Here  6  =  0,  ql=0  and  eq.  (1)  becomes 

ic1  fl-sin  A)  ft*  (2) 


wthqt 

o  (1  -+-  sin  pj 

_*_  _       /  wl  (1 

h        V  (jqwU 


sin  (f) 


sin  9) 

For  wl  =  130,  ^  =  4,  .0  =  34 


/lfi  2  4ft.  . 

*  =  ftyi^= ^=-  nearly 


Vi 


when 


«?  =  110 

=  128 
=  142 


t=  .38  A 
Z  =  .35  A 
if  =  .34  h 

values  which  are  well  known  to  be  safe. 

For  w1  =  120,  0  =  45° 

3ft 


V, 


when 


110 
130 


t  =  .29h 
t  =  .26  h 


It  is  evident  once  for  all  from  table  2  and 
eqs.  (1)  and  (2)  that  shingle  and  gravel 
form  the  best  material  for  putting  next 
abutments  or  retaining  walls,  as  their  angle 
of  repose  is  the  largest ;  neither  is  it  varia- 
ble, water  draining  through  it  rapidly  and 
never  making  mud,  with  almost  a  fluid 
pressure.  Their  specific  gravity  is  as  small 
as  any,  likewise.  Next  follows  pure  sand; 
but  a  certain  proportion  of  sand  and  clay, 
called  quicksand,  is  worst  of  all,  as  it  is  simi- 
lar to  water  pressure,  with  a  specific  gravity 
greater  than  water.     Many  old  walls  show 


a  bulge  at  ^  the  height,  from  not  leaving 
holes  in  them  to  drain  off  the  water.  With 
abutments  there  is  no  necessity  for  these 
openings,  unless  with  wing  wall  abutments, 
as  the  water  can  generally  drain  off  at  once. 
5.  Case  2.  Height  of  level  topped  bank 
(=  h)  above  base,  is  not  so  great  as  height 
of  wall  (=  H)  above  base.  By  eq.  (1) 
when  W  =  w\  0  =  0,  ^=0,  0  =  34°,  g  =  f 


»-/>«s 

For 

A  =  jfl,  t  =  .32  H 

=  i  H,     t=  .29  H 

=  |H,     t  =  .27  H 

For 

h  =  |  H,     t  =  .23  H 

=  §  H,     t  =  .19  H 

=  |H,     *■=  .13  H 

6.  -Case  3.   Top  of  earth  sloping  at  angle 
of  repose. 

Put  q 

=  |   6  =  (p  ql=0  then  by  eq.  (1) 

ic  t  H  a  t  = 


(3) 

wf  cop  a  Is       ir1  costfi  sin  <P  ft2  <o  -f-  Jx  t 


*  Rankine's  A.  M.,  p.  251. 


+ 


.  304ft 


Mft*j 


For  w  =  to1     <j>  =  34° 

When  A  =  |H  *  =  .3  H 
h  =  §  H  «  =  .2H 
A=£H        *  =  .14H 

values  practically  the  same  as  those  in  Case 
2,  §  *  5  for  the  same  rules  of  h. 

The  use  of  this  analogy  is  evident ;  as 
the  simplest  formulae  of  §  5  may  be  used, 
where  sloping  topped  earth  strikes  an  abt. 

7.  When  the  ucdl  is  equally  battered  on 
both  sides — qx  =  0,  etc.  The  formula  is 
easily  obtained  from  eq.  (1). 

8.  One  side  vertical,  the  other  battered. 

Let  t  =  thickness  or  diameter  at  bottom 
t,=         "  "         "  "  top. 

Then  by  mechanics 
qH  =  \t  —  ■ 


t*J-tt.  -2f, 


3(l-t-^j  6  (*  +  *,) 

Let  0  =  0  ;.=  f ,  then  by  eq.  (1),    (see 
Kg-  1), 


o*+ 


)= 


tic  { i  -f-  s  n  0) 
l1 


calling  5  =  batter  —  = 

°  Distance  out  ml1 

then  £  ==  ^  -j-  bh . 


h* 


*  This  symbol  signifies  "  article. 


UNIFORM   CROSS    SECTION    AND    T    ABUTMENTS. 


455 


Reducing  and  substituting  we  get 


18^ «  +  Ml^h  -f-  13b*h*  =  48 


701  (1  —  sin  $) 
Umj  ^i  -f-  blU  0) 


/[  8«?'(1 
V   \3x6(l 


1 . 083& 


Let  j  =  |io' 


?, 


-Eraropfes. 
130  b  =  -i   and  <f>  =  31° 


*(</ 


-  .09 


For 


w  =  110 
w>=  128 
w  =  142 


tx  =  .29  A 
tx  =  .26  A 
*x  =  .25  A 


An  abutment  of  this  kind  has  been  used 
■with  a  front  batter  of  3"  to  1'  =  \;  from 
(4)  we  find  for  b  =  l  W1  =  130  q  =  f 
«A  =  34°. 


When  zc  =  110 
w  =  128 
w=  142 


*,  =  .15  h 
tx  =  .12  A 

*!=  .11  A 


The  earth  which  would  otherwise  fall  in 
front  of  the  abutment  should  be  built  tip 
and  riprapped  at  45°  or  less.  A  side  bat- 
ter may  be  used  or  not. 

Any  abutment  can  have  a  side  batter  of 
\\  to  1,  with  the  earth;  tx  varies  regularly 
with  the  height  and  is  found  by  eq.  (4)  for  a 
battered  wall  or  by  eq.  (2)  for  a  rectangular 
wall.  Consequently  first  find  6  for  maxi- 
mum and  minimum  A  and  draw  straight 
lines  to  limit  the  other  values. 

9.  A  train  or  wagon,  passing  over  a  bank 
retained  by  an  abutment,  increases  the 
thrust  of  the  earth,  thereby  necessitating 
an  increase  of  size  on  this  account  alone. 
The  formula  is  easily  found.  Take  the 
case  of  a  train  of  cars,  the  greatest  pressure 
of  which  is  usually  taken=l  ton  per  foot 
longitudinally.  If  12  is  the  width  of  road- 
way at  top,  then  pQ  =  intensity  of  pres- 
sure of  train  per  sq.  ft. — --\%—=  190  lbs.  in 
round  numbers. 


For   a  rectangular  wall   12  ft.  wide,  the 

eq.  of  equilibrium  is  :* 

(5) 

,   */*        C       ,  wlh-\  .  (1  -  fiinfi      6j  4-2bB  h 
q'wht*  =  1  p0  +  -—  I  h  t±— ■ — : — r-  X —-T  -3 

where 


(1  -  sin^  (p0  +  ir'h) 


U+siup) 
This  multiplier 


&  &, 


_(l-sin  (p^y0 
\      <1  -f-  sin  9)  to l 


I-1  +  27>2  h 


bl  +  b2  3 

is  the  lever  arm  of  the  force  and  varies  be- 
tween ±h  and  ^A,  the  former  when  h  =  Of 
the  latter  strictly  when  A  =  *  though  prac- 
tically for  hts  of  20'  to  30',  when  the  weight 
of  the  train  becomes  small  compared  with 
the  weight  of  the  prism  of  earth  that  causes 
the  pressure. 

For  0  =  34  and  pQ=  190  lbs.  (hence  w  and 
wl  must  =  wlh  per  cub.  ft.  in  lbs. 

\  <&    /  \(.3eio'/i  +  lUi.).>/- 

compare  eq.  (2).  For  A  =  1  this  multiplier 
or  lever  arm  ===  ^%h. 

Example  1. 

Let  w  =  w1  h  =  4  then  t  =  2. 1  =  ±7i  nearly, 
by  eq.  2  t  =  ."35A. 

Cattle  guards  and  open  drains  should 
then,  for  heights  of  2,  3,  4,  5,  etc.,  ft,  have 
the  part  12  ft.  long  designed  by  this  for- 
mula (5) ;    the  wings  as  before. 

A  usual  proportion  for  these  widths  is 
half  the  height.  The  weight  of  the  engine 
is  in  part  felt  by  it  from  tbe  connection  of 
the  stringers  and  rails  before  it  reaches  the 
abutment,  making  the  left  side  of  eq.  (5) 
larger ;  but  its  momentum  may  counteract 
this ;    so  it  is  better  to  build  by  that  eq. 

Example  2. 

Let  to  =  wx  h  =  20  then  t  =  7.7  =  .39A 
by  eq.  2  t  =.35 A. 

It  can  be  seen  from  these  illustrations 
how  much  an  abutment,  battered  or  not, 
should  be  increased  in  thickness  from  the 
weight  of  a  train  passing. 

10. — Sliding  aloxg  the  Base. — Let  the 
pressure  of  earth,  which  =  P  and  is  paral- 


*  Found  by  putting p^=  (p0  +  W4)  cos  6.  in  eq. 
1,  Arts  195,  et  seq.  oi  Rankine's  Applied  Mechanics, 
and  deducing  eqs.  (2)  and  (b)  of  Art.  li-S,  by 
making  «=0w«  get  eq.  (5)  above  =  their  pro-, 
duct. 
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lei  to  top  slope  of  bank,  be  resolved  into 
two  components,  P  sin  6  and  P  cos  6,  the 
first  vertical,  the  last  horizontal,  then  if 
f  =  coefficient  of  friction  of  foundation, 

(W  -f  P  sin  d)f  must  be  >  P  cos  0 

to  prevent  sliding  (see   §  3  for  values  of  P), 

P  cor  6  (0) 


.  • .  /  must  be  > 


W  +  P  bin  0 


When  0  =  0 


f  must  be  > 


W 


(6*) 


The  rectangular  wall  is  usually  safe  from 
sliding.  Let  us  try  the  battered  wall  with 
horizontal  topped  bank. 

*         (ll    ^p            W'  (1  Bin  ft  h  (7) 

/  must  be  >  — -  =  — v  ' 

When  w  =  io\  0  =  34°  ;  ^  =  .26A  for 
J  =  jL,  then 

/must  be  >  .5  =  tan  2',°. 

Por  a  good  clay  or  rock  foundation  f  is 
usually  taken  =  §  ;  the  "  usual  tables  "  give 
for 

Masonry  on»wet  clay /  =  .  33 

"  "    timber =.4 

"  "   dry  clay =.5 

"  "  rock =.G  to  .7. 

The  imbedding  the  stones  in  the  earth, 
giving  an  irregular  uneven  surface  of  con- 
tact for  the  foundation,  necessarily  increases 
the  friction  over  the  figures  in  the  above 
table ;  otherwise,  when  f  is  less  than  .4, 
about,  eq.  (1)  is  no  longer  needed,  but  we 
must  design  our  abutments  from  eq.  (5),  to 
resist  sliding,  alone. 

Por  instance  for  a  rectangular  wall 


/  must  be  >  - 


//wyq-BinftU      (8) 

4  V  \  W  (1  +  sin  0)  / 

For  w  =  wx  and  0  =  34°  f  must  be  greater 

than  .4.     If  any  f  is  assumed  then  by  eq. 

(5)  t  can  be  found  to  resist  sliding. 

-  As,  in  battered  walls    the  proportionate 
P 
Ty  to  rectangular  walls  is  increased,  there 

is  more  danger  from  sliding.  Por  the  abut- 
ment where  b  =  \  §  8,  let  to  =  wl  <p  =  34. 
then  by  eq.  (7) 

/  must  be  >  - 


2tf,  +  bh 


=  .6  =  tan31c 


which  requires  a  good  rock  bottom,  and 
there  is  not  so  much  economy  as  with  a 
loss  batter  unless  the  foundation  /"is  >§. 
Even  for  an  increase  in  the  weight  of  |, 
/"must  be  >  .4,  or  the  same  as  for  a  rectan- 
gular of  same  weight. 


Of  course,  in-  practice,  larger  values  than 
these  strictly  equilibrated  ones,  should  be 
used,  for  both  sliding  and  overturning  ;  as 
a  long  wet  spell  may  make  the  foundation 
slippery  and  the  earth  pressure  much 
greater. 

The  increasing  the  size  is  otherwise  ben- 
eficial in  this,  that  in  place  of  the  resultant 
of  earth  pressure  and  weight  of  masonry, 
striking  the  base  f  t  from  its  centre,  it 
throws  this  centre  of  pressure  nearer  the 
middle  of  the  base,  thus  equalizing  the 
thrust  more  on  the  whole  foundation. 

Experience  has  determined  and  theory 
confirms,  that  a  batter  of  ^  or  sl4  is  best;  as 

the  proportion  of  r  is  about  the  same  to  re- 
sist overturning  or  sliding  on  ordinary  foun- 
dations where  /'>  .5  or  .45.  A  vertical  wall 
would  be  necessary  for  a  timber  foundation 
where/'  =  A.  Accurate  practical  informa- 
tion on  this  subject  is  much  needed. 

12.  T  Abutments. — Let  us  suppose  first 
on  the  side  of  extieme  caution,  that  the 
earth  is  level  at  the  height  A-j-A1  (see  Fig.  2) 
or  at  the  top  of  the  stem  up  to  the  head  of 
the  abutment. 

The  T  abutment  (Fig.  2)  is  composed  of 
the  head  5  X  20  ft.  on  top  and  battered 
1  .12  ft.  all  around,  and  the  stem  perpen- 
dicular to  its  length,  vertical  on  the  sides 
and  at  one  end,  and  7  in.  across. 

Fig.  2. 
X 


+ 


i      ELEVA  TION            j 
i                                              i 
i                                              ] 

i                           .< 

1                                            s 

j 

i 

1 

A 
O 

X 

<  5> 

PLAN 

The  height  of  the  head  =  h.  The  height 
of  the  head  and  stem  =  h-\-hl;  hx  here  =  3.5 
ft.  Call  b  as  before  =  batter  ;  call  ip=  dis- 
tance from  front  face  of  top  of  head  to  end 
of  stem. 

Now  the  earth  presses  against  (13-J-5A)1 
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in  length  of  head  for  the  height  A,X^  (^s 
is  very  nearly  correct  for  this  steep  batter) 
and  against  7'  of  stem  at  end. 

According  to  the  well-known  theory  of 
statical  moments  the  sum  of  the  moments 
of  the  forces  caused  by  the  pressure  of 
earth  =  (weight  of  part  of  head  on  both 
sides  of  stem)  X  its  lever  arm  -j-  (weight  of 
stem  and  rest  of  head)  X  ^s  lever  arm. 
The  moment  of  stability  (see  §  3)  of  part  of 
head  on  both  sides  of  stem  =  (5  -f-  bh) 
(13  +  bh)  h  (5  -f  2bh)  fw.  Do.  rest  of 
head  and  stem  =  7  A1  (i/>  —  5)  f  (i/>  -f-  bh) 
-f  Ih  (ip  +  ^bh)  |  (V»  +  bh).  The  usual  ap- 
parent computation  of  volumes  being  used. 

The  moment  of  earth  pressure  is  (eq.  2) 

v  '         6to  (1  +  sin  <p) 

Putting  0  =  34°  we  have,  when  there  is 
equilibrium,  from  overturning, 

(5  +  hh)  (13  +  Wi)  h[5-\-2bh)  f  +        (9) 
Uh'  0/-  -  5)  +  Ik  ($  +  ibfc>]  (+  +  bh)  f 


=  (20  +  bh) 


.047  (h  +  h')3w' 


For  h  =  24  w  =  to' ,  the  stem  projects  but  2  or  3  ft. 
"    /»,  =  36  and  w  =  io'i/>  =VJ '.3,  or  clear  stem  of 
14.3  feet. 

For  h  =  60  and  to  =  to1  ij>  =  SD1^,  or  clear  stem  of 
29.2  feet. 

These  are  large  values,  as  will  be  shown 
§  13,  though  often  longer  stems  are  built ; 
even  11  times  the  height  is  used,  though 
here  the  object  is  to  prevent  the  earth  run- 
ning in  front  of  the  abutment  so  that  no 
washing  away  of  it  will  occur.  By  dimin- 
ishing the  water-way  some,  the  T  abutment 
can  be  built  just  large  enough  to  resist 
earth  pressure  ;  then  the  bank  can  be  pro- 
tected from  washing  by  a  foot  wall  and 
riprapping  at  a  steep  slope.  Wing  wall 
abutments  will  on  this  account  give  more 
water-way  or  less  bridge,  though  costing 
more  than  the  T  abutments.  A  calculation 
in  each  case  of  which  is  cheapest  in  the  end 
must  be  made,  as  the  life  of  bridge  trusses 
vary,  and  the  amount  of  riprapping  is  de- 
pendent on  high- water  mark  and  velocity 
of  the  stream. 

The  mere  saving  in  bank  from  a  long 
stem  is  nothing  like  the  extra  cost  of  mason- 
ry. The  difference  minus  the  cost  of  rip- 
rapping so  as  to  give  the  same  water-way 
with  a  shorter  stem,  being  so  much  money 
wasted. 

13.  The  true  solution  for  this  and  all  simi- 
larly shaped  abutments  (calling  hQ=  height 
at  which  earth  strikes  head  and  t=  diameter 


of  base  of  head)  is  this.  The  first  side  of 
eq.  (9)  (as  the  earth  slopes  against  head 
abutment  0°  deg)  must  by  eqs.  (3)  and  (2) 

fl3  4-  bh)  f"'1  cos2#03      to1  cos  cf,sm<bh0*t  lg+j)"l 

^  L         lit  V  H  'A 


+  7 


6W~(1  +  sin  <p)        ' 


when  0  =  34°  9  =  f,  we  deduce  (10) 

(5  +  bh)  (13  +  bh)  h  (5  +  2'  h)  %  + 
[7/t'  Q«p  — 5)g>  -+-  Ih  {--p  +  \bh]  f  ^  +  bh) 


=  ^[(13  +  W«)(.n4/*03-.2/V)  +  7X.47(fc-H03 

This  form  will  answer  for  different  di- 
mensions, see  §  23.  There  would  not  be 
much  error  in  considering  earth  level  on 
head  at  height  h  and  on  stem  aft  A  -|-  h\  see 
§§  6  and  7.  It  is  evident  that  the  length 
of  stem,  as  the  earth  slopes  from  it,  deter- 
mines hQ,  and  by  the  formula,  hQ  is  assured 
and  i/>  obtained.  One  or  two  trials,  however, 
will  make  the  assumed  and  computed  values 
of  stem  agree. 

Example:  /i=00/i0to— to1,  try  h 0=  54,  then  bh  =5' 
and  by  eq.  (10;  625u0  +  166.7V2  +  1183^  =  17.5* 
(yU03)  +  60349, 

.  • .  ip  =  2U.5  or  clear  stem  of  25J  or  too  large. 

Try 

hQ=  50^=25.4  "      "       "      "20.4;  as 
(63.5-50)  f  =  20.2. 

This  value  of  ip  will  answer,  though  for 
safety  a  few  feet  may  be  added. 

It  is  evident,  if  the  foundation  will  admit 
of  it,  that  the  ends  of  head,  should  be  ver- 
tical, as  in  that  case  (13  -j-  bh)  2d  member 
of  eq.  (10)  reduces  to  13  ;  as  it  also  does  in 
1st  member,  but  not  with  such  a  difference 
in  results  ;  for,  as  no  part  of  the  head  can 
stand  by  itself,  it  is  economy  to  make  it  as 
short  as  possible,  thus  giving  less  length  of 
stem.  The  earth  will  run  a  little  further 
in  front  of  the  abutment,  though  for  a  head 
with  vertical  end,  eq.  (10)  is  on  the  side 
of  safety,  for  earth  embankments  are  gen- 
erally only  12  ft.  wide  at  top,  not  20  ;  con- 
sequently the  earth  does  not  extend  to  the 
same  hQ,  all  along  the  head  of  abutment,  as 
was  assumed. 

14.  Let  us  see  with  what  coefficients  of 
friction,  the  ichole  head,  alone,  would  re- 
sist sliding  from  the  earth  pressing  along 
(13-4-TL/(,j  of  its  length  ;  taking  earth  hvcl 
at  height  h  ;  by  eq.  (0*)  §  10.  " 

*  (,/,  -(-  6/,)  =  is  really  ;  but  (see  latter  part  of  this  article). 
17.5  is  sale. 
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Wf  >  P  (.13  -f  bh).    Let  h  =  36  and/=  .5  <p  =  34°, 

tlien 

.28 
.5  X  8  X  23  x  36io  >  —  h2  (13  +  &h)  io1 

.-.  3312«j  >  2OK1101 

For  7i  =  48  andf=.6  6221 10  >  5483fc' 

"    fe  =  60and/=|  IOOOO10  >  9072w' 

So,  for  these  values  of  foundation  friction 
eq.  (6*)  is  fulfilled — when  a  unit  of  length  of 
head,  though  it  cannot  by  itself  resist  slid- 
ing, the  back  joints  are  liable  to  open  for 
certain  thicknesses  of  head  and  ashlar  work 
in  it,  for  whim  see  §  20. 

15.  The  1  abutment,  Fig.  3,  has  vertical 
sides,  head  20  ft.  X^  ft.  and  stem  8  ft.  across. 
The  stem  and  head  are  the  same  height, 
which  is  nearly  the  case  in  some  iron  bridges. 
Let  us,  as  in  §  12,  first  assume  the  earth  level 


CD|<— 


with  top  of  abutment ;  then  the  moment  of 
stability  of  head  on  either  side  of  stem  = 
qwh  12X42  ;  the  moment  of  stability  of 
stem  and  rest  of  h.ea&  =  qto7i  84  2  :  then 
by  2d  member  of  eq.  (2). 

W/t(72  +  31*)  =  w [  (l-gingWt3      (11) 
^0  ^1  -j-sin  <p)  6 

For  0  -  34° 

/.31SA*'W»        77 

*=y— w—  -2*. 

Take  W  ==  wx  as  about  an  average 

For7i  =  ll'.4  t/,=  4'     or  a  clear  stem  of   0/ 
=  20  =10  6 

=  24  =  12.5  8.5 

=  30  =  16.  12.0 

=  36  =19.4  15.4 

=  60  =  33.  29. 

These  values  are  a  little  too  large,  as  will 
be  seen  §  17. 

16.  Let  us  compare  the  volumes  of  the 
two  abutments,  Figs.  3  and  2,  taking  the 
values  of  i/>,  §§  12  and  15 

For  h 


Cub.  ft 


=  24,  abt.  Fig.  3,  0,  =  12  5,  vol.  =    3552  J 
7t  +  /i'=24     "      "    2,  ii,=   8         "    =   3355  | 


h  =39.,' 
h  -f  h'  =  39. 5 

h  =  63.5 
A-f  A'=63.5 


"  =    8S48  / 

2,^=17         "  =    9564  \ 

3.  ^,  =  36         "  =21336  j 

2,  </,  =  29        »  =21618  j 


Up  to  about  30  ft.  high  the  battered  one  is 
cheapest ;  above  that  height  the  one  Fig.  3, 
and  the  saving  is  in  rubble  backing,  as  the 
ashlar  is  nearly  the  same  in  both.  See 
§20  for  principal  defects  of  this  abutment. 

17.  The  strict  formula  is  similar  to  that 
of  §  13  for  this  abutment,  Fig.  3.    Let  0=34 


deg:.,  then 


W 


/i(72+342)=  =r[12  (.1147? 


W 


(12) 

.8/V)+8X.047/Vj 


For  w  =  wl 


4  on/,, 


3.2//, 


h 


+  .  125/i* -24 


For  h  =  30, 

try  7i0  =  21 ;  4  =  15.4,  clear  stem  =  11.4 
a  little  long 

try  h0  =  23;  4  =  14.4,     "        "     =10.4 

correct  as  (30  -  23)  §  =  10.4  nearly. 

For  h  =  50, 


tryA0 


37  ;  V  =  25.8,  clear  stem  =  21  8 
36;  f  =24.8,     "        "      =20.8. 

18.   /Sliding. — As  in  Art.   14,  first,  take 
the  weight  of  whole  head  =  W  : 


\V/  must  be 
or  SOwhf  must  be 
For  0  =  34°,  w  = 


>  P  X  12, 
w1/r2(l  —  sinsj 


X12. 


2  (1  -fshitf.) 

L       / 2    . 

>  J  —  ~5  > 

When  7i=32,  sliding  would  just  occur  but 
for  the  friction  from  the  overlapping  of 
joints  at  junction  of  stem  and  head,  as  the 
tenacity  of  mortar  should,  for  safety,  be  left 
out  of  consideration. 

19.  The  formula  for  this  friction  is  found 
by  Rankine  in  the  folloAving  manner  :  Let 
/>=length  of  overlap  at  each  joint  (see  Fig. 
4) ;  c?=depth  of  one  course,  £=thickness  of 
wall,  supposed  to  overlap,  and  y=the  depth 

Fi>.  4. 


*! 

</ 

<h 

■> 

* 

— 

H 

, . 

1 

1 

1/ 



of  joint  considered,  wot  y= vertical  pres- 
sure or  weight  on  the  overlapping  portions 
of  the  stones  or  bricks  at  the  depth  y,  i.  e., 
on  a  surface=6  t  at  that  depth.  Then 
w  b  t  y  t/'=amount  of  frictional  tenacity  for 
the  joint  at  the  depth  y. 
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The  value  of  y  for  the  top  course  —  d. 
"         "       «  y    "     "   lowest  "      =  nd 
by  putting  n  =  no  courses,  so  that  y  =  nd. 
The  mean  value  of 

n+  1 


2/  = 

Mean  frictional  tenacity 
n+  1 


cL 


ftcMd . 


Total  amount  of  depth  y  is 
A 


\fWbtd=f«u%+M 


For  headers  and  stretchers  alternately  -\=  '■? 

usually,  and  putting  f=  f.     Total  amount 
of  frictional  tenacity  for  depth  y 

=«£+*:  (13) 

4 

20.  Let  us  consider,  for  abutment,  Fig.  3, 
the  horizontal  thrust  of  earth =P  X  12,  op- 
posed by  the  friction  of  head  and  that  of 
the  overlapping  of  blocks  at  junction  of 
stem  and  head,  at  the  variable  depth  y 

dy)        (14) 


P  X  12  must  be 


wtsoufi-^y* 


As  §  3     F  = 
for  0  =  0    put  <p 


W  (1-sin  f)    2 
2  (1  -f-  sin  0)  ^ 
34°     .-.     P  =  .14W12/2 


(15) 


t  W 

1.7y2  must  be  <  [80fy  +  -  (y«  +  dy;]  — 

For  £  =  8,  or  whole  width  of  stem  ashlar 
work,  this  equation  is  always  fulfilled  for 
W  =  Wl.  Substituting  t  =  4  or  half  the 
width  of  stem  (rubble  not  supposed  to  over- 
lap for  extreme  safety),  d  =  .2  for  brick- 
work vyT  =  b'/  =»  we  find  that  for  y  =  50, 

the  head  would  slide  away  and  for  founda- 
tion friction  =  .4,  y  =  h  =  31  is  the  max- 
imum height  that  can  be  used.  This  should 
forbid  brick  for  this  abutment  with  a  poor 
foundation.     For  granite 

W-      10  ..      , 

=-  =  —  say  and  for/  =  .4,  y  =  h  must  be 


62. 


For 


:  h  must  be  <  102. 


It  is  plainly  seen  from  §§14  and  20  that 
the  heads  of  T  abutments  must  increase  in 
width  at  top  as  they  increase  in  height  and 
the  preceding  formulae  can  establish  that 
width  for  any  assumed  foundation  f  and 
value  of  t ;  having  regard  also  to  the  fol- 
lowing article. 

21.   When  the  horizontal  thrust  of  earth 
is  greater  than  the  bottom  friction  on  one 


side  of  stem,  though  less  than  the  combined 
bottom  friction  of  entire  head  -j-  friction 
from  overlapping  of  stem,  the  path  of  head 
6  ft.  long  by  4  ft.  wide  (Fig.  3),  is  in  the 
condition  of  a  beam  uniformly  loaded,  with 
a  force    (P  X  6  —  w  X  24  y  f)  or   a   force 

r&V-2Awyf\ 

applied  at  one  end  of  head,  tending  to  com- 
press the  front  and  extend  the  back  of  the 
head  of  the  abutment ;  which  extension 
force  must  be  resisted  by  the  friction  of  its 
courses  (again  assuming  mortar  tenacity= 
0).  By  eq.  (13)  considering  that  the  lever 
arm  of  the  thrust,  caused  by  earth  pressure 
=6,  and  that  of  frictional  resistance=3, 
say,*  and  for  t=2 

(16) 

_  wl  (A2  +  dli)         .,      -6P-24?rAf 

3  — - — — must  be  > ^ 6 . 

4  2 

For  <p  =  34° 

3 

-wl  {h2  -f-dA)  must  be  >  2.01c1  h*  -  72whf. 

Letw  =  io\  t  =  2,  d  =  2,f=  %     A<51 

to  prevent  the  back  joints  from  opening. 
For  brickwork  h  will  be  still  less  and  for 
granite  more  than  the  above  value.  The 
facts  before  us  as  to  this  abutment,  on  the 
supposition  that  the  earth  is  level  with  top 
of  head,  are  these  :  For  heights  about  30 
ft.  and  rock  foundation,  sliding  of  the  whole 
head  would  occur  but  for  friction  of  over- 
lapping stem  ;  with  a  brick  abutment  and 
foundation  f=  .4,  the  whole  head  would 
slide  away  from  stem  (for  t  =  2  in  eq.  (15)), 
though  for  f=  §  the  height  may  be  up  to 
50 ;  for  a  granite  abutment  h  may  be  up 
to  62  for  ,/'=.4  and  with  rock  foundation 
up  to  100 ;  but  §21,  the  height  must  not 
be  over  50  about,  or  the  back  joints  will 
open  for  t  =  2  of  eq.  (16). 

However  the  earth  in  practice  slopes  at  6 
angle  from  end  of  stem ;  therefore  heights 
greater  than  these  can  be  used  and  the 
preceding  formulte  suffice  to  compute  the 
effect,  as  the  inclined  thrust  of  earth  can  be 
resolved  (§  10)  into  a  vertical  and  a  horizon- 
tal component;  the  former  adding  to  the  fric- 
tion of  the  base,  the  latter  causing  the  slid- 
ing, if  any. 

This  abutment  (Fig.  3),  though  cheaper 
for  heights  over  30  ft.,  does  not  look  so 
satisfactory  as  the  one  Fig.  2.  Its  width  of 
head,  however,  can  be  increased  at  pleasure 

*  See  Haupt's  Bridge  Construction,  p.  94, 
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bo  as  to  conform  to  any  condition  imposed 
upon  it  by  the  preceding  eqs.  The  bat- 
tered abutment  is  generally  preferred,  as  it 
distributes  the  same  weight  over  a  greater 
area  of  foundation.  For  a  rock  foundation 
this  is  not  essential. 

22.  It  is  evident  that  the  earth  pressing 
against  the  sides  of  the  stem  and  head  of 
the  T  abutment,  causes  friction,  opposed  to 
overturning,  and  this  is  an  advantage  in 
any  counterforted  wall,  over  one  of  uniform 
crop  section ;  but  its  amount  is  difficult  to 
estimate,  and  prudence  forbids  its  being  in- 
cluded in  the  computation. 

For  heights  up  to  60,  the  proximate 
methods  for  abutment  (Fig.  2),  give  good 
■working  values.  For  the  abutment  (Fig.  3), 
the  strict  formula  had  better  be  used  and  a 
few  feet  added  to  stem,  for  some  unforeseen 
change  in  </>  or  foundation/! 

23.  When  the  cars  run  over  the  top  chord 
of  a  railroad  bridge,  the  part  h'  (Fig.  2)  is 
usually  18  ft. — 30  ft.  high.  Let  us  apply 
the  preceding  forrnuke  to  the  case  of  a 
brick  abutment  built  years  ago,  which  has 
stood  the  test  of  time  and  is  of  the  follow- 
ing proportions  (refer  to  Fig.  2) :  1i—  60  ft. 
h  =19  ft,  head  7ft. X 18  ft.  at  top,  stem  36 
ft.  long   from  middle  of  head;   head  bat- 

W         5 
tered   1.12  ft.,      c— -  = — .      Use  the   form 

(eq.  10)  putting  for  5  ft.  width  of  head  at 
top,  7  ft.,  and  for  7  ft.  width  of  stem,  8  ft., 
/i=58,  then 

(7  +  bh)  (10  +  hh)  (7  +  2bh)  $h  + 

[m1  Kx  -  3  J)  4-  8h  {x  4-  i  bh)]  ~  {x+bh) 
=  [15  (.114V-.2  hQ*)  +8  X  .047  (h4-19)3]  ~ 


14364 
6 


1250 


.-.   63,S50  +  23742 

=  (162,075  -K1S5,383)  ^ 
o 

a:  =  35.4  or  stem  =  32'  long  from  middle  of  head. 


So  this  abutment  is  safe  from  overturning. 

If  the  head  had  only  been  batterbd  on  its 
face  and  back,  then  the  coefficient  (15)  in 
second  member  above,  would  have  been  10, 
as  also  (10-4-  bh)  in  first  member,  giving 

47150  +  2374z  -f  14364  =  352,120 
.  • .  x  =  33  or  stem  2'J^  long 

would  have  caused  an  equilibrium. 

To  prevent  the  whole  head  from  sliding, 
from  its  bottom  friction  alone  ;  as  the  earth 
presses  against  (10  -\-  bh)  15'  of  it,*  by  eq. 


*  The  part  of  stem   directly  oyer   head  is  disregarded, 
though  its  weight  may  bo  easily  added  to  that  of  heivi,  etc. 


(5)  (p  34) /'must  be  greater  than 
15x.34/uol  _. 


12  x  23to  +  23/i«;115       ' 

Reasoning  similarly  to  §  20,  calling  W* 
weight  of  head,  as  §  3, 

P  cos  0=.34/i2iol  (for  0  =  34°)  and  P  sin  <j> 
=.23/i2ic'. 
P  cos  <j>  X  15  must  be  <  (W4- 15  P  sin  <p) 

,  .   th  (h  4-  d)jo 

For  w==  5    iol  =  6   t  =  U    and   d  =  .2 
hQ  ==  h  =  60,  and  dividing  by  h 

1836  <  2022/4-  263  or/ must  be  >  .6 

to  prevent  head  sliding  away  from  stem. 

If  the  ends  of  the  head  had  been  built 
vertical : 

10  x  .34/ao1 


/> 


=  .61 


6U  X  18  +.23/K01  X  10 

to  prevent  sliding  of  head  from  its  bottom 
friction  alone,  and  /"must  be  >  .5,  or  the 
horizontal  thrust  of  earth  will  be  >  head's 
foundation  friction  and  the  overlapping  fric- 
tion of  stem. 

This  abutment  was  in  a  dry  place,  had  a 
good  foundation  of  clay  and  needed  no  rip- 
rapping  of  bank.  The  pressure  of  earth  in 
front  of  abutments  assists  their  stability  ; 
though  it  is  safer  not  to  estimate  it,  except 
as  adding  to  the  stability  of  an  otherwise 
equilibrated  structure. 

Consider  a  unit  of  length  of  head  as  re- 
gards sliding 

P  cos  6  .34ft2  to 

f  must  be  >  w  +  Psiu0-mu,-+  i23A««, 

or /"must  be  >  .85,  which  it  is  not,  there- 
fore it  is  in  the  condition  of  a  beam  uni- 
formly loaded.  By  §  21  to  prevent  back 
joints  from  opening,  the  resistance 

4 

(average  lever  arm)  must  be 

P  cos  0  X  7.5  -  ( I '2kw  4  P  sin  0)  f  X  7.5  _  _ 
>  rz " X  7.5, 

as  7.5  is  the  lever  arm  of  the  force,  for 
0=^39 


.  • .  wt  (h  +  d)  > 


2  55hvBl-Q2io 4 . 23ftw')7.5/ 


X3. 


Put  A=60,  w=5,  to1  =  6,  t?  =  .2,  *  =  3.5, 
then  1053  >  1377  -  1607/an  equation  ful- 
filled for/' >  .2.  So  there  is  no  danger 
from  back  joints  opening. 

For  t,  or  thickness  of  bonded  work  at 
back=2,600  >  1,377—1,00  >  f,  an  eq.  ful- 
filled for/>  .48.    With  the  end  of  the  head 
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vertical  there  would  be  no  possible  clanger 
from  this  cause. 

In  this  way  every  T  abutment  can  be  ex- 
amined for  its  weak  points,  the  best  propor- 
tion established  and  the  proper  size  calcu- 
lated ;  so  far  as  they  are  dependent  upon 
earth  pressure.  Thus  for  the  above  abut- 
ment the  width  should  be  greater,  of  the 
head,  at  top,  to  resist  better  its  sliding  away 
from  stem,  and,  as  before  stated,  this  width 
should  vary  with  the  height  in  any  abut- 
ment. 

The  abutment  Fig.  2  can  be  tested  for 
eliding  in  a  similar  manner. 

24.  Where,  in  Fig.  2,  A1 =20,  i/>=35, 
and  b—0,  or  vertical  sides,  eq.  10  will  give 
A=42  about,  or  an  abutment  62  ft.  high, 
with  a  clear  stem  of  30  (just  allowing  the 
earth  at  1^  slope  to  reach  the  top  of  head) 
will  resist  the  earth  thrust.  For  all  deck 
bridges,  however,  for  any  height  less  than 
this,  there  must  be  a  stem  30  ft.  long  if  the 
earth  takes  its  natural  slope,  or  less  with 
riprapping,  i.  e.,  generally  the  stem  is  longer 
and  costs  more  than  is  necessary.  Then  why 
not  use  a  through  bridge  in  all  such  cases, 
where  there  are  no  piers ;  or  even  one  or  two 
piers,  if  there  is  a  total  saving  in  masonry  ? 

The  "  rule"  is  to  construct  a  deck  bridge 
if  the  grade  line  will  admit  it,  though  the 
contractor  will  build  a  through  as  cheaply 
as  a  deck  bridge.  A  large  number  of  piers, 
of  course,  require  a  deck  bridge  for  econo- 
my (as  their  height  is  18  ft. — 20  ft.  less), 
though  for  only  one  or  two  piers,  a  calcula- 
tion may  show  a  saving  in  the  through 
bridge. 

The  earth  should  never  be  allowed  to 
press  against  the  planking  of  the  bridge,  as 
it  will  eventually  give,  and  a  terrible  accident 
to  the  first  train  may  be  the  consequence. 
To  meet  this  difficulty  a  vertical  wall  of  the 
same  length  as  head  of  abutment  and  height 
of  stem  is  often  added  to  the  back  of  head, 


and  the  stem  placed  to  that.  For  A1  (Fig.  2) 
=  20,  this  wall  must  be  5  ft.  or  6  ft.  thick,  if 
earth  presses  against  its  entire  height,  or  less 
when  a  stem  is  used.  For  A  -j-  A'  (Fig.  2) 
=30  batter  in  front  (only)=T1^-  top  of  head 
5X20,  wall  6X20  on  top  this  abutment, 
without  any  stem  will  resist  earth  pressure,* 
though  then  the  earth  presses  against  the 
side  of  the  bridge,  and  it  will  take  a  stem 
of  12  with  a  slope  of  earth  of  45  deg.  to 
nearly  clear  it  with  a  wall  2.5  thick  (which 
by  §  6  will  do).  By  using  this  abutment, 
the  deck  bridge,  over  certain  heights,  is  as 
cheap  as  the  other. 

Wing  wall  abutments  give  a  larger  water- 
way, greater  protection  to  bank,  but  cost 
more  than  T  abutments  for  these  reasons  : 
The  lever  arms,  being  reckoned,  for  the 
masonry  to  resist  overturning,  from  near 
the  front  line  of  base  and  that  line  extended, 
are  not  so  much  with  a  wall  inclined  between 
0  deg.  and  90  deg.  as  in  a  wall  perpendicu- 
lar to  face  as  the  stem  of  the  T  abutment; 
again  the  whole  width  of  bank  presses, 
though  with  variable  height,  instead  of  only 
18  ft. — 20  ft.  as  in  the  T  abutment ;  and, 
lastly,  the  wing  walls  diminish  in  height 
towards  their  ends. 

From  the  first  and  last  causes,  it  is  evi- 
dent the  moment  of  stability  is  not  so  much 
as  in  a  T  abutment  of  equal  weight,  and  as 
the  total  pressure  is  greater,  we  can  see  why 
the  wing  wall  abutments  for  the  same  height 
take  more  masonry  than  the  T  abutments. 
A  calculation  alone  will  show  which  is  cheap- 
est in  the  end. 

It  is  hoped  the  preceding  will  be  useful 
to  the  profession  in  investigating  the  sizes 
and  proportions  of  "  Uniform  Section  and  T 
Abutments  "  so  far  as  they  are  affected  by 
earth  pressure. 

^PpareBtly120X30X^2;oX6Xli>X3-6  >.047X30» 
.-.     1395  >  1269. 
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We  now  propose  to  consider  the  subject 
in  greater  detail.  And  here  we  may  in  the 
first  place  remark  that  there  are  two  ways 
in  which  a  storage  reservoir  may  be  em- 


Engineering." 

the  reservoir  during  the  flow  of  the  tide, 
and   the  reverse  way  during  its  ebb,  but  a 


small   head   or   difference    of   level    being 
maintained  between  the  water  in  the  tide- 


ployed  in  connection  with  a  tide-way  for  the  I  way  and  that  of  the  reservoir,  and  the  tur- 
development  of  power  by  turbines.  Ac-  bines  being  thus  driven  almost  continu- 
cording  to  the  one  plan,  the  water  would  be  ously.  According  to  the  other  plan,  the 
permitted  to  flow  through  the  turbines  into    sluices    of  the   reservoir  (the   latter  being 
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supposed  to  have  been  emptied  during  the 
preceding  ebb)  would  be  kept  closed  during 
the  early  part  of  the  flood,  and  only  opened 
when  a  considerable  head  of  water  was 
available  for  working  the  turbines  ;  while, 
during  the  ebb,  a  similar  course  would  be 
followed,  the  water  not  being  allowed  to 
flow  from  the  reservoir  until  the  external 
water  had  fallen  to  a  considerably  lower 
level.  The  former  plan  would  necessitate 
large  storage  reservoirs,  and  turbines  capa- 
ble of  developing  the  required  power  with 
a  small  head  of  water ;  while  the  latter 
would  require  smaller  storage  capacity  for 
a  given  power  (the  mean  working  head  of 
water  being  greater,)  and  perhaps  slightly 
smaller  turbines,  but  it  would  necessitate  a 
vast  increase  in  the  accumulator  power,  as 
the  working  of  the  turbines  would  be  inter- 
mittent. Notwithstanding  this  latter  dis- 
advantage, the  last  mentioned  system  of 
working  is  one  which  has  not  unfrequently 
been  advocated,  and  it  is,  therefore,  worth 
while  to  examine  it  more  closely. 

The  1,000  horse-power  which  we  have 
taken  as  our  standard  of  comparison,  is  the 
equivalent  of  a  1,000  indicated  horse-power 
developed  by  the  steam-engines  which  the 
tide  motor  is  designed  to  replace  ;  and  it 
would  probably  represent,  say,  about  750 
horse-power  actually  exerted  on  the  shafting 
of  the  mill.  This  horse-power  is,  of  course, 
represented  by  a  considerably  higher  power 
developed  by  the  turbines,  and  a  still  greater 
amount  of  water-power  expended  at  the 
storage  reservoir.  To  apply  750  effective 
horse-power  to  the  shafting,  the  hydraulic 
engines  would  probably  have  to  indicate 
about  1,100  or  1,150  horse-power,  against 
the  1,000  horse-power  indicated  by  the 
steam-engine,  while,  in  addition  to  this,  the 
turbines  have  to  develop  the  power  ex- 
pended in  overcoming  the  friction  of  the 
water  in  the  pipes,  the  friction  of  the 
pumps,  and  the  losses  by  leakage ;  while 
the  water  entering  the  storage  reservoir 
and  supplied  from  it,  has  to  represent  an 
amount  of  power  exceeding  that  developed 
by  the  turbines  to  an  extent  varying  with 
the  efficiency  of  the  latter.  Thus,  to  enable 
the  hydraulic  engines  to  indicate  1,100 
horse-power,  and  to  exert,  say,  750  effective 
horse-power  on  the  shafting,  the  turbines 
would  probably  have  to  develop  on  the 
average  about  1,400  horse-power,  while 
with  turbines  of  fair  efficiency,  this  would 
represent  the  expenditure  of  about  1,800 
horse-power  in  the  water  used.    If  we  take 


into  account  the  losses  from  leakage  into 
and  from  the  reservoir,  and  the  diminution 
of  efficiency  of  the  turbines  when  working 
with  exceedingly  small  heads,  we  can  scarce- 
ly conclude  that  a  water-power  of  less  than 
2,000  horse-power  will  be  requisite  to  fur- 
nish the  equivalent  of  1,000  steam  indicated 
horse-power  at  the  mills  where  it  wdl  be 
utilized.  This  conclusion  enables  us  to 
estimate  approximately  the  size  of  reser- 
voir required  under  given  circumstances. 

We  have  said  that  the  average  power  to 
be  developed  by  the  turbines  to  furnish  750 
net  horse-power  at  the  mill,  where  the  power 
to  be  used  would  probably  be  about  1,400 
horse-power;  but  this  would  only  be  true  if 
the  turbines  and  the  hydraulic  engines 
driven  worked  the  same  number  of  hours 
per  day  or  per  week.  If  the  intermittent 
system  of  working  of  which  we  have  already 
spoken,  was  adopted,  the  turbines  could 
probably  only  be  run  run  about  1^  hours  per 
tide,  or  say  33  hours  in  an  ordinary  working 
week  of  5^-  days,  while  the  hydraulic  en- 
gines would  probably  run  about  54  hours. 
The  average  power  developed  by  the  tur- 
bines when  at  work  would  thus  have  to  be 
increased  in  the  proportion  of  54  to  33,  or  to 
furnish  750  net  horse-power  at  the  mills  it 
would  be  required  that  they  should  develop 

1400  x  o4 

=  2291  horse-power. 

The  size  of  storage  reservoir  required 
would  depend  upon  the  rise  and  fall  of 
tide  and  upon  the  system  of  working  adopt- 
ed, the  largest  amount  of  storage  being,  as 
we  have  explained,  necessary  if  the  tur- 
bines are  driven  almost  continuously  during 
both  the  ebb  and  flow.  If  the  intermittent 
system  be  adopted,  and  the  turbines  be 
worked  during  the  first  and  last  three 
quarters  of  an  hour  of  each  ebb  and  flow, 
there  are  probably  few  places  where  a  mean 
effective  head  of  more  than  10  ft.  could  be 
reckoned  upon  during  the  whole  passage  of 
the  water  through  the  turbines.  Under 
such  circumstances  each  pound  of  water 
entering  or  leaving  the  reservoir  would  re- 
present, therefore,  10  foot-pounds  of  work. 
We  have  said  that  to  supply  750  net  horse 
power  at  the  mills,  a  quantity  of  water  re- 
presenting 2,000  horse-power  would  prob- 
ably have  to  be  used,  and  this  being  the 
case,  and  the  mills  probably  being  run 
about  54  hours  per  week,  the  water  entering 
and  leaving  the  storage  reservoir  per  week 
would  have  to  represent  2,000X33,000X54 
X60=213, 840,000,000  foot-pounds  of  work, 
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or  taking  the  mean  head  as  10  ft.  the  aggre- 
gate influx  and  efflux  would  have  to  be  21,- 
384,000,000  lbs.  of  water.  If  twenty-two 
tides  (ebbs  and  flows)  were  turned  to  ac- 
count in  a  working  week,  this  would  give 
972,000,000  lbs.  of  water,  or  15,552,000 
cubic  ft.,  to  flow  into  or  out  of  the  reservoir 
per  tide,  and  as  the  variation  of  level  in  the 
reservoir  would  probably  not  be  more  than 
15  ft.  or  16  ft.,  this  would  give  the  area 
necessary  as  about  a  million  square  feet,  or, 
say,  about  23  acres.  If  a  less  rise  and  fall 
was  allowed,  then,  of  course,  the  area 
would  have  to  be  proportionably  increased. 

If  the  turbines  were  driven  only  by  the 
outflow  of  the  water  from  the  storage  re- 
servoir, and  were  run  during  the  last  half 
of  each  ebb  and  the  first  half  of  each  flow, 
they  could  be  worked  a  greater  number  of 
hours  per  week  than  would  be  the  case 
under  the  conditions  we  have  supposed 
above,  and  hence  the  average  power  which 
they  would  be  required  to  develop  when 
running  would  be  proportionately  less.  But 
on  the  other  hand,  the  intervals  during 
which  the  turbines  would  be  at  rest  would 
be  increased,  and  hence  there  would  have 
to  be  a  corresponding  increase  in  the  accu- 
mulator power. 

We  shall  not,  however,  dwell  here  upon 
the  modified  systems  of  working  the  tur- 
bines which  might  be  adopted ;  but  before 
bringing  this  article  to  a  conclusion,  we 
desire  to  say  a  few  words  respecting  the 
cost  of  the  pipes  by  which  the  water  under 
pressure  would,  according  to  the  system 
proposed  by  Mr.  Bramwell,  be  conveyed 
from  the  accumulators  to  the  points  where 
it  was  utilized.  And  here  in  the  first  place, 
we  may  direct  attention  to  a  fact  which  we 
have  never  seen  publicly  noticed  ;  but  which 
is  nevertheless,  we  have  no  doubt,  known  to 
many  of  our  readers  ;  and  that  is  that — 
setting  aside  the  allowances  for  corrosion, 
and  for  joints — so  long  as  the  velocity  of 
flow  remains  constant,  the  weight  of  piping 
required  to  convey  a  quantity  of  water  re- 
presenting a  given  power  is  unaffected  by 
the  diameter  of  the  pipes  used,  or  by  the 
pressure  under  which  the  water  is  supplied. 
Thus,  if  at  a  given  rate  of  flow,  and  with 
water  under  a  given  pressure,  a  certain 
sized  pipe  will  convey  100  horse-power, 
then  a  pipe  twice  that  diameter  will  convey 
400  horse-power.  But  the  larger  pipe  will 
also  be  four  times  the  weightof  the  smaller, 
for  its  circumference  will  be  twice  as  great, 
and  it  will  have  to   be  made   of  twice  the 


thickness  of  metal  to  resist  the  same  pres- 
sure. Again,  if  the  pressure  of  the  water 
passing  throug  a  pipe  be  doubled,  the  horse- 
power conveyed  will  be  doubled  too,  but  so 
also  will  be  the  weight  of  the  pipe,  as  its 
thickness  will  have  to  be  doubled  to  resist 
the  increased  pressure.  In  practice,  the 
larger  pipes  and  higher  pressures  have  an 
advantage,  inasmuch  as  with  them  the 
allowances  which  must  be  necessarily  made 
for  corrosion,  etc.,  form  a  smaller  propor- 
tion of  the  whole  weight.  On  the  other 
hand,  however,  with  large  diameters  and 
very  high  pressures,  the  joints  become  a 
difficulty. 

If  we  suppose  a  pressure  of  1.000  lbs. 
per  sq.  in.  to  be  adopted  for  the  water  used 
for  transmitting  the  power  from  the  tur- 
bines to  the  hydraulic  engines,  then  a  "bar" 
of  water  1  in.  in  diameter  moving  at  the 
rate  of  3  ft.  per  second — as  high  a  velocity 
probably  as  would  be  admissible — would 
transmit  4.27  horse  power.  Making  a  small 
allowance  for  friction  and  other  cases,  let 
us  estimate  the  power  transmitted  at  the 
rate  of  4  horse  power  per  circular  inch  of 
section  of  the  "bar"  of  water;  then  to 
transmit  1,000  horse-power,  the  "bar" 
would  have  a  section  of  250  circular  inches, 
corresponding  to  a  pipe  15.81  in.  in  diame- 
ter. Such  a  pipe,  or  the  equivalent  number 
of  smaller  wrought -iron  pipes  which  it 
would  probably  be  found  more  convenient 
to  employ,  would — making  allowances  for 
the  joints,  etc. — weigh  above  2  cwt.  per  ft. 
run,  or  528  tons  per  mile  ;  and  taking  the 
cost  of  such  pipes,  including  laying,  at  but 
£25  per  ton  (and  at  the  present  time  they 
certainly  could  not  be  got  for  anything  like 
this  price),  we  should  thus  find  the  cost  of 
the  mere  piping  for  carrying  1,000  horse- 
power to  a  distance  of  one  mile  to  be  £13,- 
200,  or  a  sum  considerably  exceeding  half 
the  whole  outlay  which  we  have  shown  that 
it  would  be  justifiable  to  incur  to  save  the 
cost  of  the  coal  and  other  expenses  attend- 
ant upon  the  developing  of  1,000  indicated 
horse-power  in  a  good  steam  engine. 

We  have  far  from  exhausted  the  subject 
of  utilizing  tide  power ;  but  we  think  we 
have  said  sufficient  to  show,  that  unless 
under  very  exceptional  circumstances  there 
is  little  chance  of  that  power  being  profit- 
ably introduced  as  a  substitute  for  that  ob- 
tained by  the  consumption  of  coal  in  con- 
nection with  a  good  steam  engine.  The 
fact  is,  that  the  prospect  of  being  able  to 
turn  the  vast  power  of  the  tides  to  useful 
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account  is  such  an  enticing  one,  that  it  up- 
pears  generally  to  have  dazzled  those  who 
have  advocated  it,  and  prevented  them  from 


contemplating  it  with  that  due  regard  to 
the  £  s.  d.  side  of  the  question,  that  is  so 
essential  in  matters  of  this  kind. 


A  NEW  FORMULA  FOR  THE  LENGTH  OF  AN  AEC. 

Abstract.     Translated  from  Zeitsc.  des  Ver.  Deut.  Ing. 


We  find  in  very  few  books  a  formula 
for  the  determination  of  the  length  of  an 
arc  when  the  chord  and  the  versed-sine  are 
given.  And  in  the  cases  in  which  one  is 
given,  it  is  so  complex  as  to  be  difficult  of 
application;  and  besides,  requires  the  use 
of  trigonometrical  tables.  A  formula  is  to 
be  desired  which  will  give  a  direct  approxi- 
mate result ;  and  we  claim  that  the  one  de- 
duced in  this  article  is  sufficient  for  all 
practical  purposes,  while  it  is  very  simple, 
and  admits  of  graphic  construction. 

The  formula  is :  The  arc-length 
h2 


B=2-v/a2  +  /i2  + 

in   which  a   is   the   half-chord  and  h  the 
height,  or  versed-sine  of  the  arc. 


To  obtain  the  length  by  construction : 
The  value  yV  +  /«*  is  represented  by  the 
hypothenuse  BD  of  the  triangle  BCD ;  2  BD 
corresponding  with  the  first  part  of  the  for- 
mula.    From  similarity  of  triangles. 

Mn  :  AM  :  :  CD  :  AC 
or  MN  :  ty  : :  h  :  a 

the  second  part  of  the  formula.     We  may 

make  AK=A  and  take  one-third  of  KL=  — • 

(i 

This  value  is  represented  in  CE,  obtained 

by  erecting  the  perpendicular  DE  to  AD. 


hence 
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A  yew  Formula. 


The  following  tables  show  the  degree  of 
exactness  of  the  formula.  In  Table  I.  ac- 
tual magnitudes  are  given;  in  Table  II. 
are  given  the  results  obtained  by  the 
formula. 
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n 
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0.08716 

0.00381 

0.044 
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80 

0.. 12360 

0.25882 

0.03407 

0.132 
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60 

0.87266 

0.42262 

0.09369 

0.222 

0.111 

70 

1.22173 

0.57358 

0.18085 

0.315 

0.158 

£0 

1.57080 

0.70711 

0.29289 

0.414 

0.207 

110 

1.91986 

0  81915 

0.42642 

0.521 

0.260 

140 

2.44346 

0.93969 

0.65798 

0.700 

0.350 

189 

3.14159 
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1.00000 

1.000 
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n. 

26 
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Arc-         td 
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Error. 
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1-B-b 
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»  h 
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0 

Ratio  of 
Error. 

b 

Ratio  of 
Correctness, 

10 

0.17453 

0  00000 

0.00 

30 

0.52360 

0.00000 

0.00 

50 

0.87268 

0.C0002 

0.02 

1  :   50000 

70 

1.22183 

0.00010 

0.07 

1  :  12000 

90 

1.57117 

0.00037 

0.24 

1  :  4000 

110 

1.92099 

0.00113 

0  58 

1  :  2000 

140 

2.44788 

0.00442 

1.80 

1  :  600 

180 

3.16176 

0.02017 

6.42 

l  :  150 

It  is  seen  that  the  results  (B)  are  through- 
out larger  than  the  actual  values.  The 
error,  beginning  with  a  value  of  zero,  at 
first  increases  slowly,  being  ^Vtr  at  90°  ; 
while  between  90°  and  180°  it  increases 
rapidly.  It  follows  that  in  practice  the 
error  is  of  no  account. 
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SEWAGE  ENTERPRISE. 

From  "The  Engineer." 


A  great  experiment  in  the  treatment  of 
sewage  is  about  to  be  made  by  the  city  of 
Paris,  or  rather  by  the  Peat  Engineering 
and  Sewage  Filtration  Company  of  London. 
According  to  the  system  pursued  for  some 
years  past  in  the  French  capital,  the  fecal 
matters  are  removed  from  the  houses  in 
carts  and  wagons,  and  transmitted  to  La 
Yillette  and  Bondy.  In  some  cases  the 
houses  have  movable  receptacles  for  the 
purpose  of  holding  the  excreta.  In  other 
instances  the  cesspool  principle  is  adopted. 
As  far  as  possible  the  liquid  is  allowed  to 
run  off  into  the  sewers,  leaving  -foe  com- 
paratively solid  matter  behind  for  removal 
by  the  carts.  The  movable  receptacles  are 
carted  to  La  Villette,  where  they  are  trans- 
ferred to  barges  which  convey  them  to 
Bondy  by  way  of  the  canal.  The  excre- 
mentitious  matter  which  is  not  thus  packed 
away  is  discharged  from  the  vehicles  at  La 
Villette,  and  is  thence  pumped  by  steam 
power  through  a  cast-iron  pump  to  Bondy. 
At  this  favored  spot  the  whole  of  the  offen- 
sive matter  is  thrown  into  a  number  of  open 
pits  some  20  ft.  deep,  occupying  several 
acres  of  ground.  Here  a  precipitate  is 
formed  by  evaporation  and  deposition,  five 
years  or  more  being  allowed  to  elapse  be- 
fore a  pit  is  emptied.  The  atmospheric 
evaporation  creates  a  frightful  nuisance  ; 
but  vegetation  flourishes  amazingly,  en- 
riched by  the  ammonia  with  which  the  air 
is  laden.  Evaporation,  however,  fails  to  do 
all  the  work,  a  portion  of  the  fluid  being 
pumped  into  the  Seine  by  a  small  steam- 
engine.  The  solid  matter  removed  from  the 
pits  is  first  of  all  spread  out  to  dry,  then 
stacked  up,  and  finally  reduced  to  powder, 
in  which  state  it  is  sold  as  manure.  In 
addition  to  the  manufacture  of  this  " pou- 
drette"  the  works  at  Bondy  make  a  certain 
quantity  of  sal  ammoniac  and  other  chemi- 
cal products;  but  " poudrette"  is  the  prin- 
cipal article. 

The  buildings  and  plant  at  La  Villette 
and  Bondy  are  maintained  at  the  expense  of 
the  Paris  authorities.  The  contractor  is  paid 
by  the  householders,  according  to  a  fixed 
scale,  for  the  removal  of  the  excreta  from 
the  premises,  while,  on  the  other  hand,  he 
— or  rather  the  contractor  at  Bondy — pays 
the  municipal  authorities  so  much  per  cubic 
metre  for  the  matter  removed.  Formerly 
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the  Bondy  contractor  paid  the  authorities 
If.  per  cubic  metre  for  the  more  solid  por- 
tion, and  If.  25c.  per  cubic  metre  for  the 
liquid.  The  manufactured  article  of  course 
belongs  to  the  contractor.  In  reality  there 
are  several  contractors  or  companies  dealing 
with  the  Paris  sewage,  and  they  are  not 
bound  to  take  the  excreta  to  La  Villette 
unless  they  choose.  When  the  tenders  for 
the  treatment  of  the  sewage  at  Bondy  were 
opened  by  the  municipal  authorities  the 
other  day,  the  highest  price  offered  by  a 
Frenchman  for  the  semi-solid  excreta  was 
If.  30c.  per  cubic  metre.  Another  party, 
not  a  Frenchman,  offered  3f.  50c.  But 
when  the  tender  of  the  Peat  Engineering 
Company  was  opened  a  perfect  sensation 
was  produced,  the  terms  offered  being  no 
less  than  6f.  7c.  per  cubic  metre  !  An  in- 
quiry was  promptly  made  whether  the  de- 
posit money,  £20,000,  had  been  provided, 
and  this  being  answered  in  the  affirmative, 
the  tender  was  accepted,  the  concession  to 
commence  from  July  1st.  It  would  appear 
that  the.  contract  now  entered  into  relates 
solely  to  the  treatment  of  sewage,  and  has 
no  reference  to  the  collection.  The  Peat 
Engineering  Company  are  bound  to  deal 
with  all  the  nightsoil  brought  on  to  theground 
at  Bondy,  the  municipal  council  undertak- 
ing that  a  certain  quantity  shall  be  forth- 
coming, any  default  in  that  respect  subject- 
ing the  authorities  to  a  penalty  of  half  a 
franc  per  cubic  metre  for  the  quantity  de- 
ficient. It  might  be  said  that  the  penalty 
ought  to  be  equal  to  the  price  ;  but  of  course 
the  authorities  made  their  own  terms  in 
regard  to  the  penalty,  and  evidently  never 
expected  to  get  such  a  prodigious  figure  for 
the  article  they  had  to  sell. 

It  is  important  to  know  how  the  Peat 
Engineering  Company  can  expect  to  realize 
a  profit  on  sewage  matter  bought  at  so  high 
a  price.  Their  plan  is  to  treat  sewage  with 
charcoal,  and  they  calculate  that  a  ton  of 
this  disinfecting  material  is  equal  to  the  ab- 
sorption of  at  least  two  tons  of  solid  sewage 
matter.  This  they  purpose  to  reduce  to 
powder,  packing  it  in  bags  for  conveyance 
or  storage.  Their  mode  of  treatment  is  just 
coming  into  operation  at  Bradford,  in  York- 
shire, where  the  sewage  of  150,000  inhabi- 
tants, amounting  to  more  than  5,000,000 
gallons  per  day,  including  the  waste  liquors 
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of  numerous  dyeworks  and  factories,  is  to 
be  filtered  tlirough  charcoal,  arranged  in 
several  rows  of  beds  700  ft.  long  and  4  ft. 
■wide,  each  particle  of  sewage  having  to 
pass  through  12  ft.  of  charcoal.  The  plan 
has  been  tried  at  the  workhouse  of  Stoke- 
upon-Trent,  where  the  flow  is  from  10,000 
to  20,000  gallons  per  day,  the  inmates  being 
650.  The  Stoke  filters  are  only  equal  to 
the  treatment  of  10,000  gallons  per  day,  and 
cannot  deal  efficiently  with  the  amount  of 
fluid  which  accrues  in  wet  weather.  The 
charcoal,  after  doing  its  work  in  the  filters, 
is  mixed  with  ashes,  and  carted  to  a  manure 
factory  at  Newcastle-under-Lyme.  It  is 
there  treated  with  a  mixture  of  sulphuric 
acid  and  ammonia  to  bring  it  up  to  a  stand- 
ard strength,  after  which  it  is  reduced  to 
powder  and  sold  at  £4  per  ton.  The  intro- 
duction of  ammonia,  by  which  a  specified 
strength  is  secured,  prevents  these  data 
from  being  used  as  a  clue  to  ascertaining 
the  fertilizing  properties  of  the  charcoal  as 
taken  from  the  filters.  The  Company,  how- 
ever, are  confident  of  success. 

Nuneaton,  in  North  "Warwickshire,  hav- 
ing been  placed  under  an  injunction  by  the 
Court  of  Chancery,  prohibiting  the  dis- 
charge of  ito  sewage  into  the  Anker,  has 
constructed  a  complete  system  of  sewage, 
and  has  availed  itself  of  the  patent  process 
of  Dr.  Anderson,  as  carried  out  by  the 
General  Sewage  and  Manure  Company. 
The  process  is  very  much  like  that  of  the 
A.  B.  C.  Company,  only  without  the  B.  and 
the  C.  An  aluminous  shale  is  treated  with 
sulphuric  acid,  so  as  to  produce  a  crude 
sulphate  of  alumina.  The  sewage  is  ad- 
mitted into  tanks,  and  the  sulphate  of 
alumina,  dissolved  in  water,  is  then  thrown 
in,  followed  by  a  little  slacked  lime.  Sul- 
phate of  lime  is  formed,  and  the  alumina  is 
set  free.  Precipitation  follows,  and  the 
water  being  run  off,  the  mud  is  discharged 
into  baskets  of  galvanized  iron  wire  lined 
with  flannel,  which  act  as  strainers.  .  As 
these  baskets  become  filled  with  mud 
they  are  lifted  by  means  of  cranes,  and 
the  deposit  is  thrown  on  to  a  floor  of 
sheet  iron  heated  from  beneath  by  hot 
air  from  a  small  furnace,  the  same  hot  air 
being  also  drawn  back  over  the  surface 
of  the  mud,  and  carried  into  the  flue  of 
the  engine  furnace,  with  a  view  to  prevent 
any  disagreeable  odor.  The  dried  mud 
forms  the  manure.  Dr.  Anderson  asserts 
that  at  Nuneaton  he  can  produce   a  ton  of 


manure  at  a  cost  of  15s.,  or  from  8  to  10 
tons  per  week  at  a  cost  of  £7,  including  every- 
thing. The  works  are  put  up  at  the  ex- 
pense of  the  local  Board  of  Health,  and  cost 
nearly  £5,000,  the  Sewage  Company  paying 
only  £10  a  year  rent.  The  population  is 
7,000,  and  the  average  daily  flow  of  sewage 
nearly  200,000  gallons.  There  are  scarcely 
any  water-closets  in  the  town,  but  factories, 
tanneries,  and  mills,  together  with  the 
house-washings,  make  a  tolerably  foul  sew- 
age. If  there  were  more  water-closets 
there  would  be  more  water,  and  the  sewage 
might  be  none  the  richer — a  fact  of  some 
consequence  in  relation  to  the  earth-closet 
system.  That  a  town  with  less  than  twenty 
water-closets  should  have  an  injunction 
against  discharging  its  sewage  into  the  ad- 
jacent river  is  rather  a  startling  fact.  But 
for  the  injunction,  Nuneaton  might  never 
have  been  sewered.  The  town  has  been 
sewered  in  order  to  bring  all  the  noxious 
fluids  to  one  point,  there  to  be  dealt  with  as 
may  be  thought  best.  In  order  to  secure 
the  purity  of  the  effluent  water,  the  Sewage 
Company  propose  taking  two  acres  of  land 
to  act  as  a  filter.  With  regard  to  the 
quality  of  the  manure,  the  material  at 
Nuneaton  is  said  to  show  a  value  of  £2  per 
ton,  according  to  chemical  analysis,  and  its 
agricultural  value  is  expected  to  be  higher. 
The  manure  is  calculated  to  contain  about 
20  per  cent,  of  foreign  matter  and  80  per 
cent,  sewage,  the  foreign  matter  being 
chiefly  sand  and  water.  In  the  A.  B.  O. 
manure  of  the  Native  Guano  Company  the 
sewage  matter  forms  about  one-half.  The 
manure  of  the  Phosphate  Sewage  Company 
— another  claimant  for  the  honors  of 
precipitation  — is  enriched  with  phosphates 
on  the  basis  of  sewage,  and,  therefore, 
commands  a  higher  value.  On  the  other 
hand,  General  Scott  proposes  to  burn  the 
organic  matter  of  sewage  as  so  much  fuel, 
to  aid  the  calcination  of  the  deposit,  which 
he  thereby  converts  into  Portland  cement. 
General  Scott  precipitates  the  suspended 
matters  by  adding  clay  and  lime  to  the 
sewage,  thereby  providing  a  portion  of  the 
materials  for  forming  the  cement.  Omitting 
the  first  outlay,  as  also  the  wear  and  tear 
of  plant,  General  Scott  calculates  on  a 
profit  of  £1  or  £1  5s.  per  1,000,000  gal- 
lons of  sewage.  At  this  rate  the  Nuneaton 
sewage  would  only  clear  about  30s.  per 
week,  as  compared  with  Dr.  Anderson's 
estimate    of    £9    to   £13.      How   far   the 
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General  Sewage    Company   may   be    able    seen.     In  either  case  the  effluent  water  is 
to  verify  this  latter  estimate,  remains  to  be    available  for  irrigation. 


ABTIFICAL  STONE* 

By  FREDERICK  RANS0ME,  A.T.C.E. 
From  "Engineering." 


The  progressive  development  of  the  na- 
tural world,  through  periods  which  occur- 
red long  before  the  dawn  of  the  most  re- 
mote traditions  of  antiquity,  have  placed  at 
the  disposal  of  man  materials  which  for  the 
most  part  eminently  subserve  the  varied 
purposes  of  construction  and  decoration. 
These  materials,  however,  such  as  the 
granites,  marbles,  sandstones,  limestones, 
etc.,  occur  in  isolated  groups,  in  some  in- 
stances so  remote  from  the  centres  of  civili- 
zation as  to  render  the  employment  of  them 
prohibitable  for  general  use,  excepting  in 
local  situations.  The  requirements  of  man, 
at  an  early  period  of  his  history,  demanded 
a  material  which  should  approximately  fulfil 
the  conditions  of  stone,  and  this  necessity 
was  in  the  earlier  ages  supplied  by  the 
manufacture  of  bricks,  concrete,"  etc.  The 
advantages  afforded  by  these  substances 
were  readily  recognized  by  the  ancients, 
and  have  been  fully  appreciated  in  modern 
times  ;  but  great  as  these  advantages  are  in 
a  constructive  point  of  view,  they  fall  very 
far  short  of  the  requirements  of  the  present 
age.  _ 

It  is  therefore  no  matter  for  surprise  that 
numerous  attempts  have  been  made,  from 
time  to  time,  to  supersede  the  productions 
of  nature  by  the  imitations  of  art,  and  ..the 
importance  of  producing  a  material  com- 
bining all  the  advantages,  without  having 
the  defects,  of  the  most  useful  building 
stones,  and  possibly  possessing  attributes 
peculiarly  and  specifically  its  own,  was  re- 
cognized many  years  since  by  the  author, 
who  set  himself  the  task  of  solving  the 
problem  of  manufacturing  an  artificial  stone 
which  should  economically  answer  the  varied 
purposes  of  the  productions  of  nature. 

His  investigations  into  the  nature  and 
properties  of  stone  commenced  nearly  80 
years  since,  and  he  found  that,  with  few 
exceptions,  the  hardest  and  most  durable 
stones  were  those  which  contained  the  lar- 
gest proportion  of  silica.     After  numerous 

*  A  paper  read  before  the  Mechanical  Section  of  the  British 
Association  at  Brighton,  20th  August.  1872. 


attempts  at  combining  crystals  of  sand  with 
powdered  glass  under  hydraulic  pressure, 
and  uniting  the  mass  by  partial  fusion; 
and  after  having  exhausted  the  combinations 
of  these  substances  with  the  various  ce- 
ments, it  occurred  to  the  author  to  substitute 
a  concentrated  solution  of  silicate  of  soda 
or  potash  for  the  other  cementing  materials 
he  had  previously  employed. 

This  solution  of  silicate  of  soda  or  potash 
being  mixed  with  sand,  and  pressed  into  a 
mould,  formed  when  dried  a  very  hard 
stone,  having  a  close  and  uniform  texture, 
but  which,  however,  disintegrated  upon 
being  exposed  to  moisture.  The  next  step 
was  to  submit  the  compound  to  the  action 
of  heat,  when  the  free  alkali  of  the  cement- 
ing silicate  combined  with  an  additional 
quantity  of  the  silex  of  the  sand,  and  pro- 
duced an  insoluble  silicate  unaffected  by 
moisture.  In  the  course  of  time,  however, 
the  efflorescence  of  a  salt  was  observed  to 
form  on  the  surface  of  the  stone  in  buildings 
where  it  had  been  used.  This,  for  the 
most  part,  proved  to  be  sulphate  of  soda 
which  existed  originally  in  the  soda  ash 
used  in  the  manufacture  of  the  silicate. 
This  objection  was  removed  by  treating  the 
solution  of  soda  with  caustic  baryta  before 
using  it  in  the  preparation  of  the  silicate. 

Such  in  general  were  the  results  the 
author  had  obtained  by  the  year  1859, 
when  he  had  the  honor  of  placing  them  in 
detail,  together  with  his  experience  in  the 
preservation  of  -stone  by  soluble  silicates, 
etc.,  before  the  Chemical  Section  of  the 
British  Association  at  Aberdeen.  At  the 
invitation  of  the  President  of  the  Mechani- 
cal Section  of  this  meeting,  he  again  ap- 
pears before  the  Association,  in  order  to 
place  before  its  members  a  description  of 
such  alterations  and  improvements  as  he 
has  introduced  in  the  process  of  manufac- 
ture since  his  previous  paper  was  read,  and 
which  have  led  to  its  increased  usefulness 
both  in  the  constructive  and  decorative 
arts. 

The  process  of  the  manufacture  of  the  so- 
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lution  of  silicate  of  soda  lias  been  so  fully 
and  frequently  described  in  various  scientific 
journals  that  the  author  considers  it  unne- 
cessary to  do  more  than  simply  allude  to  it 
here.  Ordinary  flint  stones  are  subjected 
to  the  action  of  a  strong  solution  of  caustic 
soda  in  cylindrical  boilers  or  digesters 
under  steam  pressure  of  from  60  lbs.  to  80 
lbs.  to  the  sq.  in.  Under  these  conditions 
the  flint  is  rapidly  dissolved  by  the  solution 
of  caustic  soda,  and  silicate  of  soda  in  solu- 
tion is  produced,  which,  after  being  dis- 
charged from  the  boiler,  is  concentrated  by 
evaporation  to  a  specific  gravity  of  1,700 
deg\,  and  contains  about  66  per  cent,  of 
.silicate,  83  per  cent,  of  soda. 

In  manufacturing  the  stone  the  silicate  is 
thoroughly  incorporated  with  clean,  dry  sand 
and  other  suitable  silicious  or  earthy  in- 
gredients, in  a  mixing  mill  specially  con- 
structed for  the  purpose,  when  the  com- 
pound assumes  a  stiff,  pasty  consistency,  is 
readily  pressed  into  moulds  of  any  required 
form  or  pattern,  and  is  capable  of  receiving 
and  retaining  the  most  delicate  impressions. 
If  now  the  mass  be  allowed  to  dry  gradu- 
ally at  an  ordinary  temperature,  it  will  be- 
come hard,  and  to  all  appearance  a  perfect 
sandstone;  but  inasmuch  as  the  several  par- 
ticles of  sand,  etc.,  are  combined  together 
by  a  soluble  silicate,  if  exposed  to  the  ac- 
tion of  water,  the  silicate  will  soon  become 
redissolved,  the  sand  and  other  ingredients 
will  be  set  free,  and  the  mass  entirely 
disintegrated. 

The  next  problem  to  determine  was  how 
to  convert  the  soluble  silicate  of  soda  into 
some  insoluble  silicate,  which  should  possess 
the  properties  requisite  for  the  formation  of 
a  good,  hard,  compact  and  durable  stone, 
without  the  action  of  fire  heat,  which  had 
been  found  so  inconvenient  and  expensive 
in  its  application  in  former  methods. 

In  the  year  1861,  in  consequence  of  the 
premature  decay  of  the  stone  of  the  Houses 
of  Parliament,  a  committee  was  appointed 
by  the  Government  to  examine  and  report 
on  the  causes  of  such  decay,  and  the  best 
means  of  preserving  the  stone  from  further 
injury.  The  author,  in  common  with 
others,  was  summoned  to  give  evidence  on 
the  subject,  having  for  some  years  previously 
been  engaged  in  working  a  process  patent- 
ed by  himself  for  preserving  stone  by  first 
saturating  it  with  a  solution  of  silicate  of 
soda,  and  afterwards  applying  a  solution  of 
chloride  of  calcium,  which  immediately 
decomposed  the  former,  and  produced  an 


insoluble  silicate  of  lime  in  the  stone  so 
operated  upon.  In  order  to  demonstrate 
conclusively  the  efficiency  of  such  applica- 
tion, he  proposed  to  reduce  a  piece  of  stone 
to  powder,  and  then  by  the  aid  of  these  two 
solutions  to  re-convert  the  powder  back 
into  a  solid  stone. 

The  experiment  was  tried,  and  the  result 
was  so  completely  successful  that  a  patent 
for  the  manufacture  of  artifical  stone  by  the 
employment  of  these  ingredients  was  at 
once  obtained,  and  arrangements  were  made 
for  carrying  out  the  same  upon  an  extended 
and  practical  scale.  In  doing  so,  the  mix- 
ture of  sand,  silicate,  etc.,  when  moulded 
as  previously  described,  was  immediately  re- 
moved to  benches  placed  over  open  tanks, 
or  immersed  therein,  and  completely  satu- 
rated with  a  solution  of  chloride  of  calcium. 
This  operation  in  cases  of  large  masses  is 
materially  assisted  and  accelerated  by  aid 
of  air-pumps,  etc.  Double  decomposition 
of  the  two  solutions  of  silicate  of  soda  and 
chloride  of  calcium  immediately  takes 
place,  resulting  in  the  production  of  an  in- 
soluble silicate  of  lime,  firmly  uniting  and 
enveloping  all  the  particles  of  which  the 
object  under  treatment  is  composed,  and  a 
solution  of  chloride  of  sodium  or  common 
salt,  which  is  subsequently  removed  by  the 
free  application  of  water. 

The  foregoing  is  a  brief  history  of  the 
material  manufactured  by  the  author  down 
to  the  year  1870,  when  he  developed 
another  process,  as  distinct  from  the  last 
described  as  that  is  from  the  process  ex- 
plained to  this  Association  in  1859. 

It  was  found  in  practice  that  the  process 
of  washing  so  as  completely  to  remove  all 
trace  of  the  chloride  of  sodium  from  large 
masses  of  the  stone  was  open  to  objection ; 
it  was  both  tedious  and  expensive,  espe- 
cially in  localities  where  there  was  a  diffi- 
culty in  obtaining  a  good  supply  of  toler- 
ably pure  water  at  a  reasonable  cost. 

The  author  then  conceived  the  idea  of 
obviating  this  washing  process  by  producing 
the  insoluble  silicate  of  lime  without  the 
formation  of  the  chloride  of  sodium  or  other 
soluble  salt,  which  would  require  subse- 
quent removal.  Step  by  step,  this  result 
has  at  length  been  arrived  at,  and  the  pro- 
cess of  manufacture  thereby  materially 
simplified,  the  cost  of  production  reduced, 
and  the  application  of  the  material  consider- 
ably extended.  Many  gentlemen  present 
will  doubtless  recollect  that,  some  years 
since,  a  silicious  mineral  was  discovered  at 
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tlie  base  of  the  chalk  hills  in  Surrey — 
especially  in  the  neighborhood  of  Farnham 
— possessing  some  very  peculiar  properties, 
amongst  others  that  of  being  readily  soluble 
in  a  solution  of  caustic  soda,  at  a  mode- 
rately low  temperature.  Taking  advantage 
of  this  peculiarity,  the  author  commenced  a 
series  of  experiments,  in  order  to  determine 
if  it  were  not  possible,  without  the  use  of 
chloride  of  calcium,  to  produce  a  stone  in 
all  respects  equal  in  quality  to  what  had 
hitherto  been  done,  and  in  this  he  has  now 
succeeded. 

By  this  latter  process  he  combines  a  por- 
tion of  the  Farnham  stone,  or  soluble  silica, 
with  a  solution  of  silicate  of  soda  or  potash, 
lime  (or  substances  containing  lime),  sand, 
alumina,  chalk,  or  other  convenient  and 
suitable  materials,  which,  when  intimately 
mixed,  are  moulded  into  the  required  form 
as  heretofore,  and  allowed  to  harden  gradu- 
ally, as  silicate  of  lime  is  formed  by  the 
combination  of  the  ingredients  present. 
The  mass  then  becomes  thoroughly  indu- 
rated and  converted  into  a  compact  stone, 
capable  of  sustaining  extraordinary  pres- 
sure, and  increasing  in  hardness  with  age. 

The  chemical  actions  which  affect  these 
results  appear  to  be  as  under.  When  the 
materials  are  mixed  together,  the  silicate 
of  soda  is  decomposed,  the  silicic  acid  being 
liberated  combines  with  the  lime,  and  forms 
a  compound  silicate  of  lime  and  alumina, 
while  a  portion  of  soda  in  a  caustic  condi- 
tion is  set  free.  This  caustic  soda  immedi- 
ately* seizes  upon  the  soluble  silica  (from 
Farnham),  which  constitutes  one  of  the  in- 
gredients, and  thus  forms  a  fresh  supply  of 
silicate  of  soda,  which  is  in  its  turn  decom- 
posed by  a  further  quantity  of  lime,  and 
so  on. 

If  each  decomposition  of  silicate  of  soda 
resulted  in  the  setting  free  of  the  whole  of 
the  caustic  soda,  these  decomposing  pro- 
cesses would  go  on  as  long  as  there  was  any 
soluble  silica  present  with  which  the 
caustic  soda  could  combine,  or  until  there 
ceased  to  be  any  uncombined  lime  to  decom- 
pose the  silicate  of  soda  produced,  the  ter- 
mination of  the  action  being  marked  by  the 
presence  in  the  pores  of  the  stone  of  the 
excess  of  caustic  soda  in  the  one  case,  or  of 
silicate  of  soda  in  the  other.  In  reality, 
however,  the  whole  of  the  caustic  soda  does 
not  appear  to  be  set  free  each  time  the 
silicate  of  soda  is  decomposed  by  the  lime, 
there  appearing  to  be  formed  a  compound 
silicate  of  lime  and  soda,    whereby  a  small 


portion  of  the  latter  is  fixed  at  each  decom- 
position. The  result  is  that  the  caustic  soda 
is  gradually  fixed,  and  none  remains  to  be 
removed  by  washing  or  the  other  process. 

Having  explained  the  manufacture  and 
chemical  composition  of  the  several  descrip- 
tions of  artifical  stone  herein  alluded  to,  it 
will  be  as  well  in  the  next  place  to  point 
out  some  of  the  varied  purposes  for  which 
they  are  peculiarly  adapted.  The  primary 
conditions  of  materials  for  construction  are 
unquestionably  strength  and  durability — 
those  of  a  secondary  nature  being  appear- 
ance, facility  of  application  to  the  intended 
purpose,  and  economy  in  use.  As  regards 
strength,  the  value  of  the  artifical  stone 
herein  described  increases  with  age.  By 
some  experiments  which  were  made  for 
the  purpose  of  testing  their  possession  of 
this  quality,  numerous  samples  were  proved, 
within  a  month  of  their  manufacture,  to  be 
superior  to  Portland  stone.  At  the  age  of 
10  weeks,  in  stones  made  by  the  last-de- 
scribed process,  the  strength  as  compared 
with  Portland  stone  was  found  to  be  as 
7,145  lbs.  to  2,630  lbs.  per  sq.  in.,  and  as 
compared  with  Bramley  Fall,  7,145  lbs.  to 
5,120  lbs. ;  and  as  regards  granite,  7,145  lbs. 
to  1,200  lbs.  per  sq.  in.  With  reference  to 
durability,  the  artificial  stone  has  been  found 
practically  to  withstand  the  atmospheric 
changes  of  various  climates,  having  been  ex- 
posed to  the  cold  of  Russia  and  the  heat  and 
rains  of  India.  In  general  appearance,  the 
stone  manufactured  by  these  processes  bears 
such  a  perfect  resemblance  to  the  best  de- 
scription of  natural  stones  as  to  mislead  the 
most  critical  observers,  whilst  the  facility  of 
application  and  its  economy  in  use  will 
have  been  apparent  from  the  foregoing  de- 
scription. 

By  means  of  the  last-mentioned  process, 
the  field  has  been  widely  extended  for  the 
application  of  the  stone  produced  thereby, 
and  which  for  convenience,  as  distinguishing 
it  from  all  others,  has  been  termed  Apoenite. 
It  is  now  no  difficult  task  to  produce  blocks 
of  this  material  of  any  form  and  of  any  size, 
the  only  limit  being  the  means  available  for 
handling  them  upon  the  spot  where  they 
are  to  be  employed.  Moreover,  the  materi- 
als which  form  the  bulk  of  apoenite  are,  as 
a  rule,  generally  to  be  found  in  abundance 
where  hydraulic  or  other  important  works 
are  being  carried  on,  and  for  which  pur- 
poses the  new  stone  is  eminently  suited. 

The  want  of  such  a  material  for  such  a 
purpose  has  long  been  felt,    although  that 
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want,  until  recently,  has  only  been  par- 
tially supplied.  In  1870  Mr.  J.  W.  Butler 
applied  for  and  obtained  a  patent  for  im- 
provements in  tbe  application  of  Concrete 
to  Structures  and  Foundations,  also  to 
Coffer-dams  and  similar  constructions.  Mr. 
Butler's  obvious  desire  was  in  tbe  first  place 
to  provide  a  cheap  and  efficient  substitute 
for  stone  for  hydraulic  operations,  and  in 
the  second  to  render  unnecessary  the  con- 
struction of  false  works,  etc.,  and  thus  to 
avoid  the  expense  connected  with  the  em- 
ployment of  iron  cylinders,  hitherto  so  ex- 
tensively used.  The  idea  was  certainly  an 
excellent  one,  but  its  realization  appeared 
to  Mr.  Butler  very  remote,  until  it  occurred 
to  him  that  the  material  then  introduced 
under  the  name  of  "  Apcenite  "  would  an- 
swer the  purposes  of  his  proposed  methods 
of  construction.  He  accordingly  communi- 
cated with  the  author  upon  the  subject ;  and 
with  the  sanction  of  the  engineer,  a  set  of 
hollow  cylinders  8  ft.  in  diameter  and  9  in. 
thick  were  made  to  form  a  part  of  a  retain- 
ing wall  to  protect  the  foreshore  of  the 
Thames  at  Hermitage  Wharf,  where  they 
were  accordingly  sunk,  and  the  result  was 
satisfactory. 

In  one  arrangement  proposed  for  eco- 
nomically carrying  out  this  class  of  work  a 
timber  staging  is  erected,  upon  which  the 
materials  may  be  mixed  and  moulded,  the 
moulds  consisting  of  an  inner  and  outer 
framing,  the  space  between  the  two  forming 
the  mould  for  each  ring  of  a  cylinder  or 
hollow  block,  as  the  case  may  be.  The 
courses  are  joined  by  means  of  a  cement 
formed  of  similar  materials  to  that  of 
which  the  rings  or  blocks  are  composed. 
These  are  lifted  from  the  staging  on 
which  they  have  been  made,  and  lowered 
into  position  by  an  overhead  traveller 
or  crane,  as  may  be  most  convenient. 
The  loweet  course  is  chamfered,  anl  when 
necessary  from  the  nature  of  the  soil, 
may  be  shod  with  iron.  The  operation  of 
sinking  is  carried  out  generally  in  a  pre- 
cisely similar  manner  to  that  adopted  with 
iron  cylinders.  The  horizontal  joints  are 
made  with  alternate  projections  and  depres- 
sions, and  the  several  courses  are  connected 
vertically  by  dowel  piles,  which  also  serve 
as  guides  in  sinking  the  work.  The  appli- 
cation of  this  principle  is  capable  of  modifi- 
cation to  suit  almost  every  variety  of  construc- 
tion, and  it  will  be  found  especially  applica- 
ble in  structures  requiring  heavy  foundations, 
particularly  where  the  ground  is  uncertain. 


For  forming  a  face-wall  in  building 
quays  or  docks,  instead  of  cylinders,  rec- 
tangular hollow  blocks  or  caissons  may  be 
used.  By  employing  hollow  blocks  of 
hexagonal  form  no  interstices  are  left,  a 
thin  layer  of  the  cemeting  material  render- 
ing the  structure  practically  homogeneous. 
Cylinders  constructed  upon  this  principle 
are  also  adapted  for  deep  wells,  apertures 
being  formed,  in  the  sides  for  the  admission 
of  water. 

Turning  to  works  of  greater  magnitude, 
it  will  be  seen  that  apcenite  forms  a  suitable 
substance  for  the  construction  of  bridges, 
sea-walls,  piers,  and  similar  undertakings. 
Such  structures  could  be  carried  up  to  the 
underside  of  the  bridge  girders,  or  built 
with  ordinary  masonry  above  high-water 
level.  For  sea-walls  or  piers  another  ar- 
rangement could  be  adopted,  two  rows  of 
caissons  being  employed,  separated  from 
each  other  longitudinally,  the  intermediate 
space  being  filled  in  with  dry  rubble  heart- 
ing, and  the  blocks  themselves  with  a  similar 
material,  or  if  necessary  with  concrete. 

In  the  case  of  an  embankment  for  a 
reservoir,  the  heart  of  the  bank,  which  is 
usually  made  with  a  puddle  wall,  is  proposed 
to  be  substituted  by  two  rows  of  cylnders,  the 
contained  spaces  being  filled  in  with  puddle, 
and  the  cylinders  themselves  with  material 
similar  to  that  of  which  the  bank  is  made.  In 
sinking  the  cylinders,  they  would  be  carried 
some  distance  below  the  natural  surface, 
so  as  to  obviate  any  chance  of  leakage 
below. 

Should  a  leak  occur  above,  it  could  be 
only  to  a  very  small  extent,  as  it  would  be 
prevented  from  extending  by  the  proposed 
structural  arrangement.  It  is  obvious  that 
this  plan  could  without  much  difficulty  be 
applied  to  embankments  already  constructed 
where  there  was  reason  to  apprehend  that 
any  settlement  had  occurred.  By  sinking 
the  cylinders  from  the  top  through  the 
puddle  bank,  but  without  removing  any  of 
the  slope  on  either  side,  they  would  be 
carried  down  to  sound  ground,  rendering 
the  embankment  safe,  and  removing  all 
fear  of  danger  in  the  future. 

It  would  not  be  difficult  to  multiply  the 
instances  in  which  this  material  can  be 
practically  applied  ;  but  sufficient  has  been 
said  on  this  point.  An  artificial  stone  com- 
bining the  advantages  of  apcenite — one, 
moreover,  which  can  be  so  readily  moulded 
into  any  form  and  size  with  but  small  ex- 
pense and  little  or  no  delay,   is  necessarily 
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applicable  to  a  great  variety  of  uses.  The 
author  will,  therefore,  only  briefly  remark 
upon  its  applicability  for  ornamental  and 
decorative  purposes. 

Besides  possessing  the  several  properties 
which  have  been  described,  the  apcenite, 
when  prepared  with  suitable  materials,  is 
capable  of  receiving  the  most  delicate  im- 
pressions, and  by  the  incorporation  of 
various  metallic  oxides,  any  variety  of  color 
can  be  imparted  to  it. 

By  the  use  of  the  native  red  oxide  of 
iron,  manganese,    and  other  mineral  sub- 


stances, artificial  marbles  or  granite  of  al- 
most every  description  can  be  produced. 
These  artificial  stones,  like  their  originals, 
are  capable  of  taking  an  excellent  polish,  are 
extremely  hard,  and  can  be  readily  moulded 
into  the  most  elaborate  forms,  at  a  very 
small  cost. 

In  conclusion,  the  author  submits  that,  both 
constructively  and  ornamentally,  apcenite 
is  eminently  fitted  to  meet  the  numerous 
requirements  of  the  engineer  and  architect, 
and  to  subserve  many  useful  and  important 
purposes  in  the  industrial  arts. 


ADVANTAGES  OF  STEAM  ROLLING  FOR  THE  REPAIR  OF  ROADS- 


From    "  The  Builder. 


The  following  is  from  the  report  of  the 
Chief  Surveyor  to  the  Board  for  the  Bor- 
ough of  Hackney,  England,  on  steam  roll- 
ing :— 

The  process  of  repair,  as  compared  with 
the  old  system,  involves  the  lifting  of  the 
top  surface  of  the  road,  so  as  first  to  put 
the  road  into  form.  It  is  then  covered 
with  broken  granite,  averaging  in  the  cases 
named  from  1J  in.  up  to  6  in.  in  depth. 
After  one  or  two  turns  of  the  steam  roller, 
the  material  is  covered  with  fine  gravel  or 
granite  siftings  ;  the  road  is  then  watered 
and  the  sand  swept  in.  The  water  cart 
thereafter  continues  to  precede  the  roller, 
until  the  mass  of  material  is  sufficiently 
consolidated 

The  results  of  this  mode  of  repairing 
roads  are :  First,  their  immediate  fitness 
for  use,  presenting  a  uniform  and  firm  foot- 
hold for  horses,  and  a  smooth  surface  for 
vehicular  traffic.  The  difference  in  driving 
over  a  road  thus  repaired,  as  compared 
with  the  old  system,  can  be  both  seen  and 
felt. 

The  general  condition  of  the  road  sur- 
face thus  repaired,  when  it  begins  to  wear, 
exhibits  a  close  series  of  small  hollow 
places  on  the  portions  subjected  to  the 
greatest  wear  from  the  traffic  stream ; 
whereas,  the  surface  of  roads  repaired  in 
the  ordinary  way,  presents  large  hollow 
places  which  occur  at  very  irregular  dis- 
tances. It  is,  however,  possible  for  a  road 
repaired  by  means  of  the  roller  to  wear  in 
like  manner,  by  a  careless  formation  of  the 
road,  or  spreading  of  the  materials,  or 
both. 

The  second  important  result,   as  arising 


from  the  use  of  the  steam  roller,  is  that  of 
the  economy  of  the  materials  used  in  the 
repair,  and  also  the  labor  expended  on  the 
road. 

Under  the  ordinary  system,  the  granite 
is  left  loose  on  the  road  surface  until 
pressed  and  bound  down  by  the  traffic ; 
but  long  before  the  materials  get  fixed  in 
place,  the  angles  are  rounded  off,  and  a 
considerable  portion  of  the  stone  is  ground 
away.  The  vehicles  also  displace  the  loose 
material  and  form  ruts  in  the  chief  line  of 
traffic,  so  that  it  becomes  exceedingly  diffi- 
cult to  keep  the  road  in  proper  form,  and 
the  road  quickly  becomes  as  defective  as 
before. 

In  excavating  for  the  purpose  of  con- 
structing the  North  Metropolitan  Tram- 
way, the  section  of  the  road  crust  is  ex- 
posed on  each  side,  and  several  sample 
stones  were  obtained  from  the  under  or  lower 
section  (which  formed  the  road  before  the 
repairs  were  carried  out  by  the  aid  of  the 
steam  roller). 

An  examination  of  these  will  show,  in 
some  cases  one,  others  two,  or  even  three 
distinct  worn  traffic  faces,  showing  that  the 
stones  were  several  times  shifted  from  their 
bed  before  being  finally  fixed.  The  sam- 
ple surface  stones  were  carefully  removed 
from  the  top  edge  of  the  road  crust  that 
had  been  repaired  in  the  ordinary  way, 
and  as  left  by  the  excavation  for  the  trams. 
Their  condition  proves  the  rough  and  vio- 
lent action  to  which  they  had  been  subject- 
ed before  settling  down  in  their  places.  At 
the  same  time  surface  stones  were  ob- 
tained that  had  been  fixed  in  their  respec- 
tive positions  by  the  action   of  the  steam 
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roller.  The  portions  rubbed  and  abraded 
by  the  traffic  can  easily  be  detected ;  all 
the  other  parts  of  each  stone  have  their 
angles  and  rough  faces  preserved  intact, 
and  had  left  their  exact  impress  in  the  beds 
from  which  they  -were  taken. 

Certain  narrow  parts  of  the  rolled  road, 
which  formerly  required  three  dressings  of 
new  material  in  a  given  time,  now  require 
but  one  only. 

From  observations  carefully  taken,  it  ap- 
pears that  in  64^  days  and  28  nights  the 
steam  roller  finished  671,216  superficial 
yards  of  roadway,  at  an  outlay  of  £493  18s. 
lOd.  (about  l|d.  per  yard),  while  the  cost 
of  materials  and  other  labor  for  which  this 
expenditure  was  incurred  amounted  in  the 
aggregate  to  £4,802  4s.  2d.,  or  Is.  5d.  per 
yard. 

The  cost  per  yard  super  varies  from  Is. 
l|d.  to  Is.  lO^cl.,  and  for  rolling  from  1.57 
farthing — say  1|  farthing — to  2|,d.  .37.  It 
would  seem  that  the  roller  can  be  worked 
at  less  cost  per  yard  on  the  wider  roads, 
although  both  in  wide  and  narrow  roads 
the  cost  will  increase  in  proportion  to  the 
thickness  of  new  materials  used. 

The  cost  per  day,  on  hire,  has  varied,  for 
the  parish  of  Islington,  from  £3  10s.  lOd. 
to  £4  10s.  6d.,  including  all  working  ex- 
penses, water  carts,  water,  watering,  fuel, 
etc.  The  steam  roller  is  now  their  own 
property,  and  is  worked  for  about  £1  12s. 
per  day,  exclusive  of  watching  and  water ;  or 
about  £2  10s.  per  day,  as  against  £4  10s.  6d. 
At  S.  George's,  Hanover  square,  the  ex- 
penses of  working  the  roller  are  stated  at 
£1  lis.  8d.  per  day,  and  the  Surveyor  fur- 
ther states  that  the  sum  provides  for  water 
carts,  two  men,  and  fuel,  and  that  he  finds 
the  roller  invaluable,  as  it  will  immediately 
consolidate  1,000  superficial  yards  of  new- 
coated  granite  roads  per  day.  He  further 
states  his  firm  belief  that  economy  in  road 
maintenance  will  be  effected  by  its  use,  and 
that  public  opinion  would  prevent  its  dis- 
continuance. 

The  Board  of  Works  for  the  Poplar  Dis- 
trict has  had  Aveling  &  Porter's  steam 
roller  on  hire,  and  the  Surveyor  has  kindly 
furnished  the  particulars  of  the  cost  of  each 
road  rolled  during  a  period  of  88  days. 

On  computation,  the  aggregate  given  in 
the  first  list  is  15,146  yards  super  rolled  in 
17  days,  at  an  outlay  of  £46  19s.  Id.,  or 
2.98  farthings — say  3  farthings  per  yard= 
£2  3s.  6d.  per  day,  while  the  repairs  cost 
£716  19s.  4d.,  equal  to  ll^d.  per  yard. 


The  second  list  gives  45,699  yards  during 
71  days,  at  an  outlay  of  £2,747  lis.  2d.  for 
repairs,  or  half  ^.61  per  yard,  and  £183 
10s.  Id. — 3.98 — say  Id.  per  yard  super  = 
£2  lis.  6-ld.  per  day. 

The  process  of  working,  however,  differs 
in  some  of  the  roads  in  Poplar  from  that  of 
Islington.  In  lieu  of  the  covering  of  sand, 
washed  in  by  the  water  cart,  a  thin  layer 
of  road  sweepings  is  spread  over  the  road, 
and  the  new  granite  laid  thereon.  The  ex- 
treme weight  of  the  roller  presses  the  stone 
into  the  soft  bed  ;  and,  if  found  necessary, 
a  little  water  is  added,  and  the  softening  is 
then  worked  up  to  near  the  surface  of  the 
road  in  the  process  of  rolling. 

Of  course,  this  is  much  cheaper  as  a 
first  outlay,  but  having  inspected  both  tho 
Islington  and  Poplar  roads,  it  is  suggested 
that  the  soft  bed  may  continue  for  some 
time  to  exude  through  the  joints  of  the 
stones  under  the  traffic,  and  keep  the  road, 
in  damp  weather,  in  a  dirty  state.  This 
may  occur  even  with  an  appearance  of 
soundness,  and  if  this  theory  be  correct, 
this  system  will  tend  to  weaken  the  road  ; 
but,  on  the  other  hand,  the  stones  may,  by 
the  rising  of  the  soft  bed,  be  brought  into 
close  contact,  because  of  the  fineness  of  the 
particles.  It  could  be  easily  tested,  by  re- 
pairing in  the  two  modes  a  length  under 
each  system,  in  one  line  of  thoroughfare. 
The  saving  is  considerable,  if  effective,  and. 
is,  therefore,  worth  the  experiment. 

New  rollers  are  required  about  twice  in. 
a  year,  and  other  parts  of  the  apparatus 
require  renewal  in  from  five  to  seven  years, 
and  its  first  cost  is  £550.  The  roller  is  ca- 
pable of  rolling  on  the  average  700  or  800 
yards  per  day. 

The  horse  roller  at  work  in  this  district 
costs  £1  4s.  per  day,  and  as  a  question  of 
comparison  between  the  horse  and  steam 
roller,  I  am  of  opinion  that  a  steam  roller 
will  do  more  good  in  three  turns  over  the 
road,  than  the  horse  roller  will  do  in 
twelve. 


The  first  coal  ever  mined  in  the  United 
States  was  dug  near  Richmond,  Ya. 
Bituminous  coal  was  mined  there  as  early 
as  1700,  and  in  1775  was  extensively  used 
in  the  vicinity.  During  the  Revolution  a 
Richmond  foundry  employed  this  coal  in 
making  shot  and  shell  for  the  use  of  the 
Continental  forces. 
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PORTABLE  ENGINES 


From   "The  Engineer." 


The  portable  engine  trials  of  this  year 
at  Cardiff  are  looked  forward  to  with  no 
small  anxiety  by  the  whole  community  of 
agricultural  engineers.  Firms  which  have 
always  taken  high  places  must  be  prepared 
not  only  to  encounter  keen  rivalry  among 
themselves,  but  to  do  battle  with  some  out- 
sider who  may  blow  all  their  fond  anticipa- 
tions of  a  new  triumph  to  the  winds.  The 
chances  are  all  in  favor  of  the  older  firms, 
however,  and  it  is  worth  while  to  explain 
why. 

The  construction  of  a  portable  engine 
which  shall  run  for  even  three  and  a-half 
hours  on  the  brake,  with  an  allowance  of 
14  lbs.  of  coal  per  actually  effective  horse- 
power, is  by  no  means  an  easy  task.  To 
make  an  engine  which  will  under  the  same 
conditions  run  for  four  hours  and  a-half  is 
a  work  of  really  enormous  difficulty.  It 
can  only  be  solved  and  we  have  no  hesita- 
tion in  saying  this,  by  those  who  have  de- 
voted a  lifetime  and  a  fortune  to  the  work. 
The  theorist  is  utterly  at  a  loss  here.  He 
may  be  perfectly  right  in  his  reasoning. 
The  accuracy  of  every  law  upon  which  he 
acts  may  admit  of  the  clearest  definition, 
but  without  enormous  experience  he  is 
certain  to  fail  in  reducing  these  laws  to 
practice,  and  in  combining  them  in  one 
harmonious  whole.  For  example,  we  have 
again  and  again  seen  portable  engines  fitted 
with  cylinders  perfectly  jacketed'  all  over, 
expansion  slides,  excellent  boilers  fed  with 
water  at  212  deg.,  friction  reduced  to  a 
minimum,  and,  in  one  word,  every  resource 
that  science  can  suggest  employed  to  secure 
a  successful  result,  and  yet  not  more  than 
a  three  hours,  or  three  and  a-quarter  hours 
run  could  be  got  out  of  them.  Ask  the 
theorists  why  ?  and  he  is  at  a  dead  loss.  All 
the  conditions  he  can  dictate  have  been  com- 
plied with,  and  yet,  in  "such  a  contest  as 
that  impending  at  Cardiff,  his  engine  would 
be  nowhere.  Ask  the  practical  builder  of 
racing  engines  the  same  question,  and  he 
replies  at  once  that  "the  engine  is  wrong- 
all  over,"  "  that  there  is  no  part  in  her 
right;"  and  that  he  is  correct  in  his  state- 
ment he  proves  by  bringing  to  the  brake 
an  engine  externally  the  same,  possibly  by 
no  means  so  fully  complying  with  the  dic- 
tum of  the  theorist,  and  with  this  engine  he 
distances    all   competitors,    and   runs   four 


hours  and  a-half  or  even  more.  Those  who 
fancy  that  we  can  explain  on  what  success 
depends  in  constructing  a  racer,  will,  we 
fear,  be  disappointed  if  our  explanation  is  to- 
include  a  dissertation  on  proportions  and 
dimensions,  and  cut-off  valves,  and  pistons, 
and  boilers.  The  art  of  constructing  racers 
is  an  art  not  written,  and  impossible  to- 
write.  But  we  can  explain  the  nature  of 
the  process  by  which  a  racer  is  constructed, 
and  the  means  adopted  in  securing  a  suc- 
cessful result  when  once  the  design  has 
been  prepared  and  the  engine  constructed. 

It  is  of  course  known  long  beforehand 
that  a  portable  engine  competition  is  to  take 
place.  The  general  conditions  of  the  trial 
are  also  known  very  early.  These  condi- 
tions are  prepared  with  the  utmost  regard 
for  the  interests  of  those  who  are  the  prin- 
cipal purchasers  and  users  of  portable  en- 
gines. The  moment  the  conditions  are 
made  public  the  intending  competitor  com- 
mences to  prepare  a  design — or,  it  may  be, 
to  modify  a  design  already  prepared  so  as 
to  make  it  comply  with  the  conditions.  Thus 
a  good  10-horse  design  might  be  ready 
which  will  not  suit  without  alteration  if  the 
competitor  be  limited  to  engines  of  8-horse 
power.  In  preparing  this  design  the  com- 
petitor who  really  knows  what  he  is  about 
is  guided  almost  entirely  by  experience.  If 
he  introduces  any  novel  device,  he  takes 
care  so  to  introduce  it  that  it  can  be  dis- 
carded, if  need  be,  in  favor  of  some  other 
expedient  to  secure  the  same  end  already 
well  known  and  fully  tried.  As  for  the 
teachings  of  theoretical  science,  they  are 
but  little  studied.  A  jacketed  cylinder  is 
used  as  a  matter  of  course ;  but  science 
teaches  nothing  as  to  how  the  jaeket  is  to 
be  made,  or  what  the  thickness  of  the  cylin- 
der inside  should  be.  The  steam  is  used  ex- 
pansively, of  course.  Theory  says,  expand 
as  much  as  possible,  but  practice  tells  a 
very  different  story  ;  so  the  grade  of  expan- 
sion is  always  made  adjustable  in  the  first 
instance. 

In  designing  the  boiler  the  same  prin- 
ciple is  adopted.  Theory  says  that  the 
largest  possible  heating  surfaee  and  slow 
combustion  should  be  adopted ;  but  practice 
has  proved  that  there  is  a  certain  rate  of 
combustion  best  for  each  boiler,  which  can 
only  be   determined  by  experiment,  and  fa> 
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which  theory  gives  no  clue  whatever,  so  the 
grate  is  always  made  large  enough  to  ad- 
mit of  adjustment. 

At  last  engine  and  boiler  are  complete —  j 
say,  if  all  goes  well,  about  December.     The  ■ 
engine  is  then  taken  to  a  special  shed,  and 
set  to  run  on  a  brake   as  precisely  similar  i 
as  possible  to  the  brake  used  by  the  Agri-  j 
cultural  Society.     She  is  then  run  for  some 
days  without  thought  of  the  duty,  just  to 
get  everything  down  to  its  bearings,  and  to 
see  that  all  works  smoothly  without  heating 
or  discomfort.     Then  commences  a  series  of 
trials  usually  extending  over  months,   dur- 
ing which  a  host  of  experiments  are  carried 
out  to  determine  the   best  speed,  the  best 
point  of  cut-off,  area  of  grate,  calorimeter 
of  tubes,  etc.     The  labor  involved  in  these 
tests   must  be  experienced  to  be  credited. 
They  demand  all  the  patience  as  well  as 
skill  that  a  man  can  display.     One  week  it 
is  found  that  the  engine  does  very  well — 
an  apparently  insignificant  change  is  made 


in  a  minute  detail,  and  the  engine  does 
much  better.  The  alteration  is  pushed  a 
little  further,  and  all  the  good  that  was  done 
by  the  first  change  is  undone  by  the  second. 
So  the  work  goes  on  with  varying  success, 
until  at  last  a  point  is  reached  beyond  which 
it  is  found  to  be  impossible  to  go.  A  racing 
portable  engine  of  the  first  class  is,  what- 
ever a  few  carping  critics  may  say,  one  of 
the  most  perfect  embodiments  of  mechani- 
cal genius  and  skill  in  the  world. 

The  manufacture  of  portable  engines 
constitutes  an  enormous  trade  in  this  coun- 
try. English  portable  engines  are  sent  to 
every  portion  of  the  known  world.  There 
is  not  in  existence  a  more  enterprising  body 
of  men  than  the  agricultural  engineers  of 
Great  Britain.  Our  readers  may  rest  satis- 
fied that  the  leading  firms  have  discovered 
very  excellent  reasons  for  the  proportions 
they  have  adopted,  the  speeds  at  which  their 
engines  run,  and  the  pressures  to  which 
they  load  their  boilers. 


ROLLING  vs.  HAMMERING  INGOTS.' 

From  the  "Railway  Times."' 


In  order  to  put  sufficient  icork  on  steam 
ingots  for  rails,  they  must  be  reduced  from 
about  12  in.  sq.  As  this  cannot  be  done  at 
one  heat,  they  are  first  drawn  down  to 
about  7  in.  sq.,  and  then  reheated  and 
rolled  into  rails.  The  first  reduction  or 
*!  blooming"  is  usually  done  in  this  country 
in  a  30  in.  3-high  rolling  mill,  with  movable 
rolls,  so  as  to  get  several  reductions  in  each 
set  of  grooves.  The  first  of  these  mills  has 
been  running  at  the  Troy  Steel  Works 
above  a  year,  with  great  success.  Another 
at  the  Cambria  Iron  Works  has  been  run- 
ning about  six  months  and  has  produced 
140  tons  of  rail  blooms  from  12  in.  ingots 
in  24  hours.  The  mill  was  not  then  fully 
employed,  the  limit  of  capacity  being  a 
single  Siemens  heating  furnace. 

The  practice  is  now  being  introduced  of 
rolling  long  12x14  in.  ingots,  instead  of 
short  12x12  in.  ingots,  thus  producing  three 
rail  blooms  at  one  rolling  instead  of  two, 
and  saving  largely  in  labor  and  fag  ends. 
As  the  handling  of  the  piece  at  the  rolls, 
and  indeed  its  charging  and  discharging  at 
-the  furnaces,  are  performed  by  steam  power, 
the  large  ingot  requires  no  more  men  than 

*  From  a  paper  read  before  the  American  Institute  of  Min- 
ing Engineers,  February,  1S72,  by  A.  L.  Holley,  Esq. 


the  small  one.  The  capacity  of  a  blooming 
mill,  rolling  3-rail  ingots,  may  be  safely 
put  at  200  tons  per  day. 

In  England,  and  also  at  the  Pennsyl- 
vania Steel  Works  at  Harrisburg,  the  rail 
ingots  are  reduced  to  blooms  by  hammering, 
usually  10  to  15  ton  hammers.  The  13 
ton  hammer  at  Harrisburg  is  a  first  class 
tool,  and  the  practice  with  it  is  usually 
good.  Its  maximum  production  is  about 
75  tons  of  blooms  per  day,  or  much  less 
than  half  that  of  a  rolling  mill  which  cost, 
with  its  engine,  about  the  same  money.  A 
smaller  number  of  men  and  less  skilled  and 
high  priced  men  are  employed  at  the  rolling 
mill.  By  the  use  of  Mr.  Fritz's  feeding 
tables  the  labor  at  the  rolls  is  reduced  to 
little  more  than  directing  the  operations  of 
the  machinery. 

Three-rail  ingots  cannot  be  advantage- 
ously hammered  under  a  hammer. 

The  impression  has  heretofore  existed 
among  railway  men  that  the  quality  of 
what  they  call  hammered  rails  is  superior 
to  that  of  rolled  rails.  The  use  of  rails 
has  not  developed  this  impression  so  far  as 
can  be  ascertained.  The  impression  is  not 
founded  on  the  fact  that  iron  is  improved 
by  hammering,  and  that  the  highest  priced 


ROLLING   VS.    HAMMERING   INGOTS. 


475 


steel — such  as  tool  steel — is  hammered 
rather  than  rolled. 

It  is  true  that  the  pressure  of  the  ham- 
mer is  greater  and  more  concentrated  than 
that  of  the  light  rolls  usuallg  employed,  and 
that  the  hammer  may  expel  more  cinder 
in  early  stages  of  iron  manufacture.  The 
real  reason  why  the  hammer  is  used  in  iron 
mills,  however,  is  because  it  will  work  large 
and  hard  puddle  balls  and  piles  for  which 
there  is  no  adequate  rolling  machinery  at 
hand.  That  rolls  are  preferred  to  ham- 
mers, even  for  iron,  in  the  most  improved 
practice,  is  shown  by  the  introduction  of 
very  heavy  squeezers  instead  of  hammers, 
for  reducing  the  large  puddle  balls  of  the 
Danks  furnace. 

The  hammer  certainly  increases  the  den- 
sity of  the  iron  or  steel  bar,  as  compared 
with  rolling.  The  rolls  crowd  the  fibres 
back,  as  well  as  towards  the  centre  ;  the 
action  of  the  hammer  is  exclusively  towards 
the  centre.  This  is  conspicuously  shown  in 
treating  large  ingots.  The  velocity  of  the 
hammer  is  greater  than  that  of  the  per- 
iphery of  the  roil ;  hence  the  effect  of  its  im- 
pact is  greater  on  the  surface  of  the  ingot, 
while  that  of  the  rolls  is  more  distributed 
throughout  the  thickness  of  the  ingot.  It 
would  therefore  be  supposed  that  the  ham- 
mer would  draw  the  surface  of  the  ingot  so 
much  as  to  leave  concavities  in  the  ends. 
The  rolled  bloom  is  cup-ended,  although  it 
is  more  uniformly  condemned  than  the 
hammered  bloom.  The  result  of  this  must 
he,  and  the  fact  is,  that  the  rolled  ingot  is 
less  dense ;  it  weighs  less  per  cubic  inch, 
but  at  the  same  time  it  is  more  uniform  in 
structure.  Now  this  density  does  not  pro- 
mote toughness  in  steel,  whatever  it  may  do 
in  iron,  while  uniformity  does  promote 
toughness,  and  this  is  the  quality  to  be 
most  carefully  looked  after  in  the  steel  rail 
manufacture.  Nearly  all  steel  rails  are 
hard  enough  for  wearing  purposes,  and 
their  hardness  can  be  increased  by  chemical 
means,  and  with  the  greatest  uniformity 
and  convenience — indeed  the  trouble  is  to 
sufficiently  keep  down  phosphorus,  silicon, 
and  other  hardening  agents. 

It  is  stated  that  the  carbon  in  hammered 
steel  is  chemically  combined,  while  that  in 
rolled  steel  is  graphitic.  If  this  is  the  fact 
in  regard  to  rails,  it  is  a  strong  argument 
in  favor  of  rolling.  As  we  have  just  ob- 
served, steel-makers  with  the  irons  they 
have  find  difficulty  enough  in  making  their 
rails  mild   and  tough,  without  being  sub- 


jected to  the  additional  embarrassment  of 
chemically  combined  carbon.  It  is  well 
known  that  the  tool-maker's  process  of 
hardening  is  simply  combining  the  carbon, 
while  annealing — that  safety  process  to 
which  boiler  plates  and  forgings  are  sub- 
jected to  give  them  toughness,  consists  in 
simply  rendering  this  carbon  graphitic — 
the  same  thing  that  rolling  is  said  to  do. 

But,  in  fact,  rail-makers  are  not  embar- 
rassed by  the  hardening  process  imputed  to 
hammering,  because  there  is  no  such  thing 
as  a  hammered  rail,  or  as  a  structural  con- 
dition of  rail  due  to  hammering.  "Whatever 
the  condition  of  carbon  in  a  hammered 
bloom,  it  is  graphitic  in  the  rolled  rail. 
The  reheating  of  the  bloom,  and  its  subse- 
quent treatment  by  rolling  alone,  probably 
leave  the  physical  condi.ion  of  the  steel 
substantially  the  same  as  if  it  had  been 
rolled  rather  than  hammered  before  reheat- 
ing— excepting  only  the  condition  before 
mentioned,  due  to  the  character  of  the 
pressure — the  rolled  steel  is  less  dense,  and 
is  more  uniform.  This  uniformity  is  further 
increased  by  the  fact  that  the  temperature 
of  a  rolled  ingot  is  practically  the  same  at 
each  pass,  while  the  hammered  ingot  is  re- 
duced at  varying  temperatures. 

A  very  large  number  of  experiments 
have  been  made  at  Troy  and  Johnstown, 
on  rolled  and  hammered  ingots  from  the 
same  steel,  and  although  the  results  con- 
firm the  above  reasoning,  rather  than  con- 
tradict it,  the  difference  in  the  quality  of 
the  rails  is  not  very  marked.  In  fact,  a 
large  number  of  rails  rolled  direct  from 
9  in.  ingots  are  wearing  as  well,  so  far  (three 
years),  as  rails  made  from  either  hammered 
or  rolled  12  in.  ingots.  In  making  com- 
plete tests — tests  to  destruction — it  is  unne- 
cessary to  say  that  the  size  of  the  ingots 
experimented  on  by  the  hammer  and  the 
rolls  should  be  the  same.  A  test  in  which 
rolled  9  in.  ingots  are  compared  with  ham- 
mered 12  in.  ingots  has  no  value. 

The  use  of  hammers  or  rolls  for  bloom- 
ing seems  to  resolve  itself,  then,  into  a 
question  of  cost  of  product,  as  it  has  been 
impossible  to  establish,  so  far,  any  marked 
difference  in  quality — certainly  none  in 
favor  of  hammering. 

AVe  have  shown  that  the  rolling  mill  has 
over  twice  the  capacity  for  a  given  cost,  and 
that  it  employs  less  labor.  Another  ad- 
vantage of  the  rolls  is,  that  their  collars 
hold  up  the  corners  of  the  bloom,  thus  re- 
ducing its   cracking,  and   making   sounder 
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rails,  0.3  well  as   a  larger  number   of  first 
quality  rails  from  a  given  number  of  ingots. 


considerably.     Hence  the  crop  ends  of  the 
former  may  be  reduced  to  a  uniform  mini- 


Rolled  blooms  are  of  exactly  uniform  cross    mum,  while  a  large  allowance  must  always 
section,  while  hammered  blooms  must  vary  '  be  made  in  hammering. 


THE  GEEAT  WESTERN  SUBMARINE   TELEGRAPH   CABLE. 


From  "Engineering.' 


During  the  progress  of  the  manufacture 
of  the  Atlantic  cables  of  1865  and  1866  the 
public  were  constantly  informed  of  the  vari- 
ous details  of  the  work  and  of  all  that  was 
going  on.  Excitement  was  then  high,  and 
the  problem  of  deep-sea  cable  laying  was 
a  questionable  point,  rendered  subsequently 
still  more  so  by  the  failure  of  the  1865  cable. 

In  the  following  year  the  successful  laying 
of  the  1866  cable,  succeeded  by  the  great 
event  of  the  recovery  of  the  lost  cable  of 
the  year  before,  and  its  being  connected 
across  the  Atlantic  by  the  addition  of  an 
extra  length  of  cable,  completely  changed 
affairs.  Deep-sea  cable  laying  was  a  suc- 
cess, the  problem  of  submerging  a  cable  in 
deep  water,  and  also  the  possibility  of  its 
recovery,  was  perfectly  and  satisfactorily 
solvet. 

The  success  attending  Atlantic  telegraphy 
has  made  people  express  wishes  for  more 
cables  and  reduced  tariffs — the  latter  being 
so  high  as  to  be  somewhat  exclusive ;  and 
to  enable  the  public  to  send  messages  at  a 
less  rate,  the  Great  Western  Telegraph 
Company  was  projected  for  the  purpose  of 
laying,  during  the  course  of  next  year,  a 
cable  from  England  to  New  York  via  Ber- 
muda. This  endeavor  so  far  succeeded  that 
the  public  took  the  matter  up,  and  a  con- 
tract was  signed  for  the  manufacture  and 
laying  of  the  cables,  which  are  now  in  course 
of  construction. 

The  proposed  route  for  the  cable  is  en- 
tirely new.  The  cable  will  start  from  a  con- 
venient point  at  the  Land's  End  to  the 
island  of  Bermuda,  and  from  thence  to  New 
York.  From  Bermuda  a  cable  will  in  the 
course  of  time  be  laid  to  St.  Thomas  to  con- 
nect with  the  network  of  West  Indian  ca- 
bles, and  there  are  subsequent  intentions  of 
connecting  Bermuda  with  the  coast  of  South 
America,  which  route  is  stated  to  possess 
the  great  advantages  of  connecting  Brazil 
with  England  and  with  New  York  by  direct 
lines. 

Necessarily  the  form  of  cable  will  differ 
with  the  nature  of  the  sounding:;  the  amount 


of  the  cable  of  the  several  types  required 
will  vary  also  as  to  the  distance  these  sound- 
ings may  be  expected  to  be  met  with. 
These  distances  may  be  particularized  as 
follows  : 

Section  1,  Land's  End  to  Bermuda  : 

Knotp. 
Main  cable,  type  A    2,990 

Intermediate  cable,        "      B       210 
Shore  end,  "      C         25 


Section  2,  Bermuda  to  New  York  : 

Main  cable,  type  D       642 

Intermediate  cable,        "    E         40 
Shore  end,  '•    F  80 


Section  3,  Bermuda  to  St.  Thomas : 

Main  cable,  type  T)        931 

Intermediate  cable,         "    E         15 
Shore  end,  "    F         20 


3,225  knots. 


762 


966 


Total...    4,953 

Eor  the  present  it  has,  however,  been  de- 
cided to  postpone  the  Bermuda  and  St. 
Thomas  section  until  the  two  main  sections 
are  complete  ;  however,  as  the  types  of  cable 
in  this  section  are  precisely  similar  to  that 
of  Section  II.,  Bermuda  to  New  York,  the 
same  description  will  suffice. 

In  the  existing  Atlantic  cables  the  insu- 
lating medium  is  that  of  the  well-known 
and  generally  used  material,  gutta-percha. 
In  the  present  instance,  however,  the  Direc- 
tors have  decided  to  employ  india-rubber 
in  that  form  known  as  Hooper's  Material, 
as  the  insulator  for  their  cable.  Hooper's 
core  has  of  late  years  been  largely  adopted, 
as  for  instance,  for  the  Persian  Gulf  cable, 
the  various  English  cables  belonging  to  the 
Great  Northern  Company,  and  more  recently 
the  China  and  Japan  extensions  ;  but  really 
specific  information  as  to  its  performance  is 
still  wanting.  The  success  of  the  present 
cable,  being  the  longest  stretch  of  cable 
yet  attempted,  will  prove  of  material  mo- 
ment in  the  great  question  of  Gutta-Percha 
versus  India-Rubber. 

The   core   for   Section    I.     is    the    same 
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throughout,  the  protection  differing  accord- 
ing to  the  requirements  of  the  depth  of 
water.  The  details  of  this  section  are  as 
follows : 

Conductor. — The  conductor  consists  of  a 
strand  of  seven  tinned  wires  of  annealed 
copper  of  the  best  quality  and  manufacture, 
and  the  resistance  of  a  nautical  mile  will 
not  exceed  4.3  ohms  resistance  at  the  stand- 
ard temperature  of  75  deg.  F. ;  this  repre- 
sents a  conductivity  of  921  per  cent,  of  pure 
copper.  The  copper  strand  will  weigh  for 
this  section  300  lbs.  per  knot. 

Dielectric. — The  conductor  will  be  insu- 
lated with  Hooper's  material  to  the  weight 
of  250  lbs.  per  knot.  This  may  be  briefly 
stated  to  be  pure  rubber  next  the  wire,  a 
separating  medium,  then  coatings  of  vul- 
canized rubber,  and  finally  a  jacket — the 
whole  process  being  peculiar,  but  repres- 
enting finally  a  compact  insulated  core. 

The  insulated  conductor,  or  core,  is  pro- 
tected with  a  serving  of  india-rubber  felt, 
and  subsequently  with  a  serving  of  jute 
yarn,  in  quantity  according  to  the  require- 
ment of  the  various  types  of  cable. 

3Iain  Cable,  Type  A. — The  served  core 
is  sheathed  with  nine  galvanized  homo- 
geneous iron  wires  of  No.  13  gauge,  each 
wire  being  enveloped  in  five  strands  of  best 
Manilla  or  New  Zealand  yarn,  steeped  in 
Archangel  tar;  the  cable  thus  sheathed  is  fur- 
ther protected  by  a  lapping  of  yarn  in  a 
reverse  direction. 

Intermediate  Cable,  Type  B. — The 
sheathing  of  this  type  consists  of  10  B.  B. 
galvanized  iron  wire,  No.  5,  B.W.G.,  the 
completed  cable  receiving  three  coatings  of 
silicated  asphalt  compound,  and  two 
coatings  of  jute  yarn,  placed  alternately, 
the  servings  of  yarn  being  reverse. 

Shore  End,  Type  C. — The  shore  end 
consists  of  type  A  complete,  protected  with 
a  serving  of  well  tarred  jute  yarn,  and 
sheathed  with  twelve  strands  of  three  wires 
of  B.B.  galvanized  iron  wires.  The  total 
weight  of  iron  alone  is  for  this  type  about 
15  tons  per  knot. 

In  Section  II.  the  conductor  and  insulator 
necessarily,  from  the  decreased  length  of  the 
section,  differ  in  weight,  the  particulars 
being  as  follows : 

Conductor. — A  seven-strand  tinned  cop- 
per wire,  weighing  107  lbs.  per  knot,  and 
of  the  resistance  of  not  greater  than  12.056 
ohms  at  75  deg.  F.,  giving  a  conductivity 
equal  to  about  92-1-  per  cent,  of  pure  cop- 
per- 


Dielectric. — Of  a  similar  character  to  the 
main  section,  but  of  the  reduced  weight  of 
170  lbs.  per  knot. 

Serving. — The  servings  are  similar  to 
those  in  Section  I.,  but  of  a  quantity  de- 
pendent on  the  size  of  the  cable  required. 

Main  Cable,  Type  D. — Sheathing  of 
nine  galvanized  homogeneous  iron  wires, 
No.  13  gauge,  protected  with  five  strands 
of  Manilla  hemp,  as  in  type  A. 

Intermediate,  Type  E. — Sheathing  and 
hemp  and  asphalt  compound,  as  in  Type 
B. 

Shore  End,  Type  F. — This  consists  of 
Type  D,  served  and  protected  in  a  similar 
manner  to  Type  C. 

The  various  types  of  cable  have  neces- 
sarily to  pass  through  certain  mechanical 
tests,  and  the  "  core"  through  electrical  tests. 
The  latter  are  as  usual  to  be  taken  at  the 
uniformly  recognized  standard  temperature 
of  75  deg.  F. ;  the  required  tests  for  the  con- 
ductor have  been  mentioned,  but  the  stand- 
ard for  the  dielectric  is  high,  unapproach- 
able by  gutta-percha.  The  dielectric  resist- 
ance at  this  temperature  is  required  to  be 
not  less  than  3,500  megohms  after  tico 
minutes  electrification,  and  double  that 
amount  after  five  minutes.  The  induc- 
tive capacity — upon  which  so  much  depends 
— is  in  Section  I.  not  greater  than  0.43 
microfarads,  and  in  Section  II.  not  less  than 
0.354  microfarads  per  knot. 

Sufficient,  however,  has  been  said  to 
show  that  a  most  satisfactory  cable  will  be 
manufactured,  and,  whether  as  regards  the 
insulating,  conducting,  or  mechanical  por- 
tion of  the  cable,  the  whole  may  be  safely 
stated  to  be  up  to  the  contract  point.  Ad 
vantage  has  been  taken  of  experience  in 
one  especial  matter.  The  use  of  homogene- 
ous iron  in  the  Atlantic  cable  proved  that 
there  was  a  tendency  in  the  iron  when  it 
became  of  a  quality  to  much  akin  to  steel,  to 
fly,  and  damage  the  interior  by  penetrating 
the  layer  of  cable  above  or  below  the  broken 
point.  Faults  were  undoubtedly  caused  by 
this  evil ;  this,  however,  was  sucessfully  got 
over  in  the  British  Indian  cable  by  a  light 
"whipping"  of  yarn  in  the  reverse  direc- 
tion to  the  lay  of  the  wires ;  any  breakage 
of  the  wire  was  consequently  prevented 
from  projecting  by  this  method,  and  a 
similar  plan  had  been  adopted  in  this  cable; 
so  it  is  to  be  hoped  the  submergence  of  this 
cable  will  be  as  free  from  electrical  fault 
due  to  that  score  as  was  the  British  Indian 
cable  from  Bombay  to  Aden. 
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PARAFFINS,  ITS  MANUFACTURE   AND  USES. 

By  PROF.  CHARLES  A.  JOY. 
From  the  "Journal  of  Applied  Chemistry." 


In  1830,  Baron  von  Reichenbach,  who 
died  in  18G9,  discovered  a  white  waxy  sub- 
stance in  the  products  of  the  distillation  of 
wood,  to  which,  owing  to  its  permanent 
character  and  chemically  indifferent  prop- 
erties, he  gave  the  name  paraffine  from 
parum  affinis.  Since  that  time  it  has  been 
observed  that  it  is  produced  during  the  dis- 
tillation of  many  organic  substances,  such 
as  ^resins,  bituminous  coal,  lignite,  brown 
coal,  peat,  fats,  wax,  bituminous  shales, 
bog  head  coal,  and  that  it  occurs  ready 
formed  in  petroleum,  in  the  mineral  ozoker- 
ite, in  bitumen  and  earth  wax.  From  being 
an  article  of  insignificant  chemical  impor- 
tance, it  has  risen  to  the  front  rank  of  valu- 
able technical  products.  I  distinctly  recol- 
lect seeing  in  a  small  case  at  the  Paris  Ex- 
hibition of  1855  a  few  candles  and  a  white 
block  resembling  spermaceti,  on  which  was 
inscribed  the  word  "paraffine"  Not  one 
in  ten  thousand  of  the  passers-by  had  the 
remotest  knowledge  of  what  it  was.  In  the 
Paris  Exhibition  of  1867  this  article  made 
its  appearance  everywhere,  and  I  dare  say 
there  were  tons  of  it  in  the  building.  The 
applications  of  paraffine  are  now  so  numer- 
ous and  important  that  it  is  difficult  to 
trace  them  through  all  of  their  ramifications, 
and  I  can  only  aspire  to  a  very  imperfect 
attempt  in  this  direction.  The  best  source 
for  the  literature  on  the  subject  is  "  Wag- 
ner's Annual  Reports  on  Technology,"  and 
of  that  I  shall  make  free  use. 

The  methods  for  the  manufacture  of 
paraffine  are  different,  according  to  whether 
it  is  a  direct  or  an  incidental  product.  I 
shall  mention  some  of  the  most  important 
processes  actually  pursued  in  the  arts.  That 
paraffine  was  contained  in  petroleum  was 
known  as  early  as  1820,  and  Buchner,  who 
found  it  at  that  time  in  the  Bavarian  oil,  is 
sometimes  called  its  discoverer.  The  idea 
of  employing  petroleum  as  a  source  for 
paraffine  was  not  fully  cultivated  until  1856, 
when  the  market  became  supplied  with  an 
oil  unusually  rich  in  this  material.  Ameri- 
can petroleum  contains  very  little,  but  the 
Indian,  and  especially  Rangoon  and  Java 
oil  affords  from  10  to  10  per  cent.  The 
crude  petroleum  is  distilled  until  25  per 
cent,  has  gone  over ;  the  remaining  portion 
is  subjected  to  a  higher  temperature,  and 


toward  the  last  the  paraffine  goes  overr 
which  is  condensed  by  surrounding  the 
tanks  with  ice  or  artificial  mixtures  for  the 
production  of  cold. 

Latterly  the  manufacture  from  ozokerite 
has  been  conducted  on  an  immense  scale. 
The  introduction  of  this  name  into  com-- 
merce  affords  a  striking  illustration  of  suc- 
cessful advertising.  It  is  said  that  the 
originators  of  the  word  spent  £20,000 
sterling  in  posting  it  on  to  every  available 
dead  wall,  conspicuous  rock,  high  fence, 
and  in  advertising  it  in  every  language  and' 
every  country,  until  the  curiosity  of  the- 
whole  world  was  raised  to  a  high  pitch  in 
anticipation  of  the  coming  wonder.  After 
waiting  a  number  of  years,  public  curiosity 
was  gratified  by  the  appearance  on  the 
market  of  some  remarkably  fine  candles, 
which,  on  inspection,  proved  to  be  the  well- 
known  paraffine.  The  capital  invested  in 
the  new  enterprise  is  very  large,  and  the 
production  of  pure  paraffine  something- 
startling.  Ozokerite,  as  it  is  found  in  Aus- 
tria, Moldavia,  the  Caucasus,  and  near  the 
Caspian  Sea,  is  a  vegetable  wax  of  a  yellow- 
ish color,  fibrous  structure,  and  light  speci- 
fic gravity.  In  its  natural  state  it  will  melt 
readily,  but  requires  to  be  wrapped  around 
a  wick  before  it  will  burn.  About  300  lbs. 
of  the  crude  material  are  subjected  at  the 
time  to  fractional  distillation  in  an  iron  still, 
provided  with  coolers  and  condensers.  The 
yield  is  8  per  cent,  oil  and  60  per  cent, 
paraffine.  The  oil  is  reserved  for  illuminat- 
ing purposes.  A  small  portion  of  the  light 
oil,  which  boils  before  212  deg.  Fahr.,  is 
subsequently  used  in  refining  the  paraffine.  - 
The  crude  paraffine  contains  an  oil  which  is 
removed  under  a  hydraulic  press,  and  dis- 
tilled to  save  adhering  paraffine,  and  for 
other  purposes. 

The  press  cakes  are  melted  and  treated 
with  sulphuric  acid.  The  acid  is  neutralized 
with  lime,  and  the  paraffine  distilled  off. 
The  product  is  again  pressed,  melted  with 
the  light  oil  mentioned  above,  and  once 
more  pressed.  The  final  result  is  a  perfectly 
white,  transparent,  hard  substance,  quite 
pure  and  inodorous,  having  a  metallic  ring, 
and  fusing  at  63  deg.  C.  (113  deg.,  Eahr.). 
Its  chief  use  is  in  the  manufacture  of  can- 
dles. The  bitumen  from  Trinidad,  Cuba,  Cali- 
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fornia,  Nicaragua,  Peru  and  Canada,  is  also 
proposed  as  a  source  for  paraffine.  That 
from  Trinidad  yields  nearly  2  per  cent.  The 
manufacture  of  paraffine  by  the  dry  distilla- 
tion of  peat  and  bog  head  coal  is  divided 
into  two  operations  :  1.  The  production  of 
tar.  2.  The  working  up  of  the  tar  for  il- 
luminating oil  and  paraffine.  Before  the 
discovery  of  petroleum,  this  industry  was 
regarded  as  one  of  great  importance,  and  it 
was  anticipated  that  most  of  our  burning 
oil  would  come  from  this  source.  The  trade 
name  of  the  oil  was  kerosene,  a  word  which 
has  since  been  applied  to  refined  petroleum. 
After  the  introduction  of  petroleum,  the  bog 
head  industry  declined  in  the  United  States, 
but  it  is  still  important  in  Scotland,  where 
great  quantities  of  paraffine  are  yearly 
made,  according  to  Mr.  Young's  patent. 
Mr.  Young  originally  subjected  the  bog 
head  coal  to  a  downward  distillation,  but 
numerous  modifications  have  been  introduc- 
ed according  to  the  nature  of  the  crude 
material.  More  attention  has  latterly  been 
bestowed  upon  the  coolers  and  condensers 
than  formerly.  The  methods  of  compressed 
air,  ether  engines,  and  condensation  of  am- 
monia, have  been  applied  to  the  cooling  of 
paraffine  on  a  large  scale,  and  the  yield  has 
thus  been  appreciably  increased. 

It  is  in  this  method  of  artificial  refrigera- 
tion that  the  chief  progress  has  been  latterly 
made.  Paraffine,  in  its  pure  condition,  is  a 
white,  waxy,  inodorous,  tasteless  substance, 
harder  than  tallow,  softer  than  wax,  with  a 
specific  gravity  of  0.877.  Its  melting  point 
is  variable,  depending  somewhat  upon  its 
origin.  It  ranges  between  43  deg.  C.  and  65 
deg.  C.  (109  deg.  Fahr.  and  151  deg.  Pahr.). 
An  ultimate  analysis  yields,  on  the  average, 
carbon  85  per  cent,  and  hydrogen  15  per 
cent.  It  is  insoluble  in  water,  and  is  in- 
different to  the  most  powerful  acids,  alka- 
lies and  chlorine,  and  can  be  distilled  un- 
changed with  strong  oil  of  vitriol.  Warm 
alcohol,  ether,  oil  of  turpentine,  olive  oil, 
benzole,  chloroform  and  bisulphide  of  car- 
bon dissolve  it  readily.  It  can  be  mixed  in 
all  proportions  with  wax,  stearine,  palmatine 
and  resin.  As  stearine  is  less  soluble  in 
benzole  than  paraffine,  Vogel  proposes 
this  reaction  as  a  method  for  detecting  the 
adulteration  of  paraffine  with  stearine.  Fur- 
ther properties  can  be  inferred  from  the 
uses  to  which  it  is  applied.  It  burns  with 
a  wick,  and  gives  much  more  light  than 
stearine  or  wax,  but  as  it  melts  at  a  low 
temperature,  it  cannot  be   advantageously 


employed  alone.  "When  required  for  can- 
dles, it  is  melted  with  stearine,  wax  and 
spermaceti,  to  render  it  less  liable  to  bend 
over  in  warm  weather,  or  to  run.  There 
are  single  establishments  in  Germany  capa- 
ble of  turning  out  250,000,  candles  daily, 
and  in  England  even  these  figures  are  ex- 
ceeded. As  the  melting  point  of  paraffine 
is  low,  it  is  proposed  to  employ  it  for  the 
preservation  of  meat.  Meat  several  times 
immersed  in  a  bath  of  melted  paraffine  will 
keep  for  a  long  time,  and  when  wanted,  it 
is  only  necessary  to  melt  off  the  adhering 
wax-like  coating  to  prepare  it  for  cooking. 
For  stoppers  to  acid  bottles,  to  coat  paper 
for  photographic  and  other  uses,  as  a  lubri- 
cator, for  candles,  as  burning  oil,  to  coat 
pills,  in  the  refinery  of  alcohol  and  spirits, 
paraffine  now  finds  ready  use.  It  has  also 
been  employed  for  the  adulteration  of  cho- 
colate and  candles  ;  for  the  preservation  of 
railroad  timber  ;  to  saturate  filter  paper  for 
certain  purposes  ;  to  coat  the  sides  of  vessels 
in  which  hydrofluoric  acid  is  to  be  kept ;  to 
preserve  fruit  from  decay ;  for  oil  baths 
of  constant  temperature ;  to  prevent  the 
oxidation  of  the  protoxides ;  to  render 
fabrics  water-proof;  as  a  substitute  for 
wax  in  the  manufacture  of  matches  ;  as  a 
disinfecting  agent,  and  as  a  varnish  for 
leather. 

Franz  Stolba,  of  Prague,  suggests  the 
use  of  paraffine  as  a  coating  to  vessels  of 
glass  or  porcelain  when  these  are  acted 
xipon'by^certain  liquids  to  be  set  aside  for 
crystallization.  The  paraffine  is  put  into 
the  capsules,  previously  well  dried  and 
heated,  till  it  commences  to  boil ;  the  ves- 
sels are  then  turned  about  so  as  to  bring  the 
paraffine  in  contact  with  the  whole  of  the 
interior  surface,  and  then  empty  out  the 
surplus.  After  cooling,  it  is  found  to  hold 
well,  and  the  vessels  are  ready  for  use.  Of 
course  the  solutions  to  be  crystallized  must 
not  be  heated,  but  left  to  spontaneous  va- 
cuum evaporation. 

Wine  and.  beer  casks  are  rendered  tight 
by  paraffine,  and  its  introduction  into  the 
vacuum  pans  of  the  sugar  industry  is  said 
to  prevent  frothing  of  the  syrup.  Plaster 
casts  are  coated  with  it ;  drawing  paper  is 
rendered  transparent ;  parlor  matches  are 
tipped  with  it ;  sponges  are  kept  elastic  ; 
cloth  is  rendered  water-tight,  and  it  is  em- 
ployed to  keep  shoemakers'  wax  soft  and 
pliable.  A  paraffine  insulator  is  in  use 
upon  some  of  our  telegraph  fines,  and  as 
there  are  few  substances  that  can  attack  or 
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decompose  paraffine,  its  value  in  many 
chemical  processes  is  obvious.  One  of  the 
most  recent  uses  is  in  the  manufacture  of 
sulphuretted  hydrogen  gas.  If  sulphur 
and  paraffine  be  boiled  together  in  a  flask, 
decomposition  takes  place,  and  a  copious 
supply  of  sulphuretted  hydrogen  is  given 
off.     I   have    found  this    to    be  one  of  the 


the  most  convenient  methods  for  the  pre- 
paration of  this  gas  for  class-room  experi- 
ments. In  medicine,  the  preservative  and 
protective  properties  of  paraffine  are  brought 
into  frequent  requisition,  and  in  candles  it 
also  plays  a  part. 

Such  are  some  of  the  leading  features  in 
the  manufacture  and  uses  of  paraffine. 


THE   PNEUMATIC   DESPATCH. 


From  "  Engineering. : 


It  is  nearly  seven  years  since  a  pneuma- 
tic tube  was  first  laid  in  the  very  heart  of 
London,  and  its  working  proved  to  be  per- 
fectly successful.  Notwithstanding  this, 
the  great  public  carriers — the  railway  com- 
panies— and  the  Post  Office  authorities, 
have  not  yet  availed  themselves  of  the 
manifest  advantages  offered  by  this  system 
for  the  rapid  transmission  of  small  parcels 
and  mail  bags.  Descriptions  of  the  pneu- 
matic tube  and  the  apparatus  for  working 
it  were  given  by  the  press  in  November, 
1865 — when  the  first  section  was  opened. 
The  details  have  been  slightly  altered  in 
one  or  two  instances.  The  pneumatic  tube 
is  formed  in  two  sections  with  a  station 
in  Holborn.  The  first  section — that  be- 
tween Euston  and  Holborn — is  3,080  yards 
in  length,  and  is  laid  with  easy  gradients. 
The  section  between  Holborn  and  the  Post 
Office  is  1,658  yards  in  length,  and  on  it  two 
gradients  of  1  in  15  occur.  The  station  at 
Holborn  is  placed  at  right  angles  to  the 
direction  of  the  tube,  so  that  all  through 
trains  must  reverse  there.  This  is  effected 
by  allowing  a  train  on  its  arrival  to  run 
from  one  tube  up  an  incline,  down  which  it 
quickly  descends  by  gravity,  and  is  turned 
on  to  the  pair  of  rails  leading  to  the  other 
tube.  This  shunting  is  effected  very 
rapidly,  occupying  only  about  half  a  minute. 
The  tube  is  of  the  horseshoe  section,  the 
internal  dimensions  being  4  ft.  6  in.  verti- 
cally, and  4  ft.  horizontally.  The  carriers 
or  trucks  are  10  ft.  4  in.  long,  and  the  ends 
present  an  outline  conforming  to  that  of 
the  interior  of  the  tube,  the  edges  of  the 
ends  being  bound  with  an  elastic  medium, 
so  as  to  form  pistons  when  in  the  tube. 
The  carriers  weigh  about  1  ton  each. 

The  machinery  by  which  the  transit  of 
the  carriers  is  effected  is  placed  in  the  rear 


of  the  Holborn  station.  It  consists  of  an 
engine  having  a  pair  of  24  in.  cylinders 
with  20  in.  stroke.  A  fan  22  ft.  in  diameter 
is  geared  at  2  to  1  with  the  engine  and  is 
worked  continuously,  the  alternate  action 
of  pressure  and  exhaustion  being  governed 
by  valves.  Steam  is  supplied  by  three 
boilers,  each  30  ft.  long  and  6  ft.  6  in.  in 
diameter.  The  ordinary  working  speed  of 
the  fan  is  160  revolutions  per  min.,  which 
gives  a  pressure  of  about  6  oz.  per  sq.  in. 
Trains  are  drawn  by  exhaustion  from  Eus- 
ton-square  and  the  Post  Office,  and  are 
propelled  by  pressure  to  those  points.  The 
signalling  between  the  stations,  and  the 
various  operations  connected  with  the  open- 
ing and  closing  of  the  entrances  to  the 
tubes  for  the  admission  and  emission  of 
trains,  are  performed  from  a  platform 
immediately  over  the  mouths  of  the  tubes. 
The  doors  of  the  tubes  are  arranged  at 
Holborn  and  the  Post  Office  on  the  prin- 
ciple of  lock-gates,  being  hinged  vertically 
and  hung  in  pairs.  Should  an  accident, 
however,  happen  to  these  gates,  a  consider- 
able time  would  be  consumed  in  replacing 
them.  In  order  to  avoid  this  possible 
delay,  the  pair  of  gates  at  Euston  have 
been  superseded  by  a  single  flap,  hung  with 
a  horizontal  hinge.  By  this  arrangement, 
and  by  having  a  spare  gate  always  at  hand, 
the  delay  occasioned  by  an  accident  to  a 
gate  would  only  be  of  a  few  minutes'  dura- 
tion. The  brake  arrangement,  in  use  at  the 
Post  Office  and  the  Euston  stations,  con- 
sists of  a  pair  of  broad  wooden  rails,  20  ft. 
long,  laid  inside  the  ordinary  iron  rails,  and 
having  a  slight  incline.  As  the  train  on  its 
arrival  leaves  the  month  of  the  tube,  it 
runs  on  to  the  timber  incline,  the  under- 
sides of  the  carriers — which  are  shod  with 
iron — sliding  up  the  incline,  and  the  wheels 
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being  raised  from  the  rails.  To  release  the 
carriers  for  the  return  journey,  the  skid  is 
lowered  by  a  cam  arrangement,  which 
brings  the  wheels  down  on  the  rails  again. 

Such  is,  in  general  terms,  the  machinery 
of  the  Pneumatic  Despa/eh,  the  working  of 
which  was  lately  illustrated  to  a  number  of 
scientific  gentlemen  and  others.  The  trials 
commenced  by  bringing  a  single  carrier,  by 
exhaustion,  from  the  Post  Office,  the  run 
being  accomplished  in  3 \  min.,  a  longer 
time  than  usual,  accounted  for  by  the  car- 
rier having  been  over-buffed,  the  pressure 
being  relieved  a  little  too  soon.  This  carrier 
was  then  coupled  to  two  others,  and  the 
three  sent  to  Euston  under  pressure  in  %\ 
min.  from  the  time  of  leaving  Holborn.  The 
train  was  next  brought  from  Euston  by 
exhaust,  the  time  occupied  being  5-i-  min. 
It  was  then  run  into  the  Post  Office  tube, 
and  in  21  min.  from  the  time  of  starting  it 
had  reached  its  destination.  It  was  then 
sent  on  the  return  journey,  which  was 
accomplished  in  3  min.  as  far  as  Holbom, 
and  in  7  min.  more  it  had  arrived  at  Euston. 
The  time  here  was  exceptionally  long,  but 
the  pressure  was  rather  low.  «  Finally  the 
train  was  brought  back  from  Euston  in  5^ 
min. 

Experiments  of  such  short  duration  as 
the  foregoing,  carried  out,  moreover,  with- 
out any  recent  practice  by  the  men  in 
charge,  can  hardly  be  taken  to  represent 
the  results  of  actual  practical  working. 
Some  interesting  facts,  however,  in  connec- 
tion with  continuous  working  were  estab- 
lished by  Mr.  W.  H.  Barlow,  who  in  the 
early  part  of  the  present  year  instituted  a 
series  of  careful  experiments  with  the 
pneumatic  tube,  which  lasted  over  several 
days,  and  showed  the  difference  of  power 
required  to  work  the  gradients  of  the 
Euston  section  of  the  tube  as  compared 
with  the  Post  Office  section.  Before  giving 
the  results  of  these  experiments  it  will  be 
as  well  to  notice  the  number  of  revolutions 
of  the  engine  required  to  maintain  given 
pressures  in  the  tube.  One  feature  proved 
by  these  experiments  was,  that  whether  the 
tube  was  closed  at  both  ends,  or  closed  at 
one  end  and  a  carrier  inserted  and  fixed 
at  the  other,  or  whether  a  train  was  movine; 
or  not,  and  again  whether  each  tube  was 
put  in  connection  with  the  fan  separately, 
or  both  were  put  in  connection  with  the  fan 
at  the  same  time,  in  all  those  cases  there 
was — as  might  be  expected — but  little  vari- 
ation in  the  number  of  strokes  required  to 
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maintain  given  pressures.  The  following 
results  obtained  by  Mr.  Barlow  fully  illus- 
trate this  point : 


Condition  of  Tube. 

Number  of 
revolutions 

of  engine. 

Pressure  in 
ounces. 

Euston  tube  closed  at  both  ends 

79 

4.0 

Tube   closed  at   one   end  and  a 

carrier  inserted  atthe  other 

80 

3.8 

With  a  train  of  2  tons  running 

81 

4.0 

With  a  train  of  12  tons  running 

in  the  same  tube 

79 

4.0 

Wirh  a  carrier  inserted  in  each 

tube  and   both  tubes   in  con- 

nection with  the  engine 

80 

3.3 
risin ''after- 
wards to 
4.0 

Ditto            ditto 

92 

92 

5  35 

The  Euston  tube  separately 

5.80 

The  Post  Office  tube  separately 

92 

5.20 

The  last  result  having  an  important 
bearing  on  the  iisefulness  of  the  apparatus, 
Mr.  Barlow  made  a  set  of  experiments,  and, 
taking  the  average  results  of  the  different 
pressures,  it  appears  that  the  increase  in 
the  number  of  revolutions  required  to  main- 
tain the  pressures  in  both  tubes  acting  to- 
gether, as  compared  with  either  acting 
separately,  amounts  to  5  per  cent.  It  was 
observed,  however,  that  when  a  regular 
speed  was  arrived  at  with  both  tubes  in 
connection,  the  effect  of  shutting  off  one 
tube  was,  of  course,  to  produce  a  slight 
increase  of  speed  in  the  engine,  the  total 
amount  of  work  done  being  diminished  by 
the  reduction  of  the  quantity  of  air  delivered 
by  the  fan.  It  was,  however,  evident  that 
so  much  of  the  work  performed  by  the  en- 
gine was  expended  by  overcoming  the  fric- 
tional  resistances  of  the  fan  itself,  that  the 
difference  between  operating  on  one  tube 
alone,  or  on  both  together,  did  not  produce 
a  large  effect  on  the  gross  work  demanded 
from  the  engine.  A  number  of  experiments 
were  made  with  the  dynamometer  for  the 
purpose  of  ascertaining  the  tractive  resist- 
ance of  the  carriers.  The  results,  how- 
ever, were  irregular,  but  the  general  mean 
is  stated  to  be  25  lbs.  per  ton.  This  unu- 
sually high  resistance  was  obtained  under 
exhaustion,  and  is  therefore  referable  to 
the  small  diameter  of  the  wheels,  and  the 
generally  imperfect  construction  of  the 
carriers.  With  regard  to  the  actual  weights 
moved,  and  speeds  obtained,  numerous  ex- 
periments  made   on   the    section  between 
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Euston-square  and  Holborn  give  the  follow- 
ing results  : 
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5.V 

2 

6 

9 

15 

11.35 

.65 

71.5 

3 

2 

6 

8 

15 

12.66 
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77.0 

4 

2 

6 

7 
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14.26 
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22 

12 

9 
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5 
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7 
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5^ 

The  nominal  pressures  recorded  in  these 
experiments  agree  very  closely  with  those 
obtained  by  the  same  number  of  revolutions 
of  the  engine  when  the  tube  was  closed, 
and  no  train  running  in  it.  The  remarkable 
feature  of  these  experiments  is  that,  with 
the  same  number  of  revolutions  per  minute 
of  the  engine,  and  the  same  pressure,  a 
very  large  increase  made  in  the  load  pro- 
duced a  comparatively  small  decrease  in  the 
speed.  This  is  shown  by  the  following  nine 
experiments : 


Nominal 

Load  con- 

Speed, miles. 

Number  of 
revolutions 

pressure. 

veyed  in  tons. 

per  hour. 

of  engine. 

4 

2 

14  32 

81  5 

4 

2 

12.66 

77.0 

4 

12 

11.60 

79  0 

5 

2 

16  03 

90. 0 

5 

6 

14.26 

87.0 

5 

14 

13  47 

86  5 

5^ 

2 

17.31 

93.0 

5^ 

6 

16.44 

95.0 

5^ 

20 

13  15 

93.0 

In  the  first  of  these  cases,  by  increasing 
the  load  from  two  to  twelve  tons,  the  useful 
effect,  or  weight  passed  through  per  minute, 
was  increased  five  times.  In  the  last  ex- 
periment, by  increasing  the  load  from  two 
to  twenty  tons,  the  useful  effect  was  increas- 
ed about  seven  and  a  half  times ;  the 
pressure  of  steam  and  the  work  performed 
by  the  engine  remained  about  the  same, 
whether  a  weight  of  two  tons  was  passing 


through  at  17.3  miles  per  hour,  or  twenty 
tons  at  13.15  miles  per  hour.  The  pecu- 
liarity of  the  pneumatic  tube  apparatus  is 
that  it  is  not  well  adapted  for  light  loads  at 
high  speeds,  but  that  it  is  capable  of  mov- 
ing a  great  amount  of  weight  at  low  speeds. 
The  experiments  made  by  Mr.  Barlow  upon 
the  section  of  tube  between  Holborn  and 
the  Post  Office  showed  that,  notwithstanding 
the  gradient  of  1  in  15,  the  heaviest  loads 
were  those  which  produced  the  best  com- 
mercial residts,  and  that  with  twelve  tons 
the  weight  passed  through  the  tube  was 
2.66  tons  per  minute.  The  pressure  re- 
quired to  work  this  action  of  the  tube  is 
greater  than  that  required  for  the  Euston 
section.  Considering  the  imperfect  condi- 
tion of  the  rolling  stock,  there  can  be  no 
doubt  that  the  mean  residts  obtained  in 
these  experiments  could  be  readily  obtained 
in  ordinary  every-clay  working  with  the 
road  and  rolling  stock  in  efficient  order.  It 
appears  from  the  experiments  that  twelve 
tons  were  taken  through  the  Post  Office 
tube  in  4-j-  min.,  and  twenty  tons  through 
the  Euston  tube  in  8  minutes.  Assuming 
the  engine  to  work  on  each  tube  separately, 
two  trains  of  12  tons  might  be  brought 
through  the  Post  Office  tube  in  9  min.,  and 
might  be  sent  forward  to  Euston  in  one 
train  of  24  tons  in  about  an  equal  time.  In 
other  words,  24  tons  might  be  passed 
through  the  entire  length  of  the  tube  in  18 
min.,  or,  allowing  6  min.  delay  in  shunting, 
etc.,  at  the  stations,  the  practical  result  would 
be  1  ton  of  gross  load  per  minute.  By 
reducing  the  trains  to  10  tons  in  the  Post 
Office  tube,  and  to  20  tons  in  the  Euston, 
both  tubes  could  be  used  simultaneously, 
and  about  40  tons  could  be  passed  through 
in  18  min.,  or,  allowing  for  delay  at  stations, 
from  \\  to  2  tons  per  min.  of  gross  load. 

The  working  expenses  are  estimated  at 
£50  per  week,  working  12  hours  per  day, 
and  the  repairs  at  £500  per  annum,  an 
allowance  which  Mr.  Barlow  considers  to 
be  ample.  He,  moreover,  observes  that  if 
sufficient  traffic  could  be  found  to  render  it 
desirable,  the  carrying  power  of  the  appar- 
atus could  be  greatly  increased.  Eor  this 
purpose  he  suggests  the  employment  of  a 
powerful  air-pump  in  connection  with  the 
Post  Office  section  to  assist  the  trains  up 
the  heavy  gradients  of  1  in  15. 


The  new  car  shops  at  Litchfield,  HI.,  are 
fast  approaching  completion. 
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From  "The  Architect." 


At  the  present  time  there  are  so  many  dif- 
ferent methods  employed  of  treating  sewage 
that  it  is  often  difficult  to  remember  the 
difference  between  them,  and  a  short  abstract 
of  the  facts  has  been  hitherto  a  desidera- 
tum. The  nearest  approach  to  such  an  ab- 
stract which  we  have  met  with,  we  must 
say,  has  been  in  a  report  presented  to  the 
Town  Council  of  Beccles  at  their  last  meet- 
ing, and  which  appears  to  us  to  be  so  valu- 
able a  document  that  we  reproduce  it  with- 
out abridgment : 

At  a  meeting  of  the  Council,  a  deputa- 
tion, consisting  of  the  Mayor  (Mr.  Laws), 
the  Deputy-Mayor  (Mr.  Mayhew),  Dr.  Met- 
calf,  and  the  Town  Surveyor  (Mr.  Fenn), 
were  appointed  "  to  visit  such  sewerage 
works  as  they  may  think  expedient  for  the 
purpose  of  obtaining  information  on  the 
best  method  of  disposing  of  the  sewage  of 
the  town,  and  to  report  thereon." 

In  accordance  with  this  resolution,  the 
deputation  visited  the  towns  of  Romford, 
Croydon,  Leamington,  Warwick,  Banbury, 
and  the  works  at  Crossness,  inspected  the 
sewerage  works  and  farms  in  connection 
with  these  places,  and  have  endeavored  to 
obtain  such  further  information  to  assist 
them  in  forming  a  conclusion  so  as  to  re- 
commend to  the  Council  the  adoption  of  a 
plan  for  the  disposal  and  utilization  of  the 
sewage  of  the  town  of  Beccles  of  a  perma- 
nent and  beneficial  character. 

Before  presenting  what  must  necessarily 
be  a  brief  report  of  their  visits  to  the  places 
named,  they  would  remind  the  Council  of 
certain  facts  connected,  first,  with  the  na- 
ture of  sewage ;  and,  secondly,  with  its 
treatment  and  application,  closely  depend- 
ent as  these  are  upon  its  character,  and  the 
special  circumstances  of  the  towns  con- 
cerned. 

The  composition  of  sewage  necessarily 
varies  considerably  in  different  places,  de- 
pendent, for  instance,  upon  whether  it  may 
be  sewage  pure  and  simple,  or  much  al- 
tered in  its  character  by  the  admixture  of 
the  refuse  from  manufactories  and  works, 
as  is  the  case  in  many  large  towns. 

The  principal  valuable  constituents,  how- 
ever, are  in  all  instances  the  various  com- 
binations of  nitrogen,  and  the  compounds 
formed  with  phosphoric  acid. 

In  considering  the  subject,  it  is  most  im- 


portant to  bear  in  mind  and  discriminate 
between  matters  simply  suspended  in  sew- 
age, and  those  held  in  solution.  Suspend- 
ed matter,  which  may  be  separated  in  a  va- 
riety of  ways,  either  by  precipitation  or  fil- 
tration, to  those  unacquainted  with  the  sub- 
ject might  be  considered  to  form  the  most 
valuable  portion  for  manurial  purposes ; 
but  this  is  erroneous,  as  the  matters  which 
are  dissolved  in  the  fluid  portion  are  by  far 
the  most  valuable  for  fertilizing  purposes. 

All  the  plans  hitherto  devised  for  the 
treatment  of  sewage  may  be  considered 
under  two  heads,  viz. :  Artificial  and  Natu- 
ral. 

ARTIFICIAL     PLANS. 

The  artificial  plans  adopted  are  either  of 
a  simple  mechanical  kind,  or  of  a  more 
complex  chemical  nature. 

As  examples  of  the  mechanical  treat- 
ment, we  may  mention  the  separation  into 
solid  and  fluid  portions,  as  we  observed  at 
Banbury,  by  means  of  screens  and  filters 
differently  arranged,  and  again  by  the 
beautifully  -  constructed  and  ingeniously- 
contrived  invention  of  Mr.  Baldwin  Latham, 
termed  "  an  extractor,"  two  of  which  are  in 
operation  at  Croydon. 

The  chemical  methods  adopted  have  been 
both  various  and  numerous,  viz.: 

1st. — The  lime  process,  which  was  tried 
at  Leamington  and  proved  a  failure. 

2c?. — Tanks,  in  which  the  sewage  was 
treated  with  a  preparation  of  alum,  and 
was  tried  with  partial  success  at  Totten- 
ham. 

od. — Lime  and  chloride  of  iron  process, 
which  is  in  use  at  Northampton.  Each 
1,000,000  gallons  of  sewage  is  mixed  with 
12  bushels  of  lime  and  6  gallons  of  chloride 
of  iron — in  hot  weather  more,  in  cold  less. 
The  defecated  sewage  is  then  submitted  to 
upward  filtration  through  a  stratum  of 
calcined  iron  ore,  S  in.  thick.  It  is  stated 
that  the  deodorization  is  successful,  but  that 
the  putrefaction  of  the  effluent  water,  al- 
though deferred,  ultimately  takes  place, 
and  the  river  is  fouled — indeed,  an  injunc- 
tion has  been  obtained,  aud  the  discharge 
into  the  river  is  no  longer  permitted. 

4th. — The  crude  sulphate  of  alumina 
process,  which  was  used  at  Stroud  with 
partial  success  ;  the  effluent  liquid,  however, 
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contains  more  eolid  matter  in  suspension 
than  the  sewage  before  treatment. 

An  improved  modification  of  this  process 
has  been  quite  lately  introduced  by  the 
Phospho-Alumina  Company.  The  plan  has 
been  adopted,  we  believe,  by  the  Tottenham 
Local  Board ;  and,  experimentally,  it  is 
being  tried  on  a  larger  scale  at  Barking. 

5th. — The  concession  to  utilize  the  sewage 
of  Paris  has  been  giveu  to  the  "  Peat  En- 
gineering and  Filtration  of  London  Com- 
pany." The  conditions  are  that  the  sewage 
shall  be  disposed  of  daily,  so  as  to  emit  no 
foul  smell  in  the  vicinity  of  the  works,  and 
that  the  refuse  water  should  run  into  the 
Seine  clear  and  free  from  organic  matter. 
The  engineer  is  Mr.  F.  H.  Danchell,  C.  E. 
Peat,  which  is  abundant  near  Paris,  is  to  be 
cut  by  machinery,  dried  and  carbonized. 
This  plan  has  been  employed  at  the  Stoke 
"Workhouse,  where  the  sewage  of  650  per- 
sons (about  10,000  gallons  of  sewage  per 
day)  has  been  successfully  filtered.  The 
same  company  are  engaged  to  filter  the 
sewage  of  Bolton.  The  filtration  can  be 
arranged  to  take  place  upwards,  down- 
wards, or  sideways,  and  can  be  easily  re- 
versed. 

6th. — The  ABC  process — probably  the 
most  important  and  efficacious  of  the  vari- 
ous chemical  plans  yet  proposed,  and  whose 
principal  works  your  Committee  visited  at 
Crossness.  In  the  ABC  process  10,000 
grains  of  raw  sewage  require  from  16  to  18 
grains  of  the  ABC  ingredients,  exclusive 
of  water.       The  compound  comprises  from 

2  to  3  grains  of  crude-sulphate  of  alumina, 

3  grains  of  animal  charcoal,  10  grains  of 
clay,  and  1  or  2  grains  of  blood — these  are 
mixed  with  82  or  84  grains  of  water,  mak- 
ing a  total  of  100  grains,  or  1  per  cent,  of 
10,000  grains  of  raw  sewage.  The  sul- 
phate of  alumina  is  obtained  in  a  cheap 
way  from  clay. 

1th. — The  dry-earth  system,  although 
efficacious  in  deodorizing,  is  by  no  means  so 
certain  in  its  disinfecting  properties,  and 
the  difficulties  in  procuring  the  quantity  of 
earth  required — the  expense  of  bringing  it 
to  the  houses,  the  removing  it,  the  sifting 
and  drying  required,  the  care  necessary  to 
keep  the  earth  dry,  the  incessant  use  of  it 
in  sufficient  quantity  but  without  excess, 
the  fact  that  it  would  be  chiefly  used  by  the 
least  careful  class  of  the  community,  and 
its  not  dealing  with  other  than  fecal  mat- 
ters— render  its  success  hopeless.  The 
value  of  the  manure  produced,  according 


to  the  Eoyal  Agricultural  Society,  is  only 
7s.  per  ton. 

8th. — The  Midden  plan,  as  adopted  at 
Birmingham,  is  simply  a  temporary  and 
imperfect  device,  to  alleviate  acknowledged 
and  grave  difficulties  for  which  no  remedy 
has  been  yet  devised. 

9th. — Filtration  is  effected  by  Mr. 
Weare's  process  through  charcoal  and  cin- 
ders, in  a  specially  constructed  tank,  as  at 
Bradford,  but  with  by  no  means  satisfactory 
results.  Charcoal  has  been  similarly  used 
at  Uxbridge  ;  the  result,  however,  is  so  im- 
perfect that  an  injunction  has  been  obtained 
to  stop  the  process. 

UATURAL   METHODS. 

It  now  remains  to  consider  what  may  be 
called  the  natural  methods  —  these  are 
"  Downward  intermittent  filtration"  and 
"  Irrigation." 

1st. — Downward  intermittent  filtration 
consists  in  adapting  a  small  given  area  of 
land,  over  which  the  sewage  is  poured  and 
caused  to  percolate  through  to  a  depth  of 
several  feet,  more  or  less,  dependent  upon 
the  nature  of  the  soil,  and  carrying  off  the 
percolated  fluid  by  means  of  regularly-con- 
structed under-drains. 

When  this  given  area  becomes  non-ab- 
sorbent or  clogged,  it  is  then  allowed  to 
rest,  and  a  fresh  portion  of  land  is  set  apart, 
and  similarly  dealt  with.  Here  very  little 
attempt  is  made  to  cultivate  a  crop ;  the 
land  is  principally  used  as  a  purifier  or 
filter.  The  sewage  may  be  disposed  of,  it 
is  but  little  utilized,  and  by  far  the  largest 
proportion  of  its  valuable  properties  are 
lost. 

2d. — Irrigation  has  been  carried  on  at 
the  Craigentenny  meadows,  near  Edinburgh, 
for  the  last  20U  years.  The  lower  portion 
of  the  present  meadow,  fifty  years  ago,  was 
low  moving  sand-hills.  The  quantity  of 
sewage  there  used  is  enormous — at  the  rate 
of  35U  persons  per  acre. 

One  of  the  best  examples  of  this  method 
of  dealing  with  sewage  is  to  be  seen,  how- 
ever, at  Croydon,  where  for  several  years 
past  there  have  been  ample  opportunities  of 
observing  and  testing  this  system.  Abun- 
dant experiments  have  been  made  from  time 
to  time,  and  the  whole  is  now  pretty  well 
reduced  to  a  systematic  science. 

The  purifying  agents  in  all  cases  of  irri- 
gation are  twofold,  viz. — the  plant,  which 
separates  for  its  nutriment  certain  principles; 
and  the  soil,  which  abstracts  the  remaining 
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deleterious  matter,  storing  it  up  for  the  use 
of  future  crops,  thus  rendering  the  effluent 
water  clear,  wholesome,  and  pure.  The 
theory  of  sewage  irrigation  may  be  shortly 
stated,  viz.  : — That  the  sewage  of  a  town 
may  be  so  applied  to  land,  that  the  root- 
lets of  the  growing  crops  shall  at  once  seize 
upon  the  mischievous  elements  in  the  sew- 
age, change  their  chemical  forms,  fix  a  por- 
tion of  the  elements  in  the  plant,  and  render 
the  rest  comparatively  harmless.  This 
change  is  best  effected  before  decomposition 
shall  have  advanced  far  enough  for  the 
dangerous  elements  to  escape  into  the 
atmosphere,  and  so  carry  with  them  the 
germs  of  disease.  If  the  application  to  the 
land  be  properly  managed,  the  whole  of  the 
material  supplied  will  be  rendered  innocu- 
ous, and  the  water  freed  perfectly  from 
noxious  organic  matter. 

The  first  great  point  in  the  management 
of  irrigation  is  to  establish  a  proper  vege- 
table growth  ;  the  second  is  to  be  careful  that 
the  debris  of  animal  life  shall  not  be  in  ex- 
cess of  the  decomposing  or  fixing  power  of 
the  vegetable. 

The  same  points  have  to  be  observed  in  the 
proper  and  healthy  management  of  an 
aquarium.  In  the  aquarium,  if  the  animal 
life  overpower  the  vegetable  growth,  and 
also  if  the  animal  life  does  not  remove  the 
vegetable  growth,  both  are  destroyed.  The 
same  results  will  be  obtained  from  the  im- 
proper management  of  a  sewage  farm. 

If  the  sewage  is  irregularly  or  unequally 
distributed,  if  it  is  in  excess  of  the  growing 
power  of  the  crop  to  alter  and  assimilate  it, 
the  proper  plants  are  killed  and  dangerous 
miasmas  arise. 

A  sewage  farm,  however,  is  safer  than 
an  aquarium,  because  the  land  possesses 
certain  properties  which  water  has  not. 

The  earth  can  hold  a  portion  of 
the  fertilizing  elements  contained  in  sew- 
age, and  store  them  up  against  the  time 
when  the  plant  is  ready  to  appropriate 
them  to  its  own  use.  This  is  a  property 
possessed  by  some  soils  more  than  others — 
argillaceous  soils  in  excess  of  sandy  soils. 

It  is  not  the  deodorizing  or  re-arranging 
powers  of  earth,  however,  which  are  re- 
quired so  much  as  the  selecting  power  of 
the  plant  roots.  Experience  of  some  years 
has  now  shown  that  one  acre  of  land  will 
amply  provide  for  the  sewage  of  100  per- 
sons. 

The  storm,  surface,  and  subsoil  waters 
should  be  separated  from  the  sewage. 


Sewers  free  from  deposit  and  well  laid 
are  absolutely  necessary  for  success. 

The  great  value  of  sewage  is  in  its  fresh 
application  ;  the  great  danger,  in  its  delay. 
It  should  reach  the  roots  of  the  plant  a  few 
hours  at  most  after  its  discharge  from  the 
outlet.  And  lastly,  the  necessity  for  proper 
under-drainage  of  the  irrigated  land  must 
be  carefully  attended  to  (the  nature  and 
character  of  the  soil  being  taken  into  con- 
sideration). It  is  not  sufficient  to  pour 
sewage  upon  the  surface  of  the  land,  mak- 
ing no  provision  for  carrying  off  the  fluid 
portion,  as  this  would  be  simply  to  convert 
it  into  a  stagnant  pestiferous  bog,  inimical 
alike  to  animal  and  vegetable  life ;  but  at- 
tention to  the  principles  already  enunciated 
will  convert  a  barren  sandy  waste  into  a 
fertile  soil  bearing  verdant  and  luxuriant 
crops,  alike  pleasant  to  behold,  and  bene- 
ficial in  the  varying  supply  needed  for  the 
wants  of  man. 

Having  thus  given  a  brief  account  of  the 
various  methods  adopted  for  the  util- 
ization of  sewage,  your  Committee  pro- 
ceed to  describe  such  as  are  in  use  in  the 
several  places  they  visited,  with  a  view  to 
ascertain  how  far  any  such  application 
might  be  suited  to  our  own  case,  and  to  the 
local  conditions  affecting  our  own  drainage 
scheme.  Your  Committee  selected  such 
places  as  were  understood  to  have  some  re- 
lation to  our  own  locality — either  in  the 
size  of  the  town,  character  of  the  adjoining 
land,  or  as  cultivating  by  different 
methods  of  irrigation  such  crops  as  would 
be  most  suitable  and  marketable  here. 

These  places  were  Romford,  Croydon, 
Leamington,  Warwick,  and  Banbury. 
AYitk  a  wish,  however,  to  get  the  latest 
and  most  reliable  information  as  to  the 
treatment  of  sewage  by  the  ABC  process, 
they  inspected  also  the  works  at  Cross- 
ness. 

THE    EOITFORD    SYSTEM. 

Your  Committee  first  went  to  Romford. 
The  sewage  here  is  brought  from  the  town 
— a  distance  of  three  miles — by  an  lS-inch 
iron  pipe  to  the  collecting  tanks.  The  size 
of  each  tank  is  100  ft.  by  75  ft.  by  8  ft.  in 
depth,  and  the  capacity  of  each  is  350,000 
gallons.  Received  at  the  tanks  the  sewage 
is  allowed  to  settle,  and  the  fluid  part  is 
pumped  so  as  to  command  the  highest  point 
on  the  farm,  and  then  conducted,  partly  by 
iron  and  partly  by  Portland  cement  carriers, 
over  the  land.  The  deposit  left  in  the  tanks 
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is  afterwards  raised  and  carted  away  for 
use  as  manure. 

The  result  of  trie  application  of  the  fluid 
part  of  the  sewage  by  irrigation  appears  to 
answer  well.  Crops  are  grown  of  straw- 
berries, cabbages,  onions,  peas,  beans,  man- 
gel-wurtzel,  and  largely  of  Italian  rye-grass. 
Of  the  latter  growth,  as  many  as  ten  cut- 
tings have  been  made  in  the  year.  On  ac- 
count of  the  proximity  of  Romford  to  the 
metropolis,  garden  produce  is  in  demand, 
and  sells  well.  Cabbages  have  been  sold 
for  £22  10s.  per  acre,  and  strawberries  have 
realized  £100  per  acre.  The  sewage  deposit 
(no  means  being  used  to  fix  the  ammonia) 
is  considered  to  be  worth  no  more  than  its 
carriage ;  and  its  exposure  (as  permitted 
here),  if  near  a  town,  would  be  an  intoler- 
able nuisance. 

Of  the  object  sought  to  be  gained  here — 
the  utilizing  the  fluid  part  of  the  sewage  by 
irrigation  and  the  solid  part  as  manure — 
the  first  is  a  great  success,  and  the  latter  is 
as  great  a  failure. 

THE    CROYDON    SYSTEM. 

The  sewage  of  Croydon  finds  its  way  to 
the  Beddington  Farm  by  gravitation,  flow- 
ing with  sufficient  force  into  a  reservoir  to 
set  in  motion  a  turbine  which  turns  two 
circular  screens  of  coarser  and  finer  gauge, 
through  which  the  sewage  passing  the  solid 
matter  is  intercepted,  and  raised  by  an 
archimedian  screw  to  an  upper  platform,  to 
be  harrowed  away  to  a  heap.  The  strained 
liquid  is  conveyed  by  underground  mains 
to  hydrants,  and,  being  turned  into  stone- 
ware carriers,  is  distributed  over  the  land. 
The  effluent  water  flows  off  very  clear  into 
the  river  Wandle.  The  machinery  employed 
is  expensive,  but,  on  the  other  hand,  there 
is  no  permanent  cost  for  steam  power. 

Earni  and  garden  crops  grow  here,  and 
are  looking  well.  There  are  about  160 
acres  of  rj^e-grass,  and  70  acres  of  perma- 
nent pasture.  The  manager  reports  that  ir- 
rigation is  highly  beneficial  to  grass  lands, 
improving  the  crops  both  in  quality  and 
quantity,  and  states  that  cattle  much  prefer 
the  feed  so  grown. 

A  dairy  farm  with  about  50  cows  is  car- 
ried on  ;  the  milk  is  excellent,  and  the  cream 
and  butter  command  top  prices  in  the 
market.  About  50  horses  are  taken  in  to 
keep,  and  are  said  to  do  well. 

The  land  is  well  under-drained  ;  indeed, 
the  drainage  of  all  irrigated  lands  is  abso- 
lutely necessary.     Nothing  being  paid  for 


sewage,  the  farm,  now  in  the  hands  of  a 
company,  makes  a  good  profit.  At  the  last 
balance  30  per  cent,  on  the  capital  was 
made,  of  which  15  per  cent,  was  taken  by 
the  shareholders. 

THE    LEAMINGTON    SYSTEM. 

The  Learning-ton  sewage  is  taken  on  lease 
by  the  Earl  of  Warwick  at  a  rental  of  £-450 
per  year.  It  is  pumped  by  the  Leamington 
authorities  to  the  highest  part  of  the  Earl's 
farm,  2.^  miles  off,  to  the  height  of  130  ft., 
and  from  thence  distributed  in  the  usu«l 
way  over  the  land.  There  is  no  separation 
of  the  solid  from  the  liquid  sewage  ;  it  is  ap- 
plied as  it  comes  to  hand,  and  its  effects  are 
unmistakable. 

Italian  rye-grass  is  grown  in  immense 
quantities ;  the  first  three  or  four  cuttings 
average  15  tons  per  acre.  It  sells  for  12s. 
per  ton  on  the  spot.  Here,  as  at  Croydon, 
cattle  prefer  pasture  which  has  received 
sewage.  Cows  are  in  splendid  condition, 
and  yield  nearly  double  quantity  of  milk  of 
a  superior  quality.  Horses  also  thrive  well 
on  the  same  produce.  The  farm,  which  is 
360  acres  in  extent,  of  loam  and  gravel  soil, 
under  the  management  of  the  Earl's  agent 
(Mr.  Tough),  is  in  the  highest  state  of  cul- 
tivation. Besides  rye-grass,  root  crops  are 
successfully  grown.  Mr.  Tough,  who  fur- 
nished readily  all  the  information  your 
Committee  required,  is  very  strongly  in  fa- 
vor of  irrigation,  but  says  it  requires  judg- 
ment and  experience  to  apply  it  properly. 

The  money  results  of  the  farm,  although 
so  much  is  paid  for  the  sewage,  are  likely 
to  be  satisfactory. 

THE    WARWICK    SYSTEM. 

The  farm  at  Warwick  is  treated  in  a  sim- 
ilar manner.  The  manager  contends  that 
clarified  sewage  is  far  better  than  sewage 
in  its  crude  cpndition  for  grass  lands,  and 
says  that  the  effect  of  its  application  to  per- 
manent pasture  is  to  give  three  certain  crops 
instead  of  one.  Here  garden  crops  pay  best, 
and  preparation  is  being  made  for  growing 
them  extensively.  Celery,  onions,  and  cab- 
bages are  to  be  principally  cultivated. 

An  illustration  was  here  seen  of  what 
might  be  useful  to  Beccles — there  being  a 
large  breadth  of  permanent  pasture  under 
cultivation,  and  a  good  deal  of  hay  is  made. 
Here,  also,  was  observed  a  stack  of  hay 
made  from  Italian  rye-grass,  which  seemed 
sweet  and  clean,  and  which  the  cattle  eat 
readily. 


THE    SEWAGE    SYSTEMS. 
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This  farm  at  first  was  a  decided  failure. 
The  land  is  heavy,  and  was  not  at  first  un- 
der-drained; and  the  result  was  that  it  be- 
came water-logged — receiving  harm  rather 
than  help  from  the  sewage.  It  is  now 
managed  with  more  judgment,  and  prom- 
ises well. 

THE    BANBTTKY    SYSTEM. 

At  Banbury,  the  sewage  is  received  into 
tanks,  situate  near  the  town,  and,  passing 
from  one  tank  to  another,  a  simple  contriv- 
ance separates  the  solid  and  floating  sub- 
stances from  the  liquid  sewage,  and  this 
flows  to  the  pump.  The  bottoms  of  the 
tanks  are  inclined  to  facilitate  the  collection 
of  the  deposit,  which  is  raised  in  buckets, 
and  being  mixed  with  the  town  sweepings 
is  sold  at  elevenpence  per  ton  as  manure  ; 
about  100  tons  per  annum  are  sold.  The 
pumping  main  runs  up  the  public  road  to 
the  farm,  the  highest  lift  being  21  ft. 

The  sewage  received  into  the  main  car- 
rier is  from  thence  distributed,  the  effluent 
water  running  into  the  river  Charwell.  An 
18-horse  pumping  engine  is  employed, 
which  raises  about  400,000  gallons  a  day. 
The  sewage  is  applied  to  permanent  pasture 
during  the  winter,  but  never  while  the  grass 
is  growing. 

No  stock  is  kept,  the  produce  being  sold. 
The  farm  consists  of  136  acres.  The  cap- 
ital invested  is  £5,000.  The  result,  after 
the  payment  of  working  expenses  (nothing 
being  allowed  for  sewage),  is  about  an  even 
balance. 

It  should,  however,  be  remarked  that  the 
land,  formerly  letting  for  50s.  per  acre,  was 
bought  at  so  high  a  figure  as  to  raise  the 
estimated  rent  to  £4  10s.  per  acre. 

The  drainage  of  the  town  is  all  but  com- 
plete— every  house,  with  the  exception  of 
about  thirty,  being  in  connection  with  the 
sewers. 

It  is  worthy  of  notice,  that  notwithstand- 
ing the  perfect  collection  of  the  sewage  and 
its  being  turned  to  good  account,  nothing 
more  can  be  said  than  that  it  simply  pays 
the  expense  of  riddance. 

Besides  the  foregoing  places  which  appear- 
ed to  afford  more  or  less  instructive  exam- 
ples to  Beccles,  your  Committee  thought  it 
desirable  to  visit  the  great  outlet  of  the 
South  London  sewage,  and  the  works  of  the 
company  manufacturing  native  guano  by  the 
ABC  process  at  Crossness. 

SYSTEM    AT    CROSSNESS. 

It  is  unnecessary  to  refer  to  the  Metro- 


politan works  further  than  to  say  that  in 
their  gigantic  dimensions,  and  with  their 
enormous  power,  they  seemed  well  worthy 
to  deal  with  half  the  sewage  of  the  most 
populous  city  in  the  world.  "With  regard 
to  the  ABC  manufactory,  the  works  are 
placed  provisionally  on  lands  belonging  to 
the  Metropolitan  Board,  the  company  hav- 
ing simply  permission  to  occupy  them  for 
twelve  months.  Should  the  Avorks  prove  a 
nuisance,  they  may  be  stopped  at  once. 
They  erect  their  buildings,  machinery,  etc., 
at  their  own  cost,  while  the  whole  of  their 
operations  are  under  the  surveillance  of  the 
Metropolitan  Board. 

On  the  part  of  the  company,  it  is  an  ex- 
periment— on  the  part  of  the  Board,  an  of- 
ficial inquiry.  The  daily  quantity  of  sew- 
age discharged  at  Crossness  amounts  to  no 
less  than  50,000,000  gallons,  or  223,000 
tons.  Of  this,  about  600,000  gallons  only 
is  conveyed  daily  to  the  ABC  works.  It 
flows  through  a  large  pipe,  and  is  pumped 
up  into  a  cylindrical  tank  placed  upright  in 
the  mixing  room.  It  enters  in  at  the  base 
of  the  tank,  and  has  a  junction  at  this  point 
with  a  pipe  which  conveys  the  ABC  mix- 
ture, so  that  the  sewage  and  the  mixture 
are  mingled  together  at  the  moment  they 
enter  the  tank.  The  quantity  of  the  ABC 
mixture  or  compound  added  to  the  sewage 
is  about  1  per  cent.  The  commingled  fluid 
then  flows  into  a  series  of  outdoor  tanks. 
Each  tank  when  full  is  allowed  to  remain 
some  hours,  when  the  floor  of  the  tank  be- 
comes covered  with  a  thick  deposit,  while 
above  is  clear  water,  which  is  run  off  by 
means  of  pipes  and  valves  into  an  open 
channel  a  little  below  the  level  of  the  tank 
floors,  and  finally  enters  the  Thames  by  an 
aperture  in  the  river  wall  in  a  bright  pel- 
lucid stream.  The  mud  deposit  is  next 
swept  into  the  acidifying  tanks,  six  in  num- 
ber, and  is  treated  with  dilute  sulphuric 
acid  to  fix  its  ammonia — one  part  of  the 
acid  being  used  to  a  ton  of  the  deposit. 
The  final  step  is  to  dry  this  mud  deposit. 
When  dry,  it  is  roughly  pulverized  and 
placed  in  bags,  for  sale  as  "native  guano."' 

The  price  at  the  works  is  £3  10s.  per 
ton,  yielding,  it  is  said,  a  profit  of  30s. 
per  ton.  The  works  are  a  model  of  neat- 
ness, and  the  enterprise  is  considered  to  be 
successful,  and  is  likely  to  be  very  largely 
extended. 

The  inquiry  of  your  Committee  here  ter- 
minated. In  this  report  they  do  no  more 
than  present  to  the  Council  such  facts  as 


488 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


are  of  leading  importance,  and  maybe  most 
easily  understood  and  appreciated. 

But,  besides  these,  much  valuable  infor- 
mation has  been  collected,  which  hereafter 
must  be  of  considerable  service  in  the  car- 
rying out  of  any  scheme  for  the  treatment 
of  land  by  the  town  sewage. 

They  may  remark  that  much  of  this  in- 
formation could  only  have  been  gained  on 
the  spot,  a  fact  apparently  well  understood 
by  other  corporations  that  have  set  on  foot 
similar  inquiries. 

Your  Committee  have  been  fortunate  in 
ascertaining  what  best  to  do  in  connection 
with  sewage  application,  but  perhaps  yet 
more  fortunate  in  ascertaining  what  it  will 
be  best  not  to  attempt. 

They  cannot  be  sure  that  the  first  class 
of  information  will  bring  money  to  the  cor- 
porate funds,  but  they  are  sure  that  the 
second  will  prevent  what  else  might  have 
taken  place — its  needless  expenditure. 

PLAN  RECOMMENDED  FOR  BECCLES. 

It  only  remains  for  your  Committee,  as 
the  result  of  their  inquiry,  to  indicate  the 
plan  which  they  think  the  Council  should 
follow  in  the  treatment  and  use  of  the  town 
sewage. 

Provision  being  made  for  the  collection 
of  the  sewage  to  one  point,  special  care 
having  been  taken  to  separate  the  surface 
and  storm  waters,  they  recommend  that  a 
tank  or  tanks  be  constructed  capable,  for 
some  years  to  come,  of  containing  one  day's 
supply. 

That  suitable  machinery  be  erected  for 
pumping  the  sewage  to  the  required  height 
(from  20  to  25  ft.).  That  the  land  being 
previously  laid  out  in  proper  form,  the  sew- 
age should  be  conveyed  to,  and  distributed 
over  it  by  means  of  carriers ;  the  fluid  part 
of  the  sewage  being  thus  disposed  of,  they 
recommend  that  the  deposit  remaining  in 
the  tanks  be  treated  with  dilute  sulphuric 
acid  (a  very  inexpensive  process),  then  taken 
out  and  mixed  with  the  contents  of  dust- 
bins, street  sweepings,  etc.,  so  making  a 
valuable  manure.  In  recommending  this 
as  the  best  method,  and  perhaps  the  only 
one  applicable  to  Beccles,  they  have  taken 
into  account  what  for  some  time  must  be 
the  nature  and  amount  of  its  sewage. 

For  the  most  part  liquid,  and  very  limited 
in  quantity,  it  would  be  absurd  to  suggest 
anything  more  than  the  simplest  and  most 
inexpensive  appliances  for  its  reception  and 
distribution,  so  that  these  are  but  sufficient. 


It  would  be  equally  absurd,  remembering 
what  must  be  the  character  of  the  sewage, 
to  suggest  any  other  means  of  application 
than  by  irrigation. 

They  have  also  taken  into  account,  as 
compared  with  the  sewage  farms  they  have 
inspected,  the  position  and  nature  of  that 
part  of  the  fen  which  can  alone  be  subjected 
to  sewage  treatment. 

They  believe  that  by  the  means  suggested 
not  only  will  our  permanent  pasture  be  im- 
proved, but  that  the  land  will  be  found  ca- 
pable of  growing  successfully  rye-grass, 
cereals,  root  crops,  and  garden  produce. 
Much  of  this  may  be  accomplished  as  soon 
as  the  sewers  are  partially  brought  into  op- 
eration ;  but  when  completed,  and  a  general 
connection  of  the  houses  of  the  town  is  se- 
cured, they  have  no  doubt  a  return  will  be 
made  proportionately  equal  to  that  of  any 
town  in  the  kingdom.  This  appears  to  be 
probable ;  but  they  would  remind  the  Coun- 
cil (although  it  forms  no  part  of  their  spe- 
cial duty  to  do  so),  that,  after  all,  the  su- 
preme consideration  in  connection  with  the 
drainage  of  Beccles  is  the  health  of  its  in- 
habitants. Were  it  possible  that  any  meth- 
od in  the  treatment  or  application  of  sewage 
would  result,  not  in  a  gain  but  a  loss  to  the 
town,  who  would  not  deem  any  improve- 
ment in  the  condition  of  health  and  life  in- 
finitely more  than  an  equivalent  ?  Salus 
populi  suprema  lex.  Some  towns  will  find 
the  riddance  of  their  sewage  to  be  a  perpet- 
ual expense,  some  will  be  happily  able  to 
make  it  clear  its  own  expenses  ;  and  some, 
much  to  be  envied,  will  be  able  to  bring 
good  out  of  evil,  and  make  it  yield  a  posi- 
tive profit;  but  in  all,  the  great  point  gained, 
and  that  which  throws  all  other  considera- 
tions into  the  shade,  is  that  the  towns  are 
purified,  and  the  true  conditions  of  health 
established.  So  with  Beccles,  whatever 
may  be  the  money  results  of  the  use  of  its 
sewage — although  your  Committee  have  no 
fear  on  that  head — its  most  important  gain 
is  removed  far  beyond  the  province  of 
doubt,  and  that  gain  is  no  less  than  the 
certain  diminution  of  disease  and  the  exten- 
sion of  human  life. 


From  the  mines  of  Gilpine  county,  Colo- 
rado, nearly  600  tons  of  ore  are  raised 
daily.  There  are  83  stamp  mills,  185  en- 
gines in  place ;  4,867  horse  power,  and 
1,597  stamps.  The  deepest  shaft  sunk  is 
800  ft. 
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THE  ABTIFICIAL  DESICCATION  OF   WOOD   FOE  FUEL  AND 
ENGINEEKING  PUEPOSES.* 


From  "The  Builder." 


The  methods  hitherto  employed  to  pre-  j 
serve  the  soundness  of  timber  may  be  class-  j 
ed  under  one  or  another  of   the  following 
heads : — 

1.  Applications  to  the  surface  of  the 
wood,  to  prevent  contact  with  the  air. 

2.  Open-air  immersion  in  some  antiseptic 
liquid. 

3.  A  process  of  suction  or  filtration,  of 
which  Boucherie's  method  is  a  type. 

4.  Injection  with  an  antiseptic  fluid  with 
the  aid  of  successive  processes  of  exhaustion 
and  atmospheric  pressure. 

5.  Artificial  desiccation  in  closed  vessels, 
as  a  preliminary  to  some  one  of  the  above 
processes. 

Several  of  the  above-mentioned  processes 
have  formed  the  subject  of  valuable  me- 
moirs from  the  pen  of  the  late  M.  Payen, 
in  various  scientific  journals.  In  this  paper 
his  observations  are  designed  chiefly  "to  il- 
lustrate the  advantages  of  stove-action,  both 
in  the  simple  desiccation  of  wood  and  in 
preparing  it  for  the  aforesaid  treatment." 
Some  preliminary  remarks  are  made  upon 
the  advantages  attendant  on  the  uses  of 
thoroughly-dried  fuel  in  metallurgical  oper- 
ations and  other  industrial  processes: — 

The  presence  of  air  and  moisture  in  the 
pores  of  wood  is  one  of  the  most  active  pro- 
moters of  fermentative  action  in  the  organic 
tissues,  and  of  the  consequent  changes 
which  involve  the  ultimate  destruction  of 
the  wood.  These  changes  frequently  carry 
off  a  notable  proportion  of  heat  producing 
substances ;  in  like  manner,  the  water  con- 
tained in  the  wood,  in  the  process  of  evap- 
oration, absorbs  and  carries  off  a  portion  of 
the  heat  generated  by  the  combustion  of 
.the  surrounding  ligneous  matter,  the  heat- 
ing power  of  which  is  reduced  accordingly. 
To  obtain  a  clear  idea  of  the  advantages 
secured  by  drying  wood  intended  for  use  as 
fuel,  we  must  compare  the  volume  of  heat 
generated  by  the  combustion  of  a  given 
weight  of  dry  wood  with  that  obtained  from 
an  equal  weight  of  the  same  wood  when 
wet  or  full  of  sap.  The  comparison  may 
readily  be  made   by  taking   the   ordinary 


*  From  the  French  of  the  late  M.  Payen,  Member  of  the  In- 
stitute,— "Annalea  du  Conservatoire  des  Arts  et  Metiers/'  vol. 
x.  1871. 


chemical  composition  of  oak-wood  as  a 
standard,  and  comparing  the  equivalent 
amounts  of  carbon  which  it  represents  in 
each  state.  Now,  100  parts  of  dry  oak- 
wood  contain  50  parts  of  carbon,  6.20  hy- 
drogen, and  43.80  oxygen.  The  heating 
power  represented  by  the  carbon  must  be 
augmented  by  the  equivalent  of  the  excess 
of  hydrogen  over  and  above  that  required 
to  convert  the  oxygen  present  into  water. 
In  oak,  this  excess  of  hydrogen  is  about 
0.630,  which  would  be  equivalent  in  heat- 
ing power  to  1.89  of  carbon.  The  heating 
power  of  100  parts  of  dry  oak  is  therefore 
equal  to  50-4-1.89,  of,  51.89  parts  of  carbon, 
i.e.  of  pure  charcoal.  But  to  determine  the 
amount  of  useful  heat,  we  must  reduce  the 
above  amount  by  the  volume  of  heat  absorb- 
ed by  the  hydrogen  and  oxygen  which  pass 
off  in  combination  in  the  form  of  water. 
The  water  thus  formed  amounts  to  nearly 
50  per  cent,  of  the  component  elements  of 
the  wood,  and  the  heat  absorbed  by  it  in  the 
process  of  evaporation,  at  the  temperature 
of  combustion,  is  equivalent  to  five  parts  of 
carbon.  Consequently,  the  amount  of  use- 
ful heat  generated  by  the  combustion  of 
100  parts  by  weight  of  dry  oak-wood  is 
equal  to  50-4-1.89—5=46.87,  or  very  nearly 
that  of  47  like  parts  of  pure  charcoal. 

We  can  easily  compare  the  useful  heat 
obtainable  from  100  parts  of  wet  wood,  by 
assuming  that  oak-wood  in  this  state  will 
hold  45  per  cent,  of  water;    100  parts  by 
weight  will  thus  consist  of  .45  of  water  and 
.55  of  dry  substances.     As    100    parts   of 
dry  oak-wood   are   equivalent  to  46.89  of 
carbon,  55  such  parts  will  equal  '25.79   of 
carbon.     From  this  must  be  deducted  the 
heat  absorbed  in  the  evaporation  of  the  45 
parts  of  water,  which  will  equal  4.50  parts 
of  carbon.     The  useful  heat  obtainable  from 
100  parts  of  wet  oak  will  therefore  equal 
I  25.79-4.50,  or  21.29  parts  of  pure  char- 
coal only.     In  other  words,  to  generate  a 
i  volume  of  heat  equal  to  that  supplied  by 
i  100  parts  by  weight  of  dry  oak-wood,  we 
I  require  225  parts  of  the  same  wood  when  it 
;  contains  the  proportion  of  moisture  we  have 
j  supposed  above. 

In  addition  to  the  loss  thus  occasioned 
I  directly,  which  in  itself  is  serious  enough, 
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there  are  certain  operations — such,  as 
glass-founding,  the  fusing  and  volatilization 
of  zinc,  and  the  like — in  which  it  would  be 
impossible  to  secure  the  desired  results  with 
damp  fuel ;  the  heat  developed  would  only 
balance  the  loss  caused  by  draughts  and 
radiation.  Thus,  it  will  be  seen  that  the 
desiccation  01  fuel — always  of  essential  ser- 
vice— is,  in  certain  metallurgical  processes, 
absolutely  a  necessity.  The  preliminary 
drying  can  be  most  advantageously  per- 
formed when  it  is  possible  to  effect  it  with 
the  waste  heat  carried  away  by  the  gaseous 
products  of  combustion.  In  cases  where 
the  wood  is  to  be  injected  under  atmospheric 
pressure,  the  previous  elimination  of  the 
moisture  contained  by  it  will  be  useful  in 
many  ways,  and  is,  indeed,  essential  to  the 
penetration  of  heavy  antiseptic  preparations, 
such  as  creosote,  sulphate  of  copper,  and 
the  like. 

Two  methods  are  available  for  this  pur- 
pose : — 

1.  Natural  desiccation,  by  exposing  the 
wood  for  a  lengthened  period  to  the  air, 
sheltering  it,  of  course,  from  rain. 

2.  Artificial  desiccation,  in  stoves  of  vari- 
ous descriptions. 

Again,  it  is  obvious  that  the  impregna- 
tion of  the  wood  with  antiseptic  fluids,  in 
closed  vessels,  can  only  be  effectually  per- 
formed when  the  wood  is  in  a  sufficiently 
dry  state  to  admit  of  the  exhaustion  of  the 
air  from  its  pores,  and  the  entrance  therein 
of  the  injection.  If  damp  or  newly-cut 
wood  be  subjected  to  the  injecting  process, 
the  fluids  contained  in  the  tissues  being  con- 
fined on  all  sides,  and  virtually  incompres- 
sible, cannot  give  place  to  the  antiseptic 
liquid  whatever  may  be  the  pressure  exert- 
ed. Practically,  therefore,  injection  in  clos- 
ed vessels  is  only  feasible  when  the  wood  is 
sufficiently  dry  to  admit  of  the  exhaustion 
of  the  air  or  gases  contained  in  its  tissue 
and  their  replacement  by  the  antiseptic  fluid 
supplied  by  the  pumps.  This  fact  was  rec- 
ognized long  ago.  Hence  the  great  num- 
ber and  variety  of  apparatus  designed  for 
the  purpose.  But  in  spite  of  the  advan- 
tages which  might  fairly  be  expected  to  re- 
sult from  their  employment,  the  latter  have 
been  very  long  in  coming  into  general  use ; 
a  fact  which  may,  no  doubt,  be  explained 
by  their  high  price  and  imperfect  construc- 
tion, and  the  tediousness  and  costliness  of 
the  processes.  It  is  only  within  the  last  few 
years  past  that  the  artificial  desiccation  of 
wood  before  its  impregnation  with  an  anti- 


septic preparation  in  closed  vessels  has  been 
generally  adopted  in  practice.  Previously, 
it  was  customary  to  leave  the  wood — rail- 
way sleepers  more  especially — exposed  to 
the  air  for  a  period  of  eight  to  twelve 
months,  according  to  the  season.  This  was 
very  objectionable,  not  only  on  account  of 
the  loss  of  interest  on  the  capital  represent- 
ed by  the  wood  during  this  tedious  process, 
but  also  by  reason  of  the  injury  caused  to 
the  wood  by  atmospheric  influences,  the  ne- 
cessity for  large  and  costly  timber  yards, 
and  the  concomitant  expenditure  in  labor 
and  transport,  which  were  often  ruinously 
great. 

The  first  essays  in  the  art  of  drying  wood 
artificially  carry  us  back  to  a  period  now 
tolerably  remote.  Wollaston  and  Pourcroy 
both  recommended  the  drying  of  wood  in 
ovens.  Newmann,  a  German  chemist,  sug- 
gested another  method,  which  has  since 
been  adopted  in  a  somewhat  different  form, 
i.e.,  steaming  the  wood.  NeAvmann  placed 
the  wood  to  be  dried  in  a  large  wooden 
chest,  taking  care  to  leave  spaces  between 
the  pieces,  and  then  turned  on  the  steam 
from  a  boiler  provided  for  the  purpose. 
The  condensed  steam,  charged  with  albu- 
minous matter  taken  up  from  the  wood,  or 
rather  from  its  surface,  was  run  off  from 
time  to  time,  and  the  progress  of  the  oper- 
ation was  judged  by  the  color  of  the  water. 
When  the  latter  was  clear  and  colorless,  the 
chest  was  opened,  and  the  wood  withdrawn 
for  use,  without  further  preparation.  The 
process  would  have  been  useful  enough  if 
superheated  steam,  which  would  have 
dried  the  wood  by  absorbing  the  moisture, 
could  have  been  used,  but  the  cost  of  the 
process  would  doubtless  have  been  too  high 
to  permit  of  its  practical  application. 

In  1837,  M.  de  Mecquenem  devised  a 
method  of  desiccation  in  which  the  pieces  of 
wood  to  be  dried  were  placed  in  a  closed 
chamber,  and  subjected  to  a  current  of  hot 
air,  heated  for  the  purpose  by  a  special 
apparatus,  and  driven  by  a  blower.  The 
air  entered  by  apertures  in  the  lower  part 
of  the  chambers,  and  escaped  at  the  top, 
laden  wite  the  moisture  absorbed  from  the 
wood. 

In  1839,  M.  Charpentier  obtained  a 
brevet  d?  invention  for  a  process  of  drying 
wood  in  hermetically-closed  chambers.  The 
wood  was  subjected  to  the  action  of  air 
heated  by  contact  with  metal  plates  cover- 
ing the  flue  of  a  coke  furnace.  This  air 
entered  by  conduits  on  the  level  of  the  floor 
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of  the  chamber,  and  escaped  at  the  top, 
through  apertures  leading  into  the  chimney 
of  the  furnace.  Between  1848  and  1853, 
Bethell,  whe  had  paid  much  attention  to 
the  subject,  obtained  several  patents,  both 
in  England  and  France,  for  stoves  for  dry- 
ing wood.  In  his  English  patent  of  1848, 
and  the  subsequent  French  one  of  1853, 
we  find  a  description  of  a  peculiar  kind  of 
stove  on  the  following  plan  : — 

It  consisted  of  a  rectangular  chamber 
formed  of  three  walls,  and  vaulted  over ; 
the  whole  in  brickwork,  with  a  certain 
thickness  of  slag  in  the  centre,  to  prevent 
loss  of  heat.  One  extremity  of  the  cham- 
ber was  open,  to  admit  of  the  introduction 
of  the  wood  by  means  of  a  truck  running 
upon  longitudinal  iron  rails.  The  opening 
was  closed  with  a  double  door  when  the 
chamber  was  full.  On  the  exterior  of  the 
opposite  end  of  the  chamber  was  a  furnace 
to  burn  coal,  coke,  wood,  or  tar,  according 
as  it  was  desired  to  dry  the  wood  simply, 
or  in  the  words  of  the  inventor,  to  smoke  it, 
i.e.,  to  impregnate  it  with  the  antiseptic 
gaseous  matters  evolved  in  the  imperfect 
combustion  of  certain  tarry  substances. 
The  heated  air  or  smoke  entered  through  a 
flue  running  along  the  floor  and  branching 
at  the  end  ;  and  it  escaped,  or  was  pumped 
out  at  the  top  of  the  vaults.  Bethell  con- 
sidered that  the  interior  of  the  chamber 
should   be   kept   at   a  temperature  of  110 


Fahr.,  and  that  the  duration  of  the  pi 
should  be  regulated  by  the  condition  of  the 
wood.  His  experiments  showed  that  this 
time  varied  from  8  to  l2  hours, — the  rapid- 
ity being  attained  at  the  cost  of  a  relatively 
large  expenditure  of  fuel.  In  point  of  fact, 
the  draught  was  too  great  to  permit  of  the 
utilization  of  the  full  amount  of  heat  con- 
tained in  the  gaseous  matter,  which  escaped 
at  a  temperature  very  little  below  that  at 
which  it  entered.  The  heat  produced  by 
the  fuel  was  badly  utilized,  and  it  is  open 
to  question  whether,  under  any  circum- 
stances, large  pieces  of  wood,  such  as  sleep- 
ers, could  be  dried  in  so  short  a  time  as  8 
or  12  hours.  The  drying  could  only  be  ef- 
fected by  the  use  of  a  very  high  degree  of 
temperature,  tending  to  split  the  wood  and 
weaken  its  strength.  This  view  was  con- 
firmed by  the  results  obtained  in  a  long 
series  of  experiments  made  in  1852-3  by  an 
English  manufacturing  company,  known  as 
the  Desiccating  Company.  A  low  tempera- 
ture, and  long  continuance  of  the  drying 
process,  appear  to  be  the  conditions  essen- 
tial to  the  success  of  artificial  desiccation, 
particularly  with  wood  intended  for  cabinet- 
making,  turning,  joinery,  ornamental  work, 
etc.,  in  which  it  is  desirable,  as  far  as  pos- 
sible, to  prevent  splitting,  warping,  and 
other  changes  of  structure  in  the  material. 
These  results,  it  would  seem,  were  not  se- 
cured by  the  arrangements  above  described. 


PERMANENT  AND  TEMPORARY  STRUCTURES. 

Written  for  Van  Nostrand'a  Magazine. 


It  is  not  surprising  that  in  this  country,  j 
where,  hitherto  at  least,  all  engineering 
works  have  been  of  necessity  carried  for- 
ward by  an  ingenious  adaptation  of  what- 
ever material  may  have  been  found  at 
hand,  rather  than  by  a  careful  selection  of 
that  best  suited  to  the  required  purpose ; 
where  the  engineer  has  been  constantly  ob- 
liged, like  Franklin's  chemist,  to  "  saw  with 
a  file  and  file  with  a  saw,"  that  the  mere 
substitution  of  a  comparatively  indestructi- 
ble material  like  iron  for  wood,  should 
popularly  be  supposed  to  constitute  the  dif- 
ference between  a  "  permanent  "  and  "  tem- 
porary "  structure. 

Under  the  conviction  that  this  hasty 
classification  may  lead  to  dangerous  results, 
it  is  proposed  in  the  present  article  to 
briefly  review  the  practical  aspect  of  the 


question  in  so  far  as   it  is   connected  with 
bridge-building. 

Strictly  speaking,  of  course  there  is  no 
such  thing  as  absolute  permanency ;  but 
practically,  we  would  define  a  permanent 
structure  to  be  capable  of  lasting,  with  few 
or  no  repairs,  as  long  as  the  use  for  which 
it  was  designed  shall  exist.  "When  we  ex- 
amine the  precedents  afforded  in  the  works 
of  the  ancients,  we  see  that  though  abso- 
lute permanency  may  be  unattainable,  an 
unnecessary  degree  of  it  may  easily  be  ob- 
tained. We  see  in  all  countries  where 
Roman  arms  introduced  Soman  civiliza- 
tion, public  works,  as  viaducts,  aqueducts, 
and  the  like,  standing  as  strong  and  staunch 
as  when  first  reared  by  the  hands  of  their 
indomitable  builders,  though  the  uses  for 
which  they  were  constructed  have  long  since 
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passed  away.  They  are  instances  of  re- 
dundant strength,  produced  by  a  lavish  use 
of  the  best  material,  and  they  would  have 
equally  -well  fulfilled  their  purpose  had  they 
been  so  built  as  to  have  crumbled  to  the 
dust  ages  ago.  They  have,  in  fact,  long 
outlived  their  usefulness. 

On  the  other  hand,  while  we  have  all 
around  us  examples  of  railway  superstruc- 
ture carried  over  streams  on  rapidly  rotting 
piling,  requiring  constant  renewal,  or  at 
best  on  unpainted  and  unprotected  timber 
bridges,  we  have  not  far  to  go  for  instances 
of  the  opposite  extreme. 

A  truly  permanent  structure  requires  not 
only  the  use  of  an  imperishable  material, 
but  of  a  sufficient  quantity  of  it.  It  is  not 
enough  to  calculate  the  strain  on  each  mem- 
ber of  a  truss,  and  proportion  each  to  such 
strain,  allowing  perhaps  a  margin  of  five 
times  the  breaking  strain  to  constitute  a 
permanent  structure.  A  structure  composed 
of  elastic  materials,  as  wood  or  iron,  is  con- 
stantly in  play,  no  matter  what  precautions 
may  be  taken  to  stiffen  it,  and  is  conse- 
quently constantly  wearing  out,  exactly  as 
a  man's  coat  is.  If  a  structure,  such  as  a 
bridge  truss,  is  designed  to  be  a  permanent 
one,  this  wear  must  be  provided  for.  We 
have  no  hesitation  in  declaring  that,  viewed 
in  regard  to  wear,  there  are  but  few  iron 
truss  bridges  in  the  country  that  have  any 
claim  to  the  title  of  permanent  structures. 
Moreover,  were  it  not  that  a  croaking  en- 
gineer is  almost  as  distressing  a  spectacle 
as  a  crowing  hen,  we  would  not  hesitate  to 
predict  a  frightful  series  of  disasters,  owing 
to  the  sudden  failure  of  many  trusses  to 
meet  the  calls  upon  their  resisting  proper- 
ties— properties  which  sooner  or  later  must 
be  "taken  out"  of  them  by  the  ceaseless 
wear  upon  their  members.  "We  need  not 
remind  any  engineer  of  the  peculiar  vice  of 
iron  as  a  material  for  construction,  namely, 
its  treachery.  An  iron  tie  or  brace,  on  the 
ver3r  eve  of  rupture,  gives  positively  no 
evidence  of  weakness  to  the  most  practised 
eye.  Any  one  who  has  seen  a  wire  rope 
part  like  rotten  tow  under  less  than  its 
customary  load,  immediately  after  a  careful 
inspection,  knows  how  much  appearances 
are  to  be  trusted  in  iron  work.  We  never 
approach  the  subject  of  the  comparative 
quantities  of  different  materials  and  modes 
of  construction,  without  being  forcibly 
struck  with  its  analogy  to  human  physi- 
ology. A  deep,  light,  spider-like  truss, 
each  member  containing:  the  minimum  of 


material,  and  the  whole  set  up  so  stiff  and 
taut  with  the  counterbraces  that  it  sings 
like  a  harp  in  the  wind,  is  in  perfect  anal- 
ogy with  the  man  of  high-strung  nervous 
temperament,  who,  without  a  pound  of 
superfluous  flesh  or  muscle  in  his  frame,  is 
constantly  driven  on  by  the  goading  of  his 
nervous  system  to  the  full  extent  of  all  his 
powers  of  endurance.  In  both  cases  there 
is  no  provision  for  wear  and  tear,  and  in 
both  the  final  result  is  apt  to  be  sudden 
collapse,  when  the  over- worked  members, 
completely  worn  out,  "  strike  work"  with- 
out warning.  Both  are  very  well  in  their 
way,  but  neither  can  be  counted  on  for  con- 
tinuous and  trustworthy  effort. 

If  a  bridge  is  to  be  constructed  with  a 
view  to  safety  and  permanence,  it  must  ful- 
fil one  of  two  conditions.  Either  the  ma- 
terial of  which  it  is  composed  must  be  such 
as  to  plaiuly  indicate  symptoms  of  any  ap- 
proaching weakness,  or  else  its  members 
must  possess  immense  redundant  strength 
to  afford  abundant  margin  for  wear  and 
tear,  and  mechanical  and  chemical  change 
in  the  nature  of  the  material.  The  best 
material  for  permanent  work  is  undoubted- 
ly brick,  or  some  kinds  of  choice  stone  >  f°r 
it  is  not  subject  to  wear,  owing  to  its  non- 
elasticity,  and  besides  would  indicate  by 
craciung  any  failure  of  resisting  properties. 
Timber,  by  betraying  unmistakably  any 
approaching  weakness,  is  a  perfectly  safe 
material ;  and  though  we  hear  constantly  oi 
the  failure  of  wooden  structures,  it  is  only 
because  the  warnings  which  they  gave  of 
impending  rupture  were  unheeded.  Iron, 
on  the  contrary,  gives  no  warning,  and  be- 
trays no  weakness  by  which  one  might  be 
prepared  for  the  danger  which  menaces. 
The  only  safety  in  an  iron  bridge  is,  there- 
fore, to  proportion  its  parts  to  a  strain  vastly 
in  excess  of  any  that  can  possibly  come 
upon  it,  and  this  for  two  reasons :  first,  for 
the  actual  strength,  and  secondly,  for  the 
additional  weight,  which  secures  a  greater 
preponderance  of  the  fixed  over  the  rolling 
load.  An  iron  bridge  to  be  secure  must 
possess  sufficient  substance  to  absorb  the 
shock  of  the  rolling  strain.  The  universal 
thrill  which  runs  through  a  light,  taut  truss, 
is  very  ominous  of  a  brief  existence. 

We  do  not  in  the  least  wish  to  be  under- 
stood as  recommending  a  promiscuous  piling 
on  of  material,  merely  to  increase  the 
weight  of  a  bridge.  On  the  contrary,  the 
problem  of  the  strains  should  be  worked 
out  with  the  greatest  nicety,  quite  as  much 
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so  as  if  not  a  superfluous  pound  of  material 
beyond  the  most  strictly  necessary  amount 
were  to  be  put  in  ;  but  having  thus  found 
the  position  and  magnitude  of  each  strain, 
it  should  be  provided  for  by  an  immense 
excess  of  material  if  the  structure  is  in- 
tended to  answer  to  the  requirements  of  a 
permanant  one.  Moreover,  the  truss  should 
in  all  cases  be  well  counterbraced,  not  as  a 
remedy  for  the  shakiness  of  a  too  slight 
structure,  but  as  a  preventive  against  its 
appearance. 

It  may  savor  of  old  fogyism,  but  we  can- 
not withold  the  assertion  that  the  only  true 
form  for  a  permanent  iron  bridge  is  the 
plate,  or  tubular  girder.  It  is  undoubtedly 
the  least  economical  form,  as  requiring  the 
most  material  for  a  given  resistance,  but 
it  is  the  safest  and  most  staying ;  and  if 


ever  iron  gives  warning  of  impending  fail- 
ure, it  is  when  in  the  form  of  riveted  plates. 
On  the  other  hand,  the  combination  which 
requires  the  least  material  for  a  given 
strength,  namely,  the  AVarren  system,  ag- 
gravates in  a  singular  degree  all  the  worst 
defects  of  iron  as  a  material  for  construction. 
Iron,  as  a  building  material,  is  still  on  its 
trial ;  what  little  we  know  of  its  conduct 
under  stress  points  to  the  fact  that  it  can- 
not be  depended  upon  to  resist  strains  at 
all  approaching  its  final  limit.  The  ques- 
tion of  how  far  permanency  should  be 
sought  at  increased  first  cost,  is  one  that 
can  only  be  answered  for  each  particular 
case  in  which  it  may  arise.  But  there 
should  be  no  misapprehension  as  to  what  is 
a  permanent  and  what  a  temporary  struc- 
ture. 


INDIAN  NAKROW  GAUGE  BAIL  WAYS. 

From    "The  Engineer." 


The  results  of  the  labors  of  the  commis- 
sioners appointed  by  Govei'iiment  to  inquire 
into  the  working  capabilities  of  the  narrow 
gauge,  and  its  applicability  to  the  require- 
ments of  our  Indian  empire,  are  now  appa- 
rent. A  contract  has  been  entered  into  for 
the  construction  of  a  line  with  a  gauge  of 
3  ft.  8^  in.,  which  will  ultimately  consti- 
tute a  portion  of  the  through  communication 
from  Bombay  to  the  North- Western  Pro- 
vinces. The  proposed  line  connects  Kund- 
wah,  a  station  on  the  Great  India  Peninsula 
Kailway,  with  Indoor,  a  city  lying  on  the 
northern  side  of  the  river  Nerbudda,  about 
70  miles  distant.  This,  however,  will  be 
but  the  first  link  in  the  chain  uniting  Kund- 
wah  with  Agra,  a  principal  station  on  the 
East  Indian  line,  connecting  Calcutta  with 
Delhi.  At  present  there  is  a  junction  at 
Jubbulpoor  of  the  Great  Indian  Peninsula 
and  East  Indian  Railways,  so  that  the  route 
from  Bombay  is  unbroken  to  both  Calcutta 
and  Delhi.  The  new  line  will  not  affect 
the  through  traffic  from  Bombay  and  all 
places  south-west  of  Kundwah  to  Calcutta, 
but  it  will  very  seriously  affect  the  traffic 
from  the  same  places  passing  to  Agra  and 
Delhi  and  all  the  towns  on  the  East  Indian 
Railway  north  of  the  junction.  The  distance 
from  Kundwah  to  Agra  by  the  existing 
route  is  nearly  800  miles,  but  when  the 
more  direct  one  is  established  it  will  be 
about  480  miles,  thus  being  reduced  nearly 


one-half.  It  is  an  open  question  whether 
the  main  route  from  Bombay  to  Calcutta 
should  not  have  been  laid  out  more  to  the 
south  and  more  direct  than  it  has  been  ;  but 
many  years  must  elapse  before  it  will  be 
possible  to  decide  whether  the  principal 
railways  in  India  have  been  laid  out  on  a 
better  plan  than  that  which  has  character- 
ized those  at  home.  It  must  in  fairness  be 
kept  in  view  that  there  are  certain  condi- 
tions attending  the  former  which  do  not 
obtain  in  the  latter.  In  a  dependency,  the 
allegiance  of  which  to  the  ruling  country 
must  be  maintained  by  the  sword,  reasons 
of  a  purely  military  character  must  have 
considerable  influence  upon  the  selection 
and  determination  of  all  main  routes  of  in- 
tercommunication, whether  they  take  the 
form  of  navigable  canals,  railways,  or  ordi- 
nary roads.  The  simplest  method  of  ar- 
resting sedition  and  rebellion  is  to  possess 
the  power  of  rapidly  concentrating  a  large 
military  force  upon  any  particular  locality. 

Many  persons  will  be  inclined  to  think 
that  the  Indian  authorities,  having  in  one 
sense  committed  themselves  to  a  gauge  of 
certain  dimensions,  ought  not  to  change  it- 
It  is  not  of  any  practical  use  now  to  consid- 
er whether  that  gauge  should  ever  have 
been  adopted ;  but  even  supposing  that  its 
capabilities  are  not  far  in  excess  of  any  duty 
that  can  possibly  be  demanded  of  them, 
there   is   not   the  slightest  reason  that  all 
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future  lines,  feeders,  or  others,  should  be 
constructed  on  a  similar  scale.  Though  it 
is  true  that,  the  main  lines  are  of  too  broad 
a  guage,  they  form,  comparatively  speaking, 
but  a  mere  tittle  of  the  railways  that  must 
eventually  cover  the  map  of  India,  so  that 
the  authorities  are  as  yet  but  very  partially 
committed  to  any  particular  width  of  track. 
While  it  can  hardly  be  asserted  that  rail- 
ways of  a  gauge  of  5  ft.  6  in.  are  absolute- 
ly necessary  to  meet  the  exigencies  of  In- 
dian traffic,  or  the  contingencies  of  military 
operations,  yet  bearing  in  mind  what  great 
interests  might  be  at  stake  when  rapid  and 
abundant  means  of  transport  might  be  re- 
quired, the  error,  so  far  as  it  has  gone,  has 
been  on  the  right  side.  That  the  cities  of 
Calcutta,  Bombay,  Madras,  Delhi,  and  other 
important  commercial  and  strategical  foci\ 
should  be  connected  by  a  system  of  com- 
munication affording  large  facilities  for  the 
transport  of  men  and  material,  will  be  uni- 
versally admitted.  Can  this  be  adequately 
accomplished  upon  a  gauge  of  3|  ft?  By 
judicious  and  skilful  management,  and  in 
the  hands  of  an  able  and  experienced  traffic- 
manager,  a  great  amount  of  Avork  could  be 
got  out  of  a  line  on  the  small  gauge  men- 
tioned ;  but  still  there  are  limits  to  its  re- 
sources. Our  views  are  that  a  few,  a  very 
few  comparatively,  main  routes  should  be 
laid  out  with  great  care  and  discrimination, 
so  as  to  embrace  the  principal  cities  of  a 
country  such  as  India,  and  no  others. 
These  may  be  of  a  larger  gauge  than  the 
secondary  or  subsidiary  routes,  which  would 
act  in  the  double  capacity  of  forming  links 
of  intercommunication  between  towns  of  in- 
ferior importance,  and  at  the  same  time  be- 
come valuable  feeders  to  the  main  arteries. 
If  all  the  lines  in  a  country  are  constructed 
upon  the  same  gauge,  it  is  equivalent  to 
making  all  the  roads  turnpike  roads.  There 
are  generally  three  kinds  of  roads — the 
turnpike,  the  public,  and  the  occupation  or 
farm  road.  No  farmer  would  think  of 
constructing  his  occupation,  or  private  road, 
of  the  same  dimensions  as  the  highway, 
any  more  than  he  would  use  a  four-wheeled 
wagon  and  a  pair  of  brewer's  horses  to  haul 
a  quarter  of  a  load  to  the  market.  If  any 
proof  is. required  of  the  financial  mistake  of 
constructing  lines  of  gauges  in  excess  of  the 
duty  required  of  them,  it  is  to  be  found  on  our 
branch  lines.  On  arriving  at  a  junction  of 
one  of  the  latter  with  a  main  line,  it  is  a 
common  circumstance  to  witness  an  engine 
of  the  same  size  and  power  as  the  one  which 


has  hauled  an  express  train  of  sixteen  or 
seventeen  carriages  coupled  to  two  carriages 
and  a  guard's  van.  The  haulage  power 
remains  constant  whether  the  load  is  a 
maximum  or  a  minimum.  It  is  no  wonder 
that  branch  lines  live  on  the  parent  one  ;  if 
they  did  not  they  would  speedily  collapse,  as 
they  do  not,  one  out  of  twenty,  possess 
independent  means  of  existence  and  sup- 
port. 

The  objection  which  is  now  raised  against 
the  construction  of  the  small  gauge  lines  in 
India  is  the  same  which  has  always  been 
put  forward  under  similar  circumstances. 
It  is  the  break  of  gauge.  This  has  always 
been  the  bugbear  attending  the  introduc- 
tion of  a  small  gauge  when  a  larger  one  is 
already  in  existence,  and  its  effect  has  been 
to  cause  companies  and  , shareholders  to 
persist  in  an  error,  instead  of  acknowledg- 
ing it  and  setting  to  work  to  rectify  it. 
That  a  break  of  gauge  is  not  a  circumstance 
to  be  desired,  any  more  than  a  change  of 
carriage,  although  the  latter  may  involve 
no  greater  hardship  than  stepping  out  of 
one  carriage,  walking  a  few  yards,  and  get- 
ting into  another,  every  one  will  admit. 
But  on  this  account  alone  to  adhere  to  a 
system  which  past  experience  has  proved 
beyond  the  possibility  of  doubt  to  be  false 
in  both  theory  and  practice,  is  the  extreme 
of  folly.  If  the  question  of  a  break  of 
gauge  be  inquired  into,  it  will  be  found  to 
be  little  more  than  an  inconvenience  at  the 
most.  So  far  as  passengers  are  concerned 
it  resolves  itself  simply  into  a  change  of 
carriage,  and  this  happens,  on  railways  of  a 
uniform  gauge,  as  a  rule,  at  every  junction 
station  to  the  traveller  quitting  the  main 
line  for  the  branch  line  or  vice  versa.  With 
goods  traffic  the  case  need  not  present  any 
much  greater  difficulty.  It  is  needless  to 
remark  that  the  old  idea,  which  is  still  en- 
tertained by  some,  that  the  contents  of  the 
one  whole  goods  train,  truck  by  truck, 
would  have  to  be  transferred  in  detail  into 
those  of  the  other,  has  long  ago  exploded. 
The  only  trucks  that  would  ever  be  filled, 
or  packed  with  goods,  would  be  those  be- 
longing to  the  smaller  gauge.  On  arriving 
at  a  junction  these  would  be  lifted  by 
cranes  bodily  off  their  frames  into  the  larger 
trucks — or  the  equivalent  of  such  trucks, 
probably  only  frames,  wheels,  and  axles — 
without  the  contents  of  the  former  being  in 
any  manner  disturbed.  The  reverse  of  the 
operation  would  attend  the  return  journey. 
The  larger  trucks   and  wagons  would,  in 
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fact,  except  where  their  contents  were  con- 
signed to  stations  on  their  own  gauge,  act 
merely  as  carriers  of  their  smaller  brethren. 
There  would,  of  course,  be  no  difficulty  in 
arranging  the  relative  dimensions  of  the 
different  sized  trucks,  so  that  two  or  more 
of  the  smaller  might  fit  into  one  of  the 
larger  without  the  loss  of  any  appreciable 
carrying  space.  We  will  not  now  dispute 
whether  the  construction  of  the  existing 
railways  in  India  on  the  5  ft.  6  in.  gauge 
was  an  error  or  not.  We  are  inclined  to 
think  not ;  but  of  one  thing  we  are  quite 
certain — it  is,  that  the  construction  of  future 
lines  on  a  gauge  of  that  magnitude  would 
be  a  very  serious  blunder,  and  one  that 
might  eventually  paralyze  the  further  pro- 


secution of  railways  in  a  country  in  which 
they  are  so  greatly  needed.  No  doubt, 
when  once  a  certain  plan  has  been  laid 
down,  and  a  certain  system  proposed  to  be 
adhered  to,  it  requires  some  detei-mination 
and  sound  judgment  on  the  part  of  those 
who  are  responsible  for  the  course  hitherto 
adopted,  to  admit  that  a  continuance  of  it 
would  be  prejudicial  to  the  interests  of  the 
country.  The  more  credit  is  therefore  due 
to  them  for  the  acknowledgment,  and  their 
endeavor  to  rectify  whatever  mistake  may 
have  been  committed.  The  introduction  of 
the  small  gauge  lines  in  India  will  develop 
the  resources  of  that  vast  empire  to  a  de- 
gree to  which  all  previous  attempts  will 
bear  no  comparison. 
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Admiral  Sir  Leopold  McClintock,  F.E.S., 
Superintendent  of  Portsmouth  Dockyard, 
presided  lately  at  a  meeting  of  the  officers 
of  the  two  services  at  Portsmouth  Dock- 
yard, on  Priday,  17th  May,  when  Com- 
mander William  Dawson,  P.  N.,  told  the 
story  of  the  7 -in.  gun.     He  said  : 

"The  ablest  artillery  authorities  are 
agreed  that  a  new  system  of  rifling  must  be 
sought  for  the  heavier  guns  if  they  are  to 
throw  shells  of  adequate  length,  and  to  en- 
dure rapid  continuous  fire,  such  as  they 
will  be  subject  to  in  well-contested  naval 
actions  or  in  bombardments.  It  behooves 
artillerists,  then,  to  study  the  mechanical 
principles  which  distinguish  the  few  sys- 
tems of  rifling  which  have  been  successfully 
tested,  with  a  view  to  observing  their  rela- 
tive merits,  and  to  forming  intelligent 
opinions  on  such  schemes  as  may  be  pre- 
sented for  adoption.  Now,  seamen  have 
great  opportunities  of  close  observation, 
and,  if  they  will  only  collect  and  collate 
numerous  facts,  may  add  greatly  to  the 
stores  of  knowledge,  and  they  may  enable 
artillerists  to  deduce  from  those  facts  some 
of  the  true  principles  of  science.  After  the 
expenditure  of  two  and  a-half  millions 
sterling  in  five  years,  the  Duke  of  Somerset 
confessed,  in  1863,  that  the  country  had  no 
better  gun  than  the  68-pounder  ;  and  al- 
though the  Armstrong  projectiles  had  been 
tried,  there  was  no  prospect  of  supplying 
our  iron-clads  with  heavy  rifled  guns,  and, 


I  in   despair,    the    Admiralty   insisted    upon 
having  various  heavy  smooth  bores. 

"  Thus  matters  stood  when,  in  1863,  a 
heavy  gun  competition  was  determined 
upon  with  a  view  of  ascertaining  which  of 
five  competing  systems  of  rifling,  viz.,  the 
Bashley  Britten,  Jeffery,  Lancaster,  Scott, 
and  the  French  or  Woolwich,  should  be 
preferred.  Four  Land  Service  7 -in.  guns 
of  7 1  tons  were  accordingly  rifled  on  these 
principles.  From  various  causes  the  com- 
petition dwindled  down  to  a  trial  between 
the  French  and  the  Scott  gun.  And  of 
these  it  was  reported  that  '  the  shooting 
qualities  of  these  guns  are  so  nearby  alike 
that  the  Committee  feel  they  may  rest  their 
recommendations  of  the  one  or  the  other 
system  upon  other  and  more  general  con- 
siderations, and  they  have  finally  deter- 
mined to  record  their  unanimous  opinion  in 
favor  of  the  so-called  French  system:  1st, 
because  of  the  simplicity  of  its  studding  on 
the  projectiles ;  2d,  the  simplicity  of  the 
grooving ;  and  3d,  from  a  disposition  to 
admit  of  the  advantage  of  an  increasing 
over  a  uniform  spiral,  which  has  b^en 
strengthened  by  the  present  trial.  This 
advantage  can  best  be  realized  with  a 
short  bearing  on  two  points.'  The  French 
gun  itself  gave  a  somewhat  different  re- 
port, for,  being  examined  by  the  Inspector 
of  Ordnance  after  the  567th  round,  the  up- 
per groove  was  found  cracked  for  8  in.  in 
length,  just  where  the  upper  foremost  stud 
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struck  it  in  starting ;  dents  were  found  in 
the  lands  and  grooves,  about  the  same  spot ; 
the  loading  side  of  the  lower  groove,  for  a 
length  of  12  in.,  just  where  the  lower  stud 
in  coming  into  bearing  inflicts  a  heavy 
blow  on  the  rilling,  was  much  worn  ;  about 
the  same  point,  viz.,  from  15  in.  to  33  in. 
from  the  bottom  of  the  bore,  the  bore  was 
enlarged  as  much  as  .049  in.  ;  and  such 
other  injuries  were  inflicted  by  its  wobbling 
projectiles  that  (the  Inspector  said)  '  this 
gun  should,  in  future,  be  fired  "  under  pre- 
caution." '  Thus,  at  the  567th  round,  the 
gun  with  the  three  merits  enumerated  was 
added  to  the  '  Cemetery  of  Suicides.'  On 
the  other  hand,  the  Scott  gun,  which  had 
fired  417  iron-ribbed  centring  projectiles, 
had  its  grooves  and  lands  as  perfect  as 
when  it  left  the  factory,  the  only  damages 
being  those  common  to  both,  and  due  to 
the  conical  form  of  chamber,  the  destructive 
qualities  of  which  were  not  then  under- 
stood. The  Admiralty  (advised,  no  doubt, 
by  the  then  Captain  of  the  Excellent,  the 
present  Admiral  A.  Cooper  Key),  preferring 
the  report  which  the  projectiles  had  writ- 
ten in  their  respective  guns  to  that  ema- 
nating from  the  Committee,  asked  to  have 
Scott's  gun  sent  to  the  Excellent  for  fur- 
ther trial ;  but  the  President  of  the  Com- 
mittee anticipated  the  application  by  boring 
up  the  gun  to  8.03  in.  bore,  by  which  it 
was  rendered  utterly  useless  for  any  pur- 
pose whatever  from  that  day  to  this." 

After  describing  the  "  simplicity  "  of  the 
Scott  centring  iron-bearing  projectile,  and 
the  peculiaiities  of  its  construction,  Com- 
mander Dawson  proceeded:  "The  distri- 
bution of  strain  and  the  perfect  centring 
in  the  bore  fully  account  for  the  grooves 
having  been  as  perfect  at  the  end  of  the 
competition  as  when  the  gun  left  the  fac- 
tory. It  also  explains  why  the  centring 
shot  of  the  same  weight,  fired  with  similar 
charges,  escaped  out  of  its  gun  so  much 
more  readily  than  the  French  or  Woolwich 
one,  striking  a  far  heavier  blow.  Thus, 
with  110-lb.  shot,  the  Scott  gun  struck, 
with  a  25-lb.  charge,  a  muzzle  blow  133 
ft.-tons  heavier  than  its  rival ;  with  a  20- 
lb.  charge,  it  struck  a  blow  121  ft.-tons 
heavier  ;  and,  with  a  12-lb.  charge,  it  struck 
a  blow  27  ft.-tons  heavier.  No  wonder 
that  the  Committee  reported  that  '  the 
Erench  gun  has  decidedly  the  lowest  ve- 
locities.' 

"Thwarted  in  their  desire  to  test  the 
Scott  gun  on  board  the  Excellent,  the  Ad- 


miralty next  objected,  in  1865,  to  the  in- 
creasing spiral  which  had  no  doubt  aided 
in  producing  such  deplorable  results  in  the 
French  competitive  gun  ;  and,  '  at  the  re- 
quest of  His  Grace  the  Duke  of  Somerset, 
who  desired  to  test  the  relative  qualities  of 
increasing  and  uniform  twists,'  two  7-in. 
6. -ton  guns  were  tried  with  French  or 
AVoolwich  rifling,  but  with  the  two  kinds 
of  spirals,  each  ending  in  one  turn  in  37 
calibres.  It  was  found  that  by  adopting  a 
uniform  spiral  the  velocity  of  muzzle  blow 
of  the  French  rifled  gun,  using  115;,-lb. 
shot  and  22-lb.  charges,  might  be  increased 
21.2  ft.,  or  56  ft.-tons  ;  and  that  then  'the 
blow  struck  by  the  one  shot  on  leaving  the 
muzzle,  would  be  to  that  struck  by  the 
other  as  100  to  103.'  Even  then  the  muz- 
zle blow  of  the  uniform  spiral  7-in.  French 
gun  was  196  ft.-tons  less  than  that  given 
by  the  Scott  gun — albeit,  this  French  gun 
was  one  ton  lighter.  Strange  to  say,  the 
Committee  still  held  to  their  third  merit  of 
the  French  gun,  viz.,  '  a  disposition  to  ad- 
mit of  the  advantage  of  an  increasing  over 
a  uniform  spiral.'  But  the  Admiralty, 
backed  no  doubt,  by  the  Captain  of  the  Ex- 
cellent, and  encouraged  by  dissentient  ar- 
tillery officers,  were  obdurate,  and  would 
not  have  what  was  then  regarded  as  the 
only  heavy  broadsido  gun  rifled  with  an  in- 
creasing spiral.  The  War  Department, 
though  silenced  as  to  the  7-in.  gun,  was 
not  convinced  ;  and,  persisting  in  '  the  dis- 
position to  admit  of  the  advantage  of  an  in- 
creasing over  a  uniform  spiral,'  ultimately 
succeeded  in  having  their  own  way  with 
the  heavier  guns  subsequently  introduced. 
Though  the  adoption  of  the  uniform  spiral 
7-in.  French  rifled  guns  has  prolonged  their 
fives  far  beyond  that  of  their  illustrious  an- 
cestor, the  disabled  competitive  gun,  it  has 
not  wholly  counteracted  the  decay  of  nature. 
The  grooves  of  the  7-in.  guns  of  the  Favor- 
ite were  found  marked  by  the  over-riding 
of  studs  when  that  ship  returned  from  the 
West  Indies.  The  7-in.  gun  of  the  Eed- 
wing  was  found  split  at  the  muzzle  at  the 
881st  round ;  another  in  the  Warrior  had 
its  bore  dented  by  its  projectiles  ;  and  a 
fourth,  in  the  Eoyal  Oak,  was  found  simi- 
larly injured.  A  7-in.  68-pounder  of  95 
cwt.  had  the  inner  part  of  its  grooves  en- 
larged by  the  action  of  the  studs,  in  1871 ; 
and  in  1870,  another  similar  gun  was,  by 
the  action  of  its  wriggling  projectile,  burst 
violently  at  the  first  round  in  76  pieces, 
which  Avere  thrown  over  an   area   of  580 
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yards  by  150  yards.  Still,  as  compared 
with,  the  original  7-in.  gun  with  increasing 
spiral,  the  endurance  may  be  regarded  as 
very  tolerable. 

"But  endurance  is  not  the  only  quality 
required  in  a  good  naval  gun.  The  prob- 
lem is,  '  How  to  evolve  the  maximum 
amount  of  useful  work  out  of  a  given 
weight  of  gun.'  Now,  a  shell  perforated 
with  two  rings  of  holes,  each  8  in.  deep, 
and  1.6  in.  diameter,  into  which  gun  metal 
studs  are  swedged  cold,  and  upon  which 
the  whole  effort  of  rotation  is  concentrated, 
must  have  much  thicker  walls,  and  conse- 
quently much  smaller  powder  capacity,  to 
be  equally  strong  with  a  shell  which  has 
no  such  weakening  holes,  but  has  iron 
flanges  of  strengthening  buttresses  cast 
upon  its  outside.  Again,  the  object  of 
rifling  a  gun  at  all  is  to  spin  the  projectile 
so  perfectly  that  it  shall  '  sleep '  like  a 
boy's  peg-top  when  well  spun,  and  not 
wobble  like  the  same  top  when  badly  spun. 
A  well-spun  shot  flies  through  the  air,  point 
foremost,  making  a  sharp  '  whizzing'  sound, 
such  as  every  rifleman  is  familiar  with.  A 
sharp  '  whiz  '  indicates  that  the  bullet  has 
been  centred  in  the  bore,  and  that  the 
rifling  has  done  its  work  well.  But  an  in- 
termittent '  puffing '  noise  in  the  air  indicates 
eccentric  gyrations,  which  have  been  im- 
pressed upon  the  projectile  whilst  still  in 
the  gun.  A  '  puffer '  in  the  air  is  necessar- 
ily a  '  wobbler  '  in  the  bore  ;  and,  though 
the  '  puffer '  reaches  its  destination  in  due 
time,  its  range  is  decreased  by  the  expen- 
diture of  effort  in  '  dancing,'  instead  of 
walking  the  distance. 

"  Thus,  it  so  happened  that  when  Scott 
spoilt  his  iron-ribbed  shot  by  putting  on  it 
a  soft  zinc  facing,  it  gave,  with  a  20-lb. 
charge,  11  ft.  less  initial  velocity  than  the 
'  French '  or  Woolwich  one ;  but  it  was  so 
much  better  rotated  that  at  5  deg.  eleva-> 
tion  it  reached  97  yards  farther,  showing 
that  the  Woolwich  studded  shot  had  been 
expending  much  of  its  force  in  the  '  giddy 
dance,'  Avhilst  the  Scott  shot  was  sticking 
to  its  work  with  becoming  sobriety  of  de- 
meanor. The  original  cause  of  difficulty  of 
escape  and  of  disproportionate  range  is  not 
far  to  seek.  As  the  Woolwich  projectile 
sits  in  its  seat  in  front  of  the  powder 
charge,  it  rests  upon  the  two  lower  studs, 
no  other  part  of  the  shot  touching  the  bore. 
The  centre  of  the  shot  is,  therefore,  below 
the  centre  of  the  bore,  and  there  is  a  con- 
siderable space  above  the  shot,  the  loading 
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side  of  the  two  lower  studs  touching  that 
side  of  the  lower  groove.  When  the  charge 
is  ignited  a  horizontal  blow  is  inflicted  on 
the  base  of  the  shot  above  its  centre,  and 
the  gases  escaping  above  it  strike  also  a 
downward  blow  in  the  rear.  The  shot  be- 
ing balanced  on  two  studs  has  its  rear 
struck  downwards,  and  its  front  tipped  up- 
wards by  the  escaping  gases.  Ths  origi- 
nates a  vertical  hammering  action,  which 
shows  itself  sometimes  by  flattening  the 
lower  rear  stud,  by  spiking  the  lower 
groove  about  12  in.  forward  of  the  seat  of 
the  rear  stud,  by  spiking  the  upper  groove 
about  12  in.  forward  of  the  spot  over  the 
seat  of  the  fore  stud,  by  scoring  the  base 
of  the  shot,  or  by  flattening  in  certain 
cases  the  seat  of  the  shot.  Moreover,  the 
lower  studs,  resting  at  the  bottom  of  a 
curved  groove,  necessarily  come  into  bear- 
ing on  the  driving  side  before  the  other 
studs,  which  have  a  less  deep  hold  of  the 
other  grooves.  Each  set  of  studs  comes 
thus  into  driving  bearing  successively,  im- 
parting a  succession  of  blows  which  result 
in  a  lateral  wriggling  motion.  Should  the 
lower  rear  stud  have  been  flattened  by  the 
vertical  blow  of  the  escaping  gases,  it  will 
come  into  driving  bearing  at  a  still  earlier 
period  than  its  fellows.  As  the  projectile 
proceeds  along  the  bore,  another  set  of 
studs  occupy  the  lower  position,  and  as 
these  have  not  suffered  either  from  the  ver- 
tical blow  of  the  escaping  gases  or  from  the 
side  blow  of  first  coming  into  bearing,  their 
force  is  unaltered,  and  they  take  the  groov- 
ing at  a  less  depth,  again  altering  all  the 
bearings  of  the  several  stud  rows. 

"  We  have  thus  a  succession  of  lateral 
wriggling  motions  imparted  to  the  projec- 
tile as  it  turns  round  in  its  passage  along 
the  bore.  When  t  an  increasing  spiral  is 
superadded  to  the  difficulties  placed  in  the 
way  of  the  shot's  escape,  it  is  evident  that 
the  muzzle  strains  must  be  greatly  en- 
hanced, and  that  the  major  part  of  the 
work  of  rotation  must  be  borne  by  the  one 
rear  stud  in, the  lower  groove.  Indeed,  it 
has  been  found  that,  by  cutting  away  the 
front  studs  and  several  of  the  rear  one?, 
the  wriggling  is  not  so  very  much  worse 
than  when  they  are  all  present,  showing 
that  the  work  of  rotation  is  really  shared 
by  very  few  of  the  studs.  As  the  centre  of 
the  French  shot  does  not  rise  to  the  centre 
of  the  piece,  the  principal  powder  action  on 
its  rear  is  ^above  the  centre  all  along  the 
bore  in  its  exit.      So  that  we  have  in  the 
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non-centring  Woolwich  stud  sj'stem  a  I 
maximum  of  lateral  wriggling  and  vertical 
hammering,  and  a  minimum  of  rotary 
power.  The  natural  result  is  that  the  pro- 
jectiles are  imperfectly  spun,  and  the  sure 
index  that  it  is  so  is  the  '  puffing'  noise  with 
which  every  naval  officer  is  familiar.  But 
Lai  spinning  necessitates  a  short  shell  or 
a  short  range.  The  double  shell  for  the  7- 
in.  gun  is  not  4  calibres  in  length,  and  con- 
tains only  12|  lbs.  bursting  charge.  Yet 
we  are  officially  told  that  '  these  shells  roll 
considerably,'  and  that  '  it  is  not  contem- 
plated  to  fire  it  at  long  ranges,  as  its  flight 
would  be  inaccurate.'  In  other  words,  this  ; 
shell  would  go  flop  (broadside  on)  against  j 
an  object  only  1,000  yards  distant,  and  I 
would  have,  therefore,  little  or  no  penetra-  j 
tion.  The  obvious  means  of  remedying 
this  fault  would  be  to  increase  the  angle  of 
spiral  in  the  gun,  as  Sir  Joseph  Whitworth 
has  proved  that  even  with  a  long  bearing 
in  each  groove,  one  turn  in  35  calibres  is 
only  sufficient  for  projectiles  3  calibres  in 
length,  and  that  one  turn  in  23  calibres 
will,  if  properly  gripped,  spin  a  shot  of  5 
diameters.  But  this  expedient  cannot  be 
resorted  to  on  the  stud  system,  as  neither 
the  grooves  nor  projectiles  will  stand  so 
rapid  a  twist. 


"  The  highest  artillery  authorities  are 
alive  to  this  failure  of  rotation;  and  the 
question  of  long-bearing  centring  projec- 
tiles versus  the  short-bearing  non-centring 
system,  is  under  consideration.  Are  naval 
men,  with  all  their  great  experience,  so 
incompetent  to  pronounce  upon  their  own 
weapons,  that  its  decision  will  be  left  in  the 
hands  of  a  committee  composed  of  six  mili- 
tary men,  with  one  naval  officer  to  preserve 
appearances  ?  So  long  as  the  Navy  does 
its  duty  in  keeping  hostile  fleets  afar  off,  no 
military  gunner  will  ever  have  an  opportu- 
nity of  firing  a  hostile  shot  from  a  heavy 
gun. 

"  But  in  performing  this  duty  we  shall 
have  to  use  these  heavy  guns  pretty  freely. 
Does  the  one  naval  voice  to  six  military 
ones  fairly  represent  the  past  experience  or 
the  future  service  of  the  two  professions  in 
the  use  of  heavy  guns  ?  The  simple  ex- 
planation of  this  anomaly  is,  that  what  our 
military  brethren  lack  in  experience  they 
make  up  in  knowledge.  And  if  the  Navy 
is  to  hold  its  own  in  professional  matters, 
it  must  proclaim  open  war  against  ignor- 
ance of  science,  and,  taking  to  heart  the 
motto  of  the  Junior  Naval  Professional  As- 
sociation, remember  that  '  Knowledge  is 
Power.'  " 


ECONOMY  OF  FUEL  IN  STEAM  NAVIGATION.* 

By  MR.  F.  J.  BRAMWELL. 
From  "Engineering." 


The  writer  stated  that  he  had  often  been 
struck  by  the  indifference  to  the  question  of 
economy  in  fuel  which  for  so  many  years 
prevailed  among  the  constructors  and.  the 
users  of  marine  steam  engines,  and  by  the 
fact  that,  whilst  wonderful  progress  was 
made  in  the  increase  of  the  speed  of  the 
ships,  the  quantity  of  fuel  burned  seemed 
not  to  be  cared  about,  and  excess  in  this 
respect  was  not  looked  upon  as  a  reproach 
to  marine  engineering.  In  these  days, 
when  ships  were  tried  for  speed  at  the 
measured  mile  so  carefully,  to  ascertain  the 
last  portion  of  a  knot  that  could  be  got  out 
of  them,  the  question  as  to  the  quantity  of 
coals  burned  in  obtaining  this  speed  was 
never  raised,  and  the  suggestion  that  there 
was  still  a  more  important  trial  to  be  made 


*  Abstract  of  paper  read  before  the  Institution  of  Mechanical 
Engineers  at  Liverpool. 


— a  trial  as  to  the  consumption  of  fuel — ■ 
was  never  thrown  out.  The  astonishment 
that  was  felt  on  looking  back  at  this  long- 
continued  apathy  as  to  the  consump- 
tion in  marine  propulsion  was  increased 
when  it  was  considered  that  the  mine  owner, 
the  water  works  engineer,  the  locomotive 
superintendent,  and — last,  by  no  means 
least — the  manufacturer  of  portable  agri- 
cultural engines,  had  all  along  been  trying 
to  find  out  to  what  extent  economy  could  be 
obtained,  although  not  one  of  them  had 
really  so  much  cause  to  search  after  saving 
as  had  the  proprietors  of  ocean-going  steam- 
ers or  the  builders  of  marine  engines.  He 
believed  this  indifference  to  have  arisen 
from  various  causes,  amongst  which  was 
the  fact  that  steam  navigation  in  the  outset 
was  confined  to  coasting  voyages  or  pas- 
sages across  the  Channel,  and,  under  the 
circumstances,  the  quantity   of  coal  to   be 
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stored  in  the  bunkers  was  comparatively 
small,  whilst  owners  were  content  with  a 
very  slow  rate  of  speed.  The  opening  of 
new  outlets  for  industry,  requiring  boats 
that  could  perform  long  voyages,  led  to  a 
demand  on  the  part  of  steamship  owners  for 
more  economical  steam  engines.  There 
was  a  general  opinion  that  marine  engines 
were  not  suitable  for  the  use  of  high-pres- 
sure steam  ;  but  compound  engines  having 
been  tried,  with  the  use  of  high-pressure 
steam,  the  beneficial  results  obtained  in- 
duced owners  almost  universally  to  adopt 
them  for  vessels  going  long  voyages  ;  in- 
deed, so  great  were  the  advantages  found 
to  be,  that  most  of  the  large  steamboat 
companies  had  the  original  single-cylinder 
engines  in  their  existing  ships  replaced  by 
compound  ones.  It  was  still  an  open  ques- 
tion, however,  whether  the  same  effect  ob- 
tained by  the  compound  cylinder  could  not 
be  obtained  by  the  single  cylinder  working 
expansively,  either  arranged  so  that  the 
expansion  could  not  be  tampered  with,  or 
else  put  into  the  hands  of  truly  intelligent 
men  who  would  not  throw  the  expansion 
out  of  the  gear.  Theoretically,  there  could 
be  no  doubt  that  steam  could  be  as  advan- 
tageously expanded  in  one  cylinder  as  in 
two,  and  even  more  advantageously,  on  ac- 
count of  a  certain  loss  in  the  passages  be- 
tween the  two  cylinders  of  the  compound 
engine,  which  loss  did  not  arise  when  the 
expansion  was  made  all  in  one  cylinder. 

The  writer  then  proceeded  to  trace  out 
the  history  of  the  compound  engine,  describ- 
ing the  Ararious  arrangements  which  have 
been  from  time  to  time  brought  into  use, 
such  as  the  original  arrangement  of  Woolf, 
the  modified  plan  of  McNaught,  and  the 
various  forms  which  have  been  given  to 
compound  engines  as  applied  to  marine 
purposes.  The  last  arrangement  described 
was  that  now  most  generally  adopted  for 
commercial  steamships,  namely,  the  steam 
hammer  type,  with  but  two  cylinders  and 
an  intermediate  receiver.  Mr.  Bram well 
also  showed  that,  whereas  the  average 
consumption  of  the  best  marine  engines  of 
nine  years  ago  was  4.5  lbs.  of  fuel  per  horse 
power,  the  same  results  were  now  obtained 
with  a  consumption  of  2.03  lbs.  The  con- 
struction of  marine  boilers  for  bearing 
higher  pressure,  he  said,  was  a  subject  of 
essential  importance  in  efficiently  carrying 
out  the  advantages  of  high  expansion  in 
compound  engines,  and  in  connection  with 
that   subject   there    were    important  ques- 


tions, such  as  care  in  the  manufacture  of 
the  plates,  their  thickness  and  durability, 
and  other  matters  ;  but  they  could  not  be 
entered  upon  in  this  paper. 


In  the  discussion  which  followed,  Mr. 
Jamieson  said  there  was  no  doubt  there 
had  been  very  great  changes  in  engines  since 
1854,  Inuch  greater  even  than  Mr.  Brain- 
well  had  stated.  He  was  now  aware  of 
four-cylinder  engines  working  with  one- 
third  of  fuel  used  for  engines  in  1855.  In  a 
voyage  to  Valparaiso  and  Panama  and  back 
in  the  mail  service  in  1855  the  consumption 
of  coal  was  1,080  to  1,200  tons,  and  this 
had  been  reduced  to  550  and  600,  and 
even  to  800  and  400.  No  doubt  a  great 
deal  had  been  done  in  the  last  ten  years, 
and  even  in  the  last  five  years,  and  it 
would  be  well  to  look  at  the  effect  of  the 
adoption  of  the  cylinder  engines  on  com- 
merce. It  was  evident  that  the  compound 
engine  was  the  engine  of  the  day  for  marine 
purposes,  and  in  the  future,  attention  must 
be  directed  to  the  further  improvement  of 
the  engine  and  the  boiler  connected  with 
it,  with  a  view  to  a  greater  reduction  in  the 
economy  of  fuel.  They  must  see  if  they 
could  not  get  a  better  boiler,  and  a  forced 
combustion  in  smaller  tubes.  He  had  rea- 
son to  believe  that  in  the  next  decade  they 
would  see  the  figures  reduced  as  much  as 
in  the  last. 

Mr.  Crampton  urged  that  the  only  test  of 
the  performance  of  an  engine  which  they 
should  take  into  consideration  was  the 
amount  of  water  or  weight  of  steam  used 
per  indicated  horse  power  per  hour.  The 
quantity  of  coal  used  to  evaporate  that  water 
depended  upon  the  quality  of  the  boiler, 
and  in  considering  the  performance  of  the 
engine  it  should  be  left  out  of  the  question 
altogether.  Mr.  Crampton  proceeded  to. 
describe  a  series  of  experiments  he  had 
carried  out  on  a  small  pumping  engine 
doing  an  uniform  duty,  and  capable  of  being 
worked  with  steam  at  pressures  varying 
from  35  lbs.  to  70  lbs.  per  sq.  in.  The  experi- 
ments were  made  with  steam  at  the  differ- 
ent pressures,  the  degree  of  expansion  being 
varied,  so  that  in  each  case  the  engine  was 
made  to  develop  the  same  effective  power. 
Each  experiment  lasted  a  week,  and  the  re- 
sults at  which  Mr.  Crampton  arrived  were,, 
that  practically  nothing  was  to  be  gained 
by  employing  steam  of  more  than  about  40 
lbs.  pressure  expanded  six-fold.  He  also 
subsequently  poiuted  out  the  importance  of 
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employing  heavy  reciprocating  parts  in  sin- 
gle-cylinder engines  working  very  expan- 
sively, and  stated  that  in  the  case  of  the 
pumping  engine  to  which  he  had  alluded, 
the  great  length  of  the  pump  rods  caused 
the  reciprocating  weight  to  be  unusually 
large. 

Mr.  Thomson,  in  answer  to  an  inquiry  as 
to  why  some  single  cylinder  marine  engines, 
which  had  been  built  to  work  with  high 
degrees  of  expansion  had  not  succeeded, 
stated  that  the  engines  were  given  tip  in 
consequence  of  its  being  found  impossible 
to  get  the  valve  gear  to  stand  properly. 

Mr  Head  called  attention  to  the  practice 
of  stoking  by  hand.  He  said  he  had  never 
seen  a  stoker  putting  on  coal  in  front  of  a 
blazing  fire  without  thinking  that  it  was  a 
practice  which  ought  to  be  put  a  stop  to. 
He  was  told  that  not  more  than  one  man  in 
three  could  endure  the  work  in  tropical 
climates,  and  that  in  the  Bed  Sea  it  was  not 
unfrequent  to  see  the  firemen  drop  down 
dead  at  their  work.  He  appealed  to  the 
authority  of  Professor  Huxley  in  saying 
that  a  human  being  who  was  undergoing 
severe  physical  exertions  in  extreme  heat 
lost  2  lbs.  or  6  lbs.  in  weight  per  hour. 
The  application  of  steam  power  was  brought 
very  near  to  the  stoke-hole,  and  the  opera- 
tion of  taking  up  coal  and  putting  it  on  the 
fire  seemed  only  to  require  a  little  mechani- 
cal skill.  It  was  not  more  complex  than 
what  had  been  achieved  in  the  construction 
of  the  sewing  machine,  the  steam  plough, 
and  many  other  applications  of  steam  power. 
In  the  interests  of  engineering,  and  also  of 
common  humanity,  attention  ought  to  be 
directed  to  the  subject,  and  he  should  be 
glad  to  know  from  the  marine  engineers 
present  whether  there  was  any  prospect  of 
mechanical  firing  being  applied  to  marine 
engines. 

The  President  said  the  subject  just  in- 
troduced was,  no  doubt,  a  very  important 
one,  and  he  hoped  that  some  day  it  would 
be  fully  discussed.  But  the  subject  before 
the  meeting  was  the  construction  of  engines, 
and  it  was  impossible  to  deal  at  that  time 
with  all  the  branches  of  marine  engineering. 
Mr.  William  Laird  said  the  firm  of  which 
he  was  a  member  had  been  engaged  for 
many  years  in  the  construction  of  engines, 
and  of  late  years  they  had  found  that 
nothing  but  the  compound  engines  were 
called  for  for  commercial  purposes.  The  great 
economy  which  had  followed  their  intro- 
duction had  been  of  such  immense  advan- 


tage to  those  who  had  applied  them  that 
the  compound  engines  had  really  displaced 
altogether  the  old  system  of  engines.  In 
some  cases  an  opportunity  had  been  afforded 
of  testing  practically  the  economy  obtained 
in  the  use  of  compound  engines  as  com- 
pared with  the  old  system,  by  the  substitu- 
tion of  the  modern  for  the  old  engine  in  the 
refitting  of  ships,  and  the  result  in  a  series 
of  voyages  had  been  that  the  quantity  of 
coal  consumed  was  about  one-half  the  con- 
sumption with  engines  of  the  old  type. 
This,  he  thought,  was  conclusive  proof  that 
the  adoption  of  the  compound  engines  had 
been  of  immense  benefit  to  commerce,  and 
the  result  was  that  almost  all  the  large 
steamship  owners  in  Liverpool  had  more  or 
less  adopted  them  for  their  vessels.  In 
some  companies  all  vessels  refitted  had  been 
supplied  with  the  compound  engines,  while 
they  had  been  adopted  in  the  new  vessels. 
Without  entering  into  details,  he  merely 
wished  to  intimate  the  general  and  success- 
ful adoption  of  the  compound  engines,  and 
he  felt  satisfied  that  if  they  receded  from 
the  stage  at  which  they  had  now  arrived, 
and  used  a  lower  pressure  for  engines  or 
another  system,  they  would  make  a  great 
mistake. 

Mr.  Crampton  said  that  in  the  statement 
made  by  Mr.  William  Laird  the  point  was 
ignored  that  the  engine  taken  out  might  be 
the  worst  type  of  single-cylinder  engine. 

Mr.  William  Laird  said,  in  making  the 
statement,  he  only  meant  to  show  how  gen- 
erally the  compound  engine  had  been  adopt- 
ed in  Liverpool,  and  he  thought  it  was  suf- 
ficient to  put  the  matter  in  a  general  way. 
Perhaps  his  way  of  stating  the  matter  gave 
too  great  an  advantage  to  the  engines  on 
the  compound  system.  He  merely  men- 
tioned the  fact  to  show,  in  a  commercial 
sense,  the  great  advantage  which  had  been 
gained  through  the  introduction  of  the  com- 
pound engines,  and  the  state  of  perfection 
to  which  they  had  been  brought  by  engi- 
neers throughout  the  country. ,  He  did  not 
intend  to  claim  any  special  credit  for  Liver- 
pool. 

The  President  asked  Mr.  Laird  whether 
the  old  engines  to  which  he  referred  were 
in  all  cases  very  old  engines,  or  whether 
they  were  tolerably  good  engines  of  their 
kind. 

Mr.  Laird  said  they  were  good  engines 
of  the  old  type. 

Mr.  Eamsbottom  said,  as  to  the  abstract 
view  of  the  question  there   was  no  room 
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perhaps  for  two  opinions,  as  far  as  theory 
went,  because  no  doubt  an  advantage  was 
to  be  derived  from  the  increased  pressure 
of  steam,  and  from  its  earlier  cutting  off; 
but  whether  it  was  done  by  one  cylinder  or 
two  was,  he  thought,  a  matter  of  very  little 
consequence.  It  became  a  question  wheth- 
er they  could  get  materials  which  would  do 
something  more  than  the  materials  now 
known ;  but  he  thought  they  had  pretty 
nearly  reached  the  practical  limits  of  com- 
mercial economy.  He  did  not  think  they 
were  likely  to  reduce  their  pressure  much 
below  what  they  had  now  attained,  and  he 
should  be  glad  to  see  that  they  were  likely 
to  increase  materially  upon  it.  If  they 
could  find  materials,  the  mode  of  construc- 
tion would  be  speedily  hit  upon,  and  they 
might  look  for  higher  pressure  and  corre- 
sponding economy.  "With  regard  to  exper- 
iments, those  which  were  isolated,  and  of 
merely  a  few  hours  duration,  were  of  very 
little  value.  He  attached  very  little  impor- 
tance to  speed  mile  trips,  the  truest  and  saf- 
est results  being,  he  thought,  found  in  more 
lengthened  working,  such  as  actual  sea  voy- 
ages. 

Mr.  Bramwell,  in  replying  on  the  discus- 
sion, said  he  thought  there  had  been  too 
much  of  the  tone  of  finality  about  it.  With 
regard  to  the  observations  of  Mr.  Pamsbot- 
tom  in  depreciation  of  mile  trials,  and  in 
favor  of  long  voyage  trials,  he  most  entirely 
agreed  with  him,  if  the  thing  to  be  tried 
was  not  a  steamboat.  He  thought  a  six 
hours  trial,  carefully  conducted,  was  a  bet- 
ter test  of  what  engines  could  do  in  the  way 
of  economy  of  fuel  than  the  test  to  be  de- 
rived from  a  long  voyage.  Assuming  that 
the  continuous  indicator  could  be  relied  up- 
on for  giving  good  results,  he  trusted  that 
steamship  owners  would  go  to  the  expense 
of  fitting  their  steamers  with  implements  of 
that  kind,  so  as  to  arrive  at  truthful  results. 
The  getting  a  better  evaporation  of  water 
for  the  fuel  burnt  was  at  the  root  of  econ- 
omy. As  to  mechanical  stoking,  alluded  to 
by  Mr.  Head,  he  most  thoroughly  agreed 
with  the  suggestion,  and  he  could  not  help 
thinking  that  it  was  a  problem  which  ought 
to  be  solved.  If  they  succeeded  in  doing 
so  they  might  get  a  more  regular  combus- 
tion of  fuel.  At  the  shows  of  the  Poyal 
Society  he  had  seen  as  many  as  from  35  to 
40  firings  in  an  hour ;  they  endeavored  to 
get  by  rapidity  of  hand  stoking  the  uniform 
and  good  effects  obtained  from  efficient  ap- 
paratus.     Mr.    Bramwell   also   deprecated 


anything  like  finality  in  scientific  discus- 
sions, and  in  illustration  quoted  some  ex- 
ceedingly amusing  extracts  from  evidence 
given  by  some  of  the  leading  engineers 
early  in  the  present  century  on  the  occasion 
of  a  Parliamentary  inquiry,  this  evidence 
going  to  show  that  the  use  of  steam  of 
higher  pressures  than  4  or  5  lbs.  was  un- 
necessary and  absurd,  and  that  cast  iron 
was  far  preferable  to  wrought  iron  as  a 
material  for  boiler  making,  although  one 
witness  admitted  that  wrought-iron  boilers 
possessed  one  advantage,  inasmuch  as  "each 
rivet  formed  a  safety  valve.". 

The  President,  in  proposing  a  vote  of 
thanks  to  Mr.  Bramwell  for  his  paper,  said, 
if  a  general  conclusion  might  be  drawn  from 
the  subject  discussed,  he  thought  it  would 
amount  to  this,  that  the  compound  engine 
enabled  them  to  press  the  steam  higher 
than  they  could  do  practically  with  a  sin- 
gle-cylinder engine.  As  to  the  mode  of 
firing  at  agricultural  shows,  and  the  re- 
markable results  which  were  there  obtained, 
that  mode  of  firing  would  be  wholly  inap- 
plicable to  marine  engines,  where  they  had 
to  deal  with  enormous  quantities  of  fuel 
under  circumstances  very  onerous  to  the 
men  who  had  to  attend  to  the  fires.  He 
quite  agreed  with  Mr.  Head  that  the  prob- 
lem of  mechanical  stoking  was  one  which 
ought  to  be  solved.  He  believed  a  great 
step  in  advance  would  be  made,  and  that 
they  would  have  improvements  in  connec- 
tion with  boilers,  which  would  enable  them 
to  apply  more  thoroughly  the  heat,  and  de- 
stroy more  com}  lately  that  portion  of  the 
coal  which  was  now  driven  out  of  the  chim- 
ney without  being  burnt  at  all.  He  hoped 
that  result  would  greet  them  when  they 
met  in  London  ten  years  hence. 


Qome  extensive  new  lines  of  railway  are 
O  now  being  constructed  in  New  Zealand 
by  Messrs.  Brogden,  who  have  engaged  the 
services  of  a  number  of  the  AYarwickskire 
farm  laborers.  The  lines  are — Auckla'nd 
to  Waikato,  41  miles,  at  £166,000  ;  Inver- 
cargil  to  Mat  aura,  42  miles,  at  £86,000; 
Dunedin  and  Clutha,  34  miles,  at  £14-2,000  ; 
Wellington  to  Hutt,  8  miles,  at  £40,000  -r 
in  all  about  125  miles  of  railway  at  a  cost  of 
£434,000,  rather  less  than  £4,000  per  mile. 


car  load  of  coal  can  be  unloaded  into  a 
bare;e  at  East  St.  Louis  in  4  min. 
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EARLY  HISTORY  OF  RAILWAYS  AND  ORIGIN  OF  GAUGE. 


Railways  are  old  as  civilization ;  stone 
ways,  adapted  to  the  passage  of  wheeled 
carriages,  are  still  in  existence  in  the  vicini- 
ty of  the  Egyptain  quarries,  whence  the 
massive  stones  were  taken  to  build  the 
Pyramids.  Wooden  railways  have  been 
used  in  the  mining  districts  of  Germany 
from  time  immemorial ;  they  were  intro- 
duced into  England  early  in  the  seven- 
teenth century,  and  to  that  country  we  are 
chiefly  indebted  for  their  improvement,  and 
the  development  into  that  system  which  has 
become  the  life  of  commerce. 

We  find  in  the  History  of  Coal  Mining  at 
Newcastle-upon-the-Tyne,  as  early  as  1602, 
a  complaint,  in  quaint  old  English  language, 
of  the  increasing  badness  of  the  roads,  by 
which  the  loads  of  carts  were  being  reduced; 
and  in  1649,  an  account  of  a  Mr.  Beau- 
mont, who  expended  £30,000  in  improving 
the  ways  and  wagons,  and  in  introducing 
rare  engines  for  boring  with  iron  rods,  to 
try  the  thickness  of  the  veins,  and  for  re- 
moving water  from  the  pits.  In  1676,  the 
ways  are  described  as  rails  of  timber,  straight 
and  parallel,  on  which  bulky  carts  on  four 
rollers,  are  moved  with  such  ease  that  a 
horse  will  draw  4  or  5  tons ;  but  not  until 
1765  do  we  hear  of  something  like  a  regu- 
larly constructed  railway,  which  was  graded 
by  cutting  and  filling  and  had  wooden  rails 
7  in.  sq.,  resting  upon  cross  sleepers  4  ft. 
apart.  We  then  have  an  improvement  on 
this  wagon- way,  called  a  "  double  way,"  by 
which  the  number  of  cross-sleepers  are  doub- 
led, and  the  rails  are  also  doubled  by  plac- 
ing one  on  the  top  of  the  other,  with  cinder 
packed  between  them.  In  1770,  the  rail- 
way is  described  as  a  great  work,  carried 
over  irregular  ground,  a  distance  of  9  or  10 
miles,  with  wooden  rails  rounded  on  the 
top,  and  wheels  made  of  cast  iron,  hollowed 
to  fit  the  rounded  surface.  Then  we  have 
the  rejection  of  the  outer  flanges  of  the 
metal  wheels,  the  tread  made  flat,  and  iron 
placed  on  the  curves  to  check  the  wear  of 
the  rails.  In  1776,  we  have  a  cast-iron 
railway  built  in  Sheffield,  with  flanges, 
projecting  upwards,  cast  upon  the  rail, 
and  both  flanges  on  the  wheels  dis- 
pensed with ;  this  was  too  great  an  im- 
provement for  the  temper  of  the  work- 
people, who  got  up  a  riot  and  destroyed  it. 

*  A  paper  read  by  J.  Dutton  Steele,  Civil  Engineer,  Member 
of  the  American  Society  of  Civil  Engineers. 


Edge  rails  were  introduced  in  1789,  which 
again  restored  the  inside  flange  to  the 
wheels,  and,  in  1S00,  Benjamin  Ostram 
made  the  improvement  of  supporting  the 
ends  of  the  rails  with  stone  instead  of 
wood,  which  gave  them  the  name  of  "  Ostram 
roads,"  afterwards  abbreviated  to  "  Tram 
roads."  Malleable  iron  rails  were  intro- 
duced in  1808. 

All  these  roads  had  a  gauge  of  4  ft.  8^ 
in.,  which  was  the  gauge  of  the  ordinary 
road  wagons  to  which  they  were  originally 
adapted,  and  with  which,  from  their  slow 
progress,  they  long  continued  to  be  closely 
allied. 

One  hundred  and  fifty  years  of  English 
experience  had  been  required  to  advance 
them  from  timbers  laid  down  to  prevent  the 
cart  wheels  from  sinking  in  the  mud  to  an 
iron  rail  and  iron  wheels,  somewhat  like  the 
mode  of  the  present  day.  Whilst  Beau- 
mont was  expending  his  £30,000  at  New- 
castle, De  Cans  lay  incarcerated  in  a  mad- 
house at  Paris  for  conceiving  the  idea  that 
carriages  could  be  moved  by  steam,  calling 
to  the  people  as  they  passed,  "I  am 
not  mad !  I  am  not  mad !  but  have 
made  a  discovery  !  "  The  idea  was  expand- 
ed by  James  Watt  in  1759,  by  Oliver 
Evans  in  1772,  and  by  William  Symington 
in  1784. 

The  year  1800  found  Tram  roads  so  pop- 
ular that  they  were  talked  of  for  general 
traffic  ;  the  Duke  of  Bridgewater  saw  "  dan- 
ger in  them ;"  George  Stephenson  who  had 
risen  to  the  charge  of  a  hoisting  engine  at 
the  mouth  of  a  coal  pit,  at  the  age  of  twenty, 
was  slowly  but  surely  developing. 

We  now  find  attention  strongly  turned 
to  steam  locomotion  ;  in  1802  an  attempt 
was  made  to  introduce  it  on  common  roads, 
and  in  1804  upon  railroads,  and  the  efforts 
continued  with  but  little  success  until  1814, 
when  the  discovery  was  made  that  there 
was  adhesion  enough  between  the  wheels 
and  rails  to  produce  motion,  and  cogs, 
chains,  and  similar  cumbrous  contrivances 
were  rejected. 

It  is  remarkable  how  the  mechanical 
mind  clung  to  the  idea  that  the  wheels  of 
locomotives  Avould  fly  around  without  pro- 
ducing motion,  even  after  the  reverse  had 
been  demonstrated  by  experiment.  In  1814, 
George  Stephenson  made  his  first  locomo- 
tive with  smooth  wheels,  which  drew  eight 


EARLY    HISTORY    OF    RAILWAYS. 


503 


loaded  wagons  up  a  grade  of  12  ft.  per  mile; 
in  1815  he  invented  the  steam  blast,  which 
doubled  the  power  of  his  engine  ;  and  in 
1816  he  succeeded  in  producing  an  engine 
with  simple  and  direct  communication 
between  the  cylinders  and  the  wheels,  joint 
adhesion  of  all  the  wheels  by  horizontal 
connecting  roads,  and  combustion  excited  by 
the  exhaust  steam.  In  1818  we  find  him  ex- 
perimenting upon  friction,  and,  in  his  own 
practical  way,  working  out  the  problems 
upon  which  the  success  of  the  railway  system 
depended. 

The  Stockton  and  Darlington  Railroad, 
which  was  opened  for  traffic  in  1825,  was 
the  most  extensive  railway  enterprise  thus 
far  undertaken  ;  it  was  25  miles  in  length 
and  had  four  inclined  planes  from  half  a  mile 
to  one  mile  in  length,  with  intermediate 
grades  of  as  much  as  51  ft.  per  mile.  We 
have  a  discussion  as  to  the  gauge  of  this 
road,  between  the  engineer,  George  Ste- 
phenson, and  the  proprietors,  in  1824,  from 
which  it  seems  the  question  was  settled 
with  reference  to  the  probable  interchange 
of  rolling  stock,  and  the  gauge  of  existing 
roads,  which  was  4  ft.  8^  in.  ;  the  same 
gauge  was  afterwards  adopted  on  the  Liver- 
pool and  Manchester  road.  Previous  to  the 
opening  of  this  road,  Stephenson  establish- 
ed a  shop  for  the  manufacture  of  locomo- 
tives at  Newcastle,  and  it  is  worthy  of  re- 
mark that  the  capital  he  put  in  this  estab- 
lishment was  a  testimonial  he  had  received 
from  the  coal  mining  interests  of  the  vicinity 
for  the  invention  of  the  safety  lamp,  which 
has  been  so  generally  accredited  to  Sir 
Humphrey  Davy. 

At  that  shop  were  built  the  locomotives 
which,  at  the  opening  of  the  Stockton  and 
Darlington  Railroad,  so  astonished  the 
world  by  drawing  38  wagons,  loaded  with 
coal,  merchandise  and  passengers,  at  the 
rate  of  12  miles  an  hour. 

The  railroad  excitement  was  now  fairly 
ablaze ;  the  canal  and  turnpike  interests 
were  alarmed  ;  the  land-owners  were  start- 
led at  the  prospect  of  inroads,  which  capi- 
tal stood  ready  to  back.  An  advocate  pro- 
claims that  railroads  "  would  widen  the 
circle  of  intercourse,  form  a  new  creation, 
and  extend  the  limits  of  industry  and  joy," 
whilst  an  opponent  asks,  "  what  is  to  be- 
come of  the  turnpikes,  the  coach  and  har- 
ness makers,  and  the  horse  breeders  ;  the 
smoke  and  noise  and  hiss  and  whirl  would 
dismay  the  cattle  grazing  in  the  meadows 
or  ploughing  in  the  fields.     They  would  be 


the  most  complete  disturbers  of  the  quiet 
and  comfort  of  the  kingdom  that  the  in- 
genuity of  man  had  invented."  The  con- 
test waxed  warm  in  Parliament  over  the  in- 
corporation of  the  Liverpool  and  Manchester 
Railroad,  but  warmer  in  the  field  between 
the  surveyors  and  land-owners ;  the  farm 
hands  were  sent  out  with  pitchforks  to  drive 
off  the  engineers,  who  were  stoned  and 
their  instruments  broken.  But  we  must 
leave  George  Stephenson  and  his  friends 
with  the  difficulties  they  were  so  fully  able 
to  meet,  and  turn  to  America. 

The  railroad  movement  in  the  United 
States  seems  to  have  been  coincident  with 
the  opening  of  the  Stockton  and  Darlington 
Railroad.  In  1827  we  have  an  account  of 
the  opening  of  the  Quincy  Railroad  in 
Massachusetts,  extending  from  a  granite 
quarry  three  miles  to  tide  water,  with  a 
gauge  of  5  ft.  ;  and  the  Mauch  Chunk 
road,  in  Pennsylvania,  from  the  Lehigh 
coal  mines,  nine  miles  to  the  canal  with  a 
gauge  of  3i.  ft.  The  gauge  of  the  former 
was  probably  induced  by  the  wide  and 
high  wagon  wheels  used  for  moving  heavy 
blocks  of  stone,  whilst  the  latter  is  the 
gauge  of  the  mining  cars  yet  in  use  in  that 
region.  The  Mauch  Chunk  road  was  built 
for  a  gravity  road,  and  it  has  been  so  work- 
ed up  to  this  time  ;  mules  were  first  used  to 
haul  back  the  empty  cars,  but  stationary 
engines  and  inclined  planes  were  afterwards 
substituted.  We  find  the  same  gravity  sys- 
tem, with  nearly  the  same  minimum  grades, 
at  work  on  some  of  the  sections  of  the 
Stockton  and  Darlington  Railroad  two  years 
earlier. 

In  1827  we  have  the  proceedings  of  a 
public  meeting  in  Baltimore  to  forward  the 
construction  of  a  railroad  thence  to  the 
Ohio  River,  and  in  1828  the  report  of  a 
Board,  consisting  af  Col.  S.  H.  Long,  Capt. 
Wm.  G.  McNeill,  and  Dr.  Wm.  Howard, 
of  the  United  States  Engineers,  appointed 
to  reconnoitre  the  country  to  be  traversed 
by  it.  Their  report  is  elaborate  and  able, 
and  is  probably  the  most  interesting  docu- 
ment of  its  day  on  the  subject  of  railways 
in  America.  It  adopted  Tredgold's  recom- 
mendation of  a  4.L  ft.  gauge,  and  defined 
with  great  clearness  the  topography  of  the 
country  ;  but  a  remarkable  feature  in  it  is 
a  want  of  appreciation  of  the  forces  to  which 
railways  would  be  subjected.  The  Board 
was  afterwards  commissioned  to  visit  Eng- 
land to  examine  the  railway  system  there. 

About  this  time  the  invention  of  the  Wi- 
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nans  car  seems  to  have  made  some  diver- 
sion of  the  railway  interests  in  its  favor  ;  it 
reduced  friction  one  half,  and  on  account 
of  the  great  play  provided  for  the  axles 
they  would  adjust  themselves  to  the  radii 
of  the  curves.  We  have  the  most  florid 
accounts  of  what  a  horse  would  draw  in 
them,  and  curves  were  regarded  as  of  small 
importance.  It  was  thought  these  cars  would 
do  best  with  the  flanges  on  the  outside  of 
the  rails  ;  hence  the  flrst  track  laid  on  the 
Baltimore  and  Ohio  Railroad  was  of  4^  ft. 
gauge  for  flanges  outside,  with  very  sharp 
curvatures. 

But  the  railroad  world  was  to  be  startled 
with  another  great  event :  the  appearance, 
with  a  tubular  boiler,  of  the  "Rocket"  on 
the  rails  of  the  Liverpool  and  Manchester 
Railroad  in  1829,  and  the  opening  of  that 
road  for  traffic  in  1830.  These  events  seem 
to  have  taken  the  breath  out  of  our  Ameri- 
can railway  magnates ;  the  Commission  to 
England  did  not  report,  but  we  find  in  1830 
a  highly  interesting  and  elaborate  report 
from  J.  Knight  on  the  subject  of  gauge, 
size  of  wheels,  turning  curves,  etc. 

Two  miles  of  track  had  been  laid  on  the 
Baltimore  and  Ohio  Railroad  for  flanges 
outside,  and  some  experimental  cars  had 
been  run  upon  it,  when  an  alarm  note  was 
sounded  from  England  ;  a  mistake  had  been 
made,  the  Winans  car  would  run  with 
flanges  inside,  and  a  model  car  was  sent 
over.  But  doubts  had  already  arisen  as  to 
the  safety  on  any  track,  and  this  was  the 
condition  of  affairs  which  brought  Mr. 
Knight's  strong  mathematical  mind  to  bear 
upon  the  subject,  and  produced  his  cele- 
brated demonstration  that  the  exact  oraug-e 
for  a  railroad  was  4  ft.  9|  in. 

It  was  the  fashion  of  that  day  among 
engineers  to  criticise  George  Stephenson  as 
a  man  of  no  science,  but  if  a  "principle  in 
science  is  a  rule  in  art,"  then  was  he  a  man 
of  sience,  for  he  created,  without  much  aid 
from  books,  the  most  important  rules  of 
art  which  have  governed  railroad  operations 
up  to  the  present  day. 

Somewhat  in  this  vein  was  Mr.  Knight. 
He  had  met  no  one  in  England  who  could 
inform  him  on  what  principle  the  curves 
were  turned ;  but  he  had  observed  that  the 
wheels  were  conical,  and  he  invented  the 
"  cone  and  cylinder "  wheel — that  is,  a 
wheel  with  a  fiat  tread,  and  a  cone  between 
the  tread  and  the  flange.  The  elements  he 
had  to  deal  with  were,  the  radius  of  his 
carve,  the  diameter  of  his  wheels,   the  play 


necessary  for  his  cones  between  the  tread 
and  the  flange,  and  all  must  be  so  arranged 
that  an  English  locomotive  of  4  ft.  8.^  in. 
gauge  could  be  used  if  necessary.  He 
published  his  elaborate  calculations,  which 
resulted  in  a  30  in.  wheel  and  a  4  ft.  9^  in. 
gauge. 

In  1835  Pambour  visited  the  Liverpool 
and  Manchester  Bailroad,  and,  referring  to 
the  question  of  the  cone  as  the  means  of 
turning  curves,  says,  "  Thus  far  those  means 
have  been  employed  by  approximation," 
and  then,  with  a  flourish  of  trumpets,  gives 
the  same  rule  for  calculating  that  is  found 
in  Mr.  Knight's  report  of  1;*30. 

Gauge  seems  to  have  been  chiefly  a  mat- 
ter of  local  adaptation.  Tredgold,  writing 
in  1825,  recommends  4|  ft.  for  heavy  freight 
and  6  ft.  for  passengers;  his  argument  rests 
entirely  upon  the  necessity  of  keeping  the 
centre  of  gravity  of  the  cars  safely  within 
the  rails.  Knight  works  up  to  4  ft.  9\  in. 
in  1830  to  suit  his  cones  and  short  curves, 
and  probably  the  gauge  of  4  ft.  10  in.  has 
resulted  from  an  indisposition  to  deal  with 
quarter  inches.  The  compromise  gauge 
which  we  are  coming  to  between  our  4  it. 
8|  in.  and  4  ft.  10  in.  "  will  be  4  ft.  91  in." 
— a  less  mathematical  mode  of  reaching  the 
result  than  Mr.  Knight  employed.  We 
have  next  the  excitement  over  the  wide 
gauge  on  the  grounds  of  higher  speed  and 
more  room,  and  now  over  the  narrow  gauge 
on  the  basis  of  economy.  The  gauges  of 
this  country  hereafter  will  probably  be  4  ft. 
91  in.  and  3  ft.,  to  be  selected  from  local 
requirements ;  and  the  difference  in  the 
cost  of  building,  equipping  and  working,  and 
in  the  limits  of  capacity,  will  be  nearly  in 
proportion  to  the  gauge. 

In  1829  the  Rocket  made  her  debut 
in  England  with  her  tubular  boiler;  in  1830 
the  Liverpool  and  Manchester  Railroad  was 
o[  ened,  and  the  same  year  the  first  Ameri- 
can engine  appeared  on  American  rails, 
built  by  Peter  Cooper,  of  New  York ;  it 
had  a  single  cylinder  of  3.*  in.  diameter, 
and  run  from  Baltimore  to  Ellicott's  Mills, 
a  distance  of  13  miles,  with  a  car  and  23 
passengers,  at  a  rate  of  from  5  to  18  miles  per 
hour.  This  was  soon  followed  by  a  work- 
ing model  from  P.  Davis,  a  watchmaker,  of 
Y'ork,  Penn.,  which  was  afterwards  ex- 
panded into  the  well-known  crab  engine  of 
the  Baltimore  and   Ohio  Railroad. 

We  meet  here  to-day  upon  the  platform 
of  mechanical  progress.  Eorty-two  years 
have  elapsed,   a  period  within   the  profes- 
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sional  recollection  of  many  here  present, 
since  the  Rocket,  the  creation  of  an 
uneducated  Northumberland  miner,  blaz- 
oned forth,  bearing  upon  her  escutcheon 
all  the  essential  elements  of  a  modern 
locomotive.     There  are  now  upon  the  sur- 


face of  this  globe  of  ours  125,000  miles 
of  railroads,  enough  to  girt  the  earth  five 
times,  and,  there  are  plying  upon  them 
locomotives  enough,  if  placed  in  a  con- 
tinuous line,  to  reach  from  New  York  to 
Chicago. 


DYNAMITE   AS  AN  ICE-BKEAKEE. 


Translated  from  "  Annalea  dea  Mines. 


The  intense  and  persistent  cold  of  the 
last  winter  produced  at  certain  points  along 
the  Rhone,  fields  of  ice  which  threatened 
serious  danger  to  many  floating  structures,  if 
there  should  happen  to  be  a  sudden  thaw 
with  rise  of  the  stream. 

In  view  of  this,  in  December  last,  the 
writer  tried  the  effect  of  dynamite  in  break- 
ing up  and  clearing  the  ice  from  the  chan- 
nel. The  results  of  the  experiments  were 
so  extraordinary  as  to  justify  their  publica- 
tion, with  an  account  of  the  special  disposi- 
tions made  to  obtain  the  maximum  of  effect. 

The  explosion  of  cartridges  placed  on  the 
ice  and'  covered  with  sand  or  mortar  pro- 
duced only  a  hole  without  long  cracks,  even 
along  the  line  of  least  resistance ;  a  result 
conforming  with  the  usual  effects  of  this  sub- 
stance. In  order  to  detach  large  blocks 
from  a  mass  of  great  superficial  extent,  the 
following  method  was  employed  : 

At  a  distance  of  14  metres  from  the  free 
edge  of  the  ice  (which  was  from  18  to  20 
centimetres  thick)  a  channel  was  cut  1  metre 
long  and  4  or  5  centimetres  in  depth,  the 
section  being  in  the  form  of  a  V.  The  face 
nearest  the  edge  was  vertical;  the  other 
was  slightly  inclined. 

The  dynamite  was  inclosed  in  a  roll  about 
1  metre  in  length,  and  this  was  surrounded 
with  sawdust  and  paper  waste  to  prevent 
freezing.  This  was  placed  in  the  channel 
against  the  vertical  face  and  was  covered 
with  sand  from  3  to  4  centimetres'  deep,  the 
greatest  depth  being  over  the  slant  side  so 
as  to  direct  the  explosive  force  towards  the 
vertical  face. 

The  explosion  produced  several  fissures, 
most  of  which  were  parallel  to  the  edge  of 
the  ice  and  were  from  40  to  50  metres  long 
in  either  direction.  In  one  case  a  fissure 
was  made  58  metres  long  in  one  direction 
and  160  in  the  other.  The  charge  was  only 
210  grammes  of  dynamite  No.  3. 

The  blocks  so  detached  were  enormous  ; 
three  or  four  making  an  area  of  100  to  200 


square  metres.  In  order  to  break  them  into 
smaller  blocks  the  following  method  was 
employed  : 

At  the  centre  of  the  block,  at  about  8 
metres  from  the  edge,  a  hole  was  pierced  8 
or  10  centimetres  in  diameter.  In  this  was 
put  an  ordinary  cartridge  with  fuse  inclosed 
in  a  gutta-percha  tube.  To  this  was  fast- 
ened a  block  of  wood,  which  was  placed 
across  the  hole  so  as  to  suspend  the  whole 
in  the  water. 

Our  experiments  indicated  that  the  most 
effective  depth  of  cartridge  was  about  70 
centimetres  below  the  lower  surface  of  the 
ice ;  unless  it  was  very  thick,  when  the 
depth  should  be  less.  The  cartridges  con- 
tained from  17  to  35  grammes  of  dynamite. 
The  explosion  lifted  the  ice  and  produced 
radiating  fissures  from  10  to  30  metres  long. 

This  method  alone  serves  to  break  con- 
timious  ice  at  a  distance  of  7  or  8  metres 
from  the  edge,  but  works  better  on  detached 
masses. 

The  congelation  of  the  dynamite  must  be 
avoided.  It  hardens  at  70  Centigrade,  and 
does  not  fulminate  in  this  condition  ;  so  that 
it  is  well  to  surround  the  cartridge  with 
sawdust,  and  to  inclose  in  a  second  envel- 
ope of  packing  paper. 

When  the  ice  is  soft  so  as  to  oppose  less 
resistance  sawdust  should  be  mixed  with 
the  dynamite  to  diminish  its  force. 

By  this  means  in  a  single  day  we  remov- 
ed 50,000  square  metres  of  ice.  Four  men. 
were  employed,  and  the  expense  was  40 
francs. 


A  t  the  Pioneer  mine  No.  2,  at  Shiler's 
i\  Ferry,  Mo.,  there  are  being  raised  large 
quantities  of  lead.  At  No.  3,  on  the  Moreau, 
the  great  Scott  mine  is  continuing  to  yield 
as  rich  returns  as  at  first ;  and  every  foot 
the  magnesian  limestone  series  are  pene- 
trated with  shafts  of  this  company,  the  more 
extensive  is  the  galena  presented. 
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THE  POLLUTION  OF   KIVEES. 

From  "The  Engineer. " 


Whatever  may  be  the  law  of  the  question, 
there  can  be  no  doubt  that  in  equity  there 
is  no  such  thing  as  "a  prescribed  right  to 
commit  a  nuisance."  Yet  this  plea  is  one 
which  is  frequently  advanced  by  those  who 
have  great  interests  at  stake,  and  requires 
serious  consideration  at  the  hands  of  those 
who  are  intrusted  with  the  administration 
of  our  sanitary  laws  and  regulations.  The  ! 
principal  sources  of  river  pollution  are  town 
sewage  and  the  refuse  of  manufacturing  and 
industrial  establishments.  It  would  be  diffi- 
cult to  decide  which  of  these  two  sources  in 
a  town  similar  to  Birmingham  or  Sheffield, 
is  the  more  active  in  effecting  a  joint  result 
which  is  acknowledged  to  be  a  serious  evil. 
So  far  as  the  sewage  portion  of  the  nuisance 
is  concerned,  the  matter  has  been  taken  in 
hand  by  the  Government,  and  some  progress 
has  been  made  towards  enforcing  the  ful- 
filment of  conditions  which  will  very  much 
reduce,  and  perhaps  in  time  altogether  re- 
move, the  evil.  At  present  it  is  the  manu- 
facturing difficulty  with  which  we  have  to 
do,  and  but  little  thought  is  required  to 
make  evident  the  fact  that  the  obstacles 
lying  in  the  way  when  Ave  attempt  to  dis- 
pose satisfactorily  of  manufacturing  refuse, 
are  far  more  serious  than  even  those  en- 
countered in  dealing  with  town  sewage. 
With  this  difficulty  the  Legislature  must 
deal  very  cautiously.  While,  on  the  one 
hand,  it  must  not  be  shirked  by  those  who 
should  take  active  measures  concerning  it, 
on  the  other  it  cannot  be  summarily  treated 
without  doing  manifest  injustice  towards 
those  whose  interests  are  thereby  involved. 
The  recommendation  of  the  Rivers  Pollution 
Commissioners  has  already  begun  to  be  felt, 
and  it  is  intended  that  manufacturers,  and 
proprietors  of  works  in  which  chemical  or 
other  processes  are  carried  on,  are  to  be 
made  amenable  to  the  same  regulations 
which  are  now  made  compulsory  upon  local 
boards  and  sewer  authorities.  So  soon  as 
Mr.  Stansfield's  bill  has  become  law,  it  will 
be  illegal  to  discharge  any  foul  matter,  re- 
fuse, or  effluent  fluid,  into  a  stream,  which 
6hall  lower  its  purity  below  a  fixed  standard 
prescribed  by  the  Rivers  Pollution  Commis- 
sioners. There  are  some  points  in  connection 
with  the  application  of  the  sewage  laws,  so 
to  term  them,  to  manufacturers,  that  are 
deserving  of  attention.     In  the  first  place(  is  [ 


the  standard  too  high,  and  does  the  Act 
partake  of  that  arbitrary  character  which 
very  frequently  characterizes  legislative  en- 
actments '?  The  manufacturers  very  natur- 
ally assert  that  the  standard  is  too  high,  and 
go  so  far  as  to  state  that  it  will  be  impossi- 
ble for  them  to  comply  with  the  provisions 
of  such  a  law  without  virtually  closing  their 
premises.  In  other  words,  according  to  their 
own  statement,  they  cannot  utilize  their 
liquid  refuse  instead  of  turning  it  into  the 
nearest  stream,  nor  can  they  purify  it  to  the 
degree  which  would  render  it  legally  right 
for  them  to  dispose  of  it  in  the  usual  man- 
ner. Both  of  these  pleas  are  raised,  to  some 
extent,  upon  good  grounds.  That  just  at 
the  present  moment  manufacturers  are 
taken  somewhat  aback  by  the  stringent  na- 
ture of  the  resolution,  and  are  unwilling  to 
try  experiments  which  would  entail  consid- 
erable expense,  must  be  admitted.  But  at 
the  same  time  they  in  their  turn  must  have 
some  regard  for  those  living  in  the  vicinity 
of  the  rivers  that  are  certainly  polluted  by 
their  works,  and  for  the  property  of  the 
riparian  proprietors  and  tenants,  who  have 
long  been  exposed  to  an  evil  which  ought 
to  be  at  least  mitigated  if  it  cannot  be  reme- 
died. 

There  was  a  time  when  the  refuse  of  gas 
works  was  esteemed  of  no  account — in  fact, 
of  less  than  no  account — for  any  one  might 
take  as  much  as  he  pleased,  provided  he 
only  removed  it  from  the  premises.  This 
same  refuse  can  now  be  utilized  in  a  profit- 
able manner ;  and  it  has  now  to  be  seen 
whether  the  same  course  cannot  be  followed 
with  similar  advantage  with  every  kind  of 
waste  and  bye  product  resulting  from  man- 
ufacturing operations.  But  the  trial  must 
be  made,  or  the  question  will  never  be  solv- 
ed. It  remains  to  be  proved  whether  man- 
ufacturers, with  a  fair  regard  to  their  own 
interests,  can  abstain  from  the  practice  they 
have  hitherto  adopted  in  getting  rid  of  the 
refuse  of  their  establishments,  and  employ 
another  method  more  conducive  to  the  in- 
terests of  the  community  and  the  comfort 
and  welfare  of  their  immediate  neighbors. 
It  is  our  opinion  that,  if  proper  time  be  al- 
lowed them,  they  will  not  only  be  able  to  do 
what  is  required  of  them,  but  will  ultimately 
find  it  to  their  advantage  to  do  so.  The 
utilization  of  sewage  would  never  have  ad- 
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vanced  even  to  the  limited  extent  it  has,  if  it 
had  been  a  matter  of  option.  It  is  quite 
possible  that  some  coercion  may  be  neces- 
sary. It  was  not  until  injunctions  were 
granted  against  offending  parties — and,  in 
a  few  instances,  an  actual  sequestration  of 
the  local  funds  ordered  by  the  local  govern- 
ment authorities  —  that  the  responsible 
bodies  became  convinced  that  the  question 
admitted  of  solution.  The  long  immunity 
they  had  enjoyed  begat  the  inevitable  con- 
tempt which  naturally  follows,  and  they  put 
their  faith  in  the  usual  procrastination  and 
indecision  which  invariably  precedes  the  en- 
forcement of  all  sanitary  enactments  and 
regulations.  It  is  to  be  hoped  that  such  will 
not  be  the  case  with  the  pollution  of  rivers 
by  manufacturing  refuse.  The  proprietors 
will  have  the  good  sense  to  perceive  that 
they  must  make  an  effort  to  comply  with  the 
law,  and  at  any  rate  endeavor  to  adopt  a 
better  system  of  dealing  with  their  refuse 
and  superfluous  material,  whether  liquid 
or  solid.  It  will  universally  be  admitted 
that  the  subject  is  of  sufficient  national  im- 
portance to  justify  experiments,  even  at  some 
cost  to  those  concerned ;  and  it  must  be 
borne  in  mind  that  the  man  who  tries  and 
fails,  is  in  a  much  better  position  than  the 
man  who  never  tries  at  all.  The  standard 
of  purity  laid  down  by  the  Commissioners  is 
to  the  effect  that  "Any  liquid  containing  in 
suspension  more  than  one  part  by  weight  of 
dry  organic  matter  in  100,000  parts  by 
weight  of  the  liquid,  is  inadmissible  into 
any  stream  or  natural  watercourse."  It 
must  be  admitted  that  generally  this  is 
rather  a  stringent  provision ;  but  when  it  is 
considered  that  not  only  do  cattle,  but  hu- 
man creatures  drink  from  the  streams  which 
are  so  seriously  polluted  by  offending  par- 
ties, it  is  difficult  to  assert  that  it  is  more 
prohibitive  than  it  ought  to  be.  Besides, 
the  real  gist  of  the  prohibition  is  to  restore, 
if  possible,  our  rivers  and  streams  to  their 
normal  condition  of  purity.  In  spite  of 
what  the  interested  parties  may  assert  to  the 
contrary,  we  are  convinced  that  they  have 
little  to  do  but  to  exercise  their  own  ingenui- 
ty, and  put  their  shoulders  to  the  wheel,  and 
they  will  very  soon  discover  a  mode  of  com- 
plying with  the  law  which  will  not  only  re- 
lieve their  neighbors  from  the  evil  under 
which  they  have  so  long  suffered,  but  which 
may  recoup  themselves  for  any  outlay  they 
may  have  to  incur.  As  the  matter  stands,  so- 
cially speaking,  it  cannot  be  denied  that  the 
proprietors  of  manufacturing  and  industrial 


establishments  make  large  fortunes  out  of 
certain  materials,  and  those  which  are  of  no 
further  use  to  them  they  send  adrift,  by  no 
means  to  the  benefit  of  the  rest  of  the  com- 
munity. 

The  administration  of  a  law  is  a  very 
simple  matter,  and,  as  a  rule,  is  carried  out 
in  its  full  intent  and  spirit.  But  the  execu- 
tion of  the  law  is  a  very  different  affair,  and 
it  depends  altogether  upon  the  manner  in 
which  it  is  put  in  force,  whether  it  be  really 
efficient  or  becomes  merely  a  dead  letter.  A 
considerable  number  of  our  laws  are,  as  a 
fact,  rendered  completely  null  and  void  by 
the  inefficient  and  evasive  manner  in  which 
they  are  executed.  It  is  of  little  use  to  lay 
down  the  law,  if  prompt  action  be  not  taken 
to  enforce  compliance  with  it.  Probably  no 
legal  enactments  are  treated  with  so  much 
general  contempt  as  those  pertaining  to 
sanitary  measures.  The  reason  is  to  be 
found  in  the  circumstance  that  the  execution 
of  the  laws  relating  thereto,  is  vested  in  the 
power  of  those  who  very  frequently  have  the 
strongest  possible  personal  interest  in  not 
carrying  them  out.  A  flagrant  instance  of 
this  kind  was  given  in  a  leading  article  of 
ours  a  wreek  or  two  ago.  Whatever  may 
be  the  conditions  proposed  in  Mr.  Stanfield's 
bill,  or  however  stringently  they  may  be 
enunciated,  they  will  practically  be  inopera- 
tive if  the  executive  power  is  to  be  vested  in 
the  persons  whom  that  gentleman  considers 
the  best  suited  for  the  purpose.  Mr.  Stan- 
field  proposes  to  confide  to  the  justices  the 
duty  of  detecting  the  pollution  of  our 
streams,  and  of  imposing  the  penalties 
sanctioned  by  his  Act ;  but  this  is  probably 
equivalent  to  making  the  proprietor  of  a 
factory  his  own  inspector.  Supposing  for  a 
moment  that  the  authorities  mentioned  were 
disinterested  parties  in  •  the  question,  they 
are,  nevertheless,  utterly  incompetent  to  the 
task,  which  is  a  very  difficult  one  to  perform 
justly.  As  a  rule,  they  are  men  of  very 
moderate  scientific  attainments,  and  totally 
unfit  to  be  intrusted  with  the  serious  re- 
sponsibility of  deciding  whether  "  the  best 
practicable  means  of  prevention  or  purifica- 
tion have  been  used."  This  very  question 
is  still  undecided,  and  has  for  a  long  time 
engaged  the  attention  of  some  of  our  most 
eminent  chemists  and  engineers,  and  yet  it 
is  now  to  be  summarily  settled  by  men  who 
have  possibly  never  given  a  thought  to  it. 
When  "  the  best  practicable  means  "  have 
been  determined,  it  will  be  quite  time 
enough  to  call  upon  incompetent  judges  to 
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enforce  their  adoption.  The  strongest  ob- 
jection to  the  appointment  of  justices,  as  the 
arbitrators  in  the  case  of  river  pollution,  lies 
in  the  fact  that  in  the  manufacturing  dis- 
tricts the  majority  of  them  must  be  directly 
or  indirectly  interested  in  the  very  causes 
upon  which  they  are  appointed  to  adjudi- 
cate. Imagine  a  whole  board  of  justices 
trying  such  cases  and  giving  their  decision 
with  similar  actions  pending  against  them- 
selves. The  realization  of  the  idea,  which 
is  a  very  probable  contigency,  would  be 
fi  p  y  a  malversation  of  justice.  Moreover, 
the  elasticity  of  the  clause  relating  to  the 
discretionary  power  vested  in  the  justices  is 
very  remarkable.  They  can  dismiss  any 
case  provided  they  are  satisfied  that  "  the 
best  means"  have  been  used,  or  that  the 
nuisance  complained  of  is  "trivial,"  or  "  un- 
appreciable,"  or  "unavoidable."  We  im- 
agine that  they  would  generally  be  a  very 
well  satisfied  bench,  and  contented  to  let 
matters  take  their  course.  It  is  needless  to 
point  out  that  to  frame  laws  which  are  in 
themselves  calculated  really  to  benefit  the 
public,  and  to  intrust  the  execution  of  them 
to  interested  parties,  is  a  mistake,  and  only 
tends  to  render  inefficient  that  which  should 
excite  feelings  of  responsibility  and  respect. 
The  proper  official  to  supervise  the  execu- 
tion of  the  law  relating  to  the  pollution  of 
rivers  and  streams  should  be  an  independent 
person  paid  by  the  Government,  and  ame- 
nable to  the  same  authority  only  for  his 
actions.  His  salary  should  be  sufficient  to 
enable  him  to  maintain  the  position  of  a 
gentleman,  and  his  character  should  be  such 


as  to  place  him  beyond  the  suspicion  of  be- 
ing actuated  by  any  motives  in  the  dis- 
charge of  his  duty  save  those  of  integrity 
aud  impartiality.  In  the  event  of  a  com- 
plaint being  lodged  against  a  party,  the 
official  in  question  would  investigate  the 
matter,  and  if  he  found  that  the  law  was 
violated  he  would  act  in  the  capacity  of  a 
public  prosecutor,  and  the  plaintiff  would 
thus  be  a  mere  witness.  In  the  event  of 
either  party  being  dissatisfied  with  the  de- 
cision, an  appeal  should  be  allowed  to  an- 
other jurisdiction.  But  it  is  very  unlikely 
that  matters  would  ever  reach  this  point. 
The  cases  of  river  pollution  which  have 
hitherto  presented  themselves  have  not 
reached  so  great  a  pitch  of  refinement. 
They  have  been  so  flagrant  and  so  palpable 
that  the  senses  were  quite  sufficient  to  de- 
tect them  without  calling  in  the  aid  of  the 
savant  and  the  chemist.  When  the  color 
of  that  which  was  once  a  clear  current  of 
water  becomes  as  black  as  ink,  and  when 
the  stream  can  be  smelt  long  before  it  is 
visible,  it  seems  a  farce  to  analyze  its  con- 
tents in  order  to  demonstrate  their  foul  and 
contaminated  condition.  In  order  to  main- 
tain our  rivers  and  streams  in  a  pure, 
wholesome  state,  the  refuse  of  manufacto- 
ries must  be  treated  in  a  manner  v  hich  has 
not  hitherto  been  adopted.  The  law  does 
not  concern  itself  about  the  means  ;  it  looks 
only  to  the  end. 

The  sooner  manufacturers  in  their  own, 
interests  concern  themselves  about  both, 
the  better  for  themselves  aud  the  commu- 
nity in  general. 


FRICTION  CLUTCHES  FOE  ROLLING  MILLS. 


From   "The  Engineer. " 


The  papers  "  On  Frictional  Clutches  for 
Boiling  Mills,"  read  during  the  recent  meet- 
ing of  the  Iron  and  Steel  Institute,  as  well 
as  the  discussion  which  followed,  are  remark- 
able for  their  intensely  practical  character. 
No  one  attempted  to  deal  with  the  theory 
of  the  subject  in  hand,  or  did  more  than 
indicate  in  the  fewest  possible  terms  the  na- 
ture of  the  conditions  to  be  observed,  or  the 
principles  on  which  a  clutch  suitable  for 
rolling  mills  should  be  constructed.  All 
that  is  to  be  gathered  from  the  papers  and 
discussion  as  a  guide  to  those  who  would 
attempt  to  improve  on  existing  clutches,  is 


that  the  engine  should  be  able  to  make 
from  one-half  to  three-quarters  of  a  revolu- 
tion before  the  rolls  start  in  either  direction ; 
and  that  both  the  Napier  clutch,  the  Steven- 
son clutch,  and  Mr.  Eamsbottom's  system 
are  capable  of  giving  satisfaction  to  iron- 
masters. There  was  no  theory  talked  at  all ; 
every  man  spoke  of  the  things  brought  un- 
der his  notice  in  the  most  matter-of-fact 
way,  and  therefore  the  papers  and  discus- 
sion are  singularly  circumscribed  as  regards 
interest.  We  shall  endeavor  to  compensate 
as  far  as  lies  in  our  power  for  the  deficiency, 
by  investigating   the    questions    connected 
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with,  reversing  mills  in  a  hardly  less  practi- 
cal, albeit  more  comprehensive  spirit. 

Before  it  is  possible  to  pronounce  an 
opinion  on  the  merits  of  any  system  of  work- 
ing reversing  rolls,  or  to  attempt  to  design 
a  satisfactory  system  of  reversing,  it  is 
essential  that  the  nature  of  the  work  to  be 
performed  and  the  difficulties  to  be  over- 
come should  be  fully  mastered.  The  prob- 
lem may  be  thus  stated  in  its  simplest 
form  : — Given  two  cast-iron  rolls,  from  18 
in.  to  32  in.  in  diameter,  and  from  6  ft.  .  to 
10  ft.  or  12  ft.  long,  required  the  means  of 
causing  these  rolls  to  revolve  in  either  di- 
rection at  will,  the  change  of  motion  to  be 
effected  with  the  minimum  of  noise  and  shock. 
Under  the  old  system  the  crank  shaft  of  a 
steam  engine,  always  running  in  one  direc- 
tion, communicates  motion  to  a  system  of  spur 
wheels,  so  arranged  that  one  shaft  of  the 
system  in  line  with  the  rolls  can  be  driven 
in  either  direction,  just  as  one  or  other  of  two 
heavy  pinions  is  fixed  to  it  or  runs  loose 
on  it.  Each  pinion  is  fixed  to  the  shaft,  or 
runs  loose  upon  it,  according  to  the  position 
of  a  heavy  double  clutch,  which,  sliding  on 
feathers  in  the  shaft,  or  on  a  square  on  the 
shaft,  so  that  it  must  rotate  with  the  shaft, 
may  be  thrown  into  gear  with  one  or  other 
of  two  pinions  running  when  the  clutch  is 
in  mid  position  loose  on  the  shaft  in  oppo- 
site directions.  As  the  clutch  is  thrown  into 
gear  to  the  right  or  left  it  will  rotate  with 
one  or  other  of  the  pinions,  and  so  carry 
round,  the  shaft  and  the  rolls.  A  heavy 
shock  takes  place  at  the  moment  the  claws 
of  the  clutches  come  into  contact.  To  get 
rid  of  this  shock  is  the  special  function  of 
frictional  clutches.  Under  this  system  very 
heavy  and  expensive  gearing  is  required  ; 
pinions  8  ft.  and  10  ft.  in  diameter,  2  ft. 
wide  on  the  face  and  7  in.,  9  in.,  and  even 
as  much  as  11  in.  pitch  being  not  unfre- 
quently  met  with  in  heavy  plate  mills.  To 
dispense  with  this,  Mr.  Eamsbottom,  late  of 
the  London  and  North-Western  Railway, 
introduced  at  Crewe  a  system  of  reversing 
in  which  two  coupled  high-speed,  horizon- 
tal engines  drove  a  large  spur  wheel  on  the 
roll  shaft  by  means  of  a  pinion  on  the  crank 
shaft.  No  fly-wheel  is  used,  and  the  rolls 
are  reversed  by  reversing  the  engines,  which 
is  done  with  a  link  motion,  as  in  locomo- 
tives. This  system  has  been  fairly  success- 
ful in  many  respects,  but  is  open  to  objec- 
tions. 

The  shock  to  which  the  machinery  is  ex- 
posed when  the  old  clutch  system  is  used, 


is  principally  due  to  the  fact  that,  at  the 
moment  of  reversal,  while  the  pinions  are 
running  at  from  thirty  to  fifty  revolutions 
per  minute — more  usually  the  former  speed 
—  the  rolls  and  shaft  are  standing  still. 
When  the  clutch  is  thrown  into  gear  with 
either  pinion,  the  entire  inertia  of  the  roll 
shaft,  the  clutch,  the  coupling-boxes,  and 
the  rolls,  has  to  be  overcome,  if  not  instan- 
taneously, still  within  that  fraction  of  a 
revolution  allowed  by  the  slackness  of  the 
clutch  on  the  feathers,  and  of  the  coupling- 
boxes.  The  rolls  are  never  running  in  one 
direction  at  the  time  of  reversal,  while  the 
pinions  are  running  in  another.  There  is  a 
heavy  shock,  which  sometimes  breaks  the 
clutch.  If  the  rolls,  shaft,  coupling-boxes, 
and  clutch  can  be  started  gradually  into  mo- 
tion, instead  of  suddenly,  there  will  be  no 
shock.  The  object  of  the  friction  clutch  is 
to  secure  this  end.  The  clutch,  on  being 
thrown  into  gear,  is  to  slip  until  a  certain 
point  has  been  reached,  when  the  rolls  will 
begin  to  move  very  slowly,  and  they  will 
then  continue  to  move  with  a  gradually 
accelerated  pace,  the  amount  of  slip  becom- 
ing less  and  less  until  the  clutch  and  the 
rolls  revolve  at  the  same  velocity.  The  ac- 
tion of  a  clutch  in  this  way  will  effectually 
prevent  shock.  The  problem  is  to  make  a 
clutch  which  will  comply  with  the  required 
conditions  in  practice.  The  first  difficulty  to 
encounter  is  this  :  the  shock  is  due  solely  to 
the  inertia  of  the  rolls,  etc.,  and  the  bite  of  the 
clutch  must  be  so  much  less  than  the  iner- 
tia of  the  rolls  that  that  inertia  will  cause 
the  clutch  to  slip  in  the  first  instance.  But 
it  is  evident  that  if  at  any  subsequent 
moment,  when  the  iron  is  going  through 
the  rolls,  the  resistance  should  be  greater 
in  amount  than  the  inertia  of  the  rolls, 
that  then  the  bite  of  the  clutch  will  be 
too  little,  aud  the  clutch  will  slip  while  the 
rolls  stand  still.  If  we  attempt  to  overcome 
this  difficulty  by  making  the  bite  of  the 
friction  clutch  great  enough  to  carry  the  iron 
through,  then  it  will  bite  hard  enough  to 
overcome  the  inertia  of  the  rolls  at  cnce. 
In  a  word,  it  will  not  allow  any  slip,  but 
will  work  like  the  claw  clutch  and  give  just 
as  much  shock  to  the  gearing.  The  clutch, 
to  be  perfect,  should  be  adjustable  during 
rotation — that  is  to  say,  it  should  be  slack 
at  first,  and  go  on  getting  tighter  and 
tighter,  until  finally  it  was  so  tight  that 
nothing  which  could  be  put  between  the 
rolls  would  cause  it  to  slip.  We  are 
not     aware    that    any    clutch     complying 
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fully  with  this  condition  is  in  use  in  roll- 
ing mills. 

A  favorite  device  for  getting  rid  of  shocks 
is  to  fit  up  the  clutch-box  with  a  system  of 
springs  or  buffers.  Such  clutches  have  al- 
ways failed  in  rolling  mills.  The  springs 
do  prevent  shock,  it  is  true,  to  a  great  ex- 
tent ;  but  once  the  rolls  are  started  the 
springs  relax,  to  be  again  compressed  when 
the  iron  is  going  through,  and  the  effect  is, 
that  instead  of  a  rigid  union  existing  be- 
tween the  engine  shaft  and  the  rolls  we 
have  an  elastic  union.  The  rolls  move  by 
jumps  instead  of  uniformly,  and  it  is  im- 
possible to  do  good  work.  For  this,  among 
other  reasons,  springs  have  been  aban- 
doned. They  comply  with  but-  one  condi- 
tion of  the  problem.  In  order  to  show 
what  perfect  action  in  a  clutch  would  be, 
we  may  describe  an  imaginary  mechanical 
combination,  which  illustrates  the  points  at 
issue  very  clearly.  Let  us  suppose  that  to 
one  horn  of  a  clutch  of  considerable  diam- 
eter the  end  of  a  curved  piston-rod  is  fixed, 
and  that  to  the  opposing  horn  of  the  other 
half  of  the  clutch  a  curved  cylinder  is  at- 
tached, making  up  three-fourths  of  a  circle. 
Let  this  cylinder  be  filled  with  water,  and 
let  the  piston  be  at  rest  on  the  surface  of 
the  water.  Furthermore,  let  an  orifice  of 
considerable  size  be  made  in  the  piston,  by 
which  the  water  can  flow  from  one  side  to 
the  other  as  the  piston  moves.  This  orifice 
must  be  controlled  by  a  valve  so  regulated 
that  as  the  piston  moves  in  the  cylinder  the 
valve  will  close  gradually,  being  quite  shut 
when  the  piston  is  near  the  bottom  of  the 
cylinder.  Fancy  the  cylinder  fixed  to  the 
roll  shaft,  the  piston  to  the  engine  shaft. 
Let  us  suppose  the  engine  to  begin  to  move 
at  a  uniform  rate.  The  piston,  meeting 
with  little  or  no  resistance,  will  at  first 
move  freely  in  the  cylinder,  the  water  pas- 
sing through  it ;  but  the  further  the 
piston  advances  the  greater  the  resist- 
ance becomes,  because  of  the  difficulty 
of  forcing  the  water  through  a  smaller  and 
smaller  orifice  ;  so  more  and  more  strain  is 
applied  to  the  roll  shaft,  which  at  last  be- 
gins to  rotate  slowly,  and  then  faster  and 
faster,  until  its  speed  is  that  of  the  engine 
shaft,  or  nearly  so.  It  never  can  become 
precisely  the  same  until  the  piston  has 
reached  such  a  point  in  the  cylinder  that 
the  valve  is  quite  closed ;  but  once  this 
point  is  reached,  an  incompressible  bed  of 
water  will  lie  under  the  piston,  and  the 
clutches  will  then  act  as   though  they  were 


metal  to  metal.  A  little  reflection  will  show 
that  such  an  action  as  the  foregoing  would 
render  a  clutch  perfect.  The  difficulty  is  to 
apply  the  principle  in  practice. 

The  nature  of  the  work  to  be  done  may 
be  further  illustrated  by  supposing  a 
paddle-wheel  to  be  hung  over  a  tank  of 
water  so  that  its  floats  just  touch  the  sur- 
face. Let  this  paddle-wheel  be  lowered  by 
degrees  until  it  is  wholly  immersed,  and 
we  shall  have  an  exact  paralled  to  the  way 
in  which  the  resistance  of  the  rolls  should 
constitute  a  gradually  augmenting  resist- 
ance to  the  engine.  Neither  of  the  clutch- 
es described,  nor,  in  short,  any  frictional 
clutch  whatever,  can  comply  fully  with  the 
conditions  satisfied  by  the  water  cylinder 
and  piston.  The  best  mode  of  illustrating 
the  action  of  any  adjustable  friction  clutch, 
that  we  can  think  of,  is  to  suppose  a  loco- 
motive slipping  with  a  heavy  load  so  that 
it  cannot  advance.  Then  let  pig  iron  be 
piled  on  it  until  the  adhesion  becomes  suffi- 
cient, and  the  engine  will  proceed.  The  fric- 
tional resistance  between  wheel  and  rail  is 
supposed  to  increase  gradually  in  direct 
proportion  to  the  weight ;  but  in  practice 
we  know  that  it  would  be  impossible  to  hit 
on  a  point  where  the  adhesion  would  be 
just  sufficient,  while  it  was  certain  that  the 
tire  and  the  rail  did  not  cut  each  other. 
Friction  clutches  are  always  liable  either  to 
slip  or  to  seize.  We  do  not  say  that  they 
are  always  slipping  or  seizing,  but  that 
either  contingency  can  only  be  guarded 
against  by  the  use  of  precautions  which  it  is 
difficult  to  secure  in  the  rough  and  heavy 
working  of  an  iron  rolling-mill.  Neither 
Mr.  Napier's  nor  Mr.  Stevenson's  ingenious 
arrangements  comply  with  all  the  condi- 
tions of  a  perfect  reversing  clutch. 

Mr.  Ramsbottom's  arrangement  is  open 
to  the  grave  objection  that  it  is  extravagant 
in  the  consumption  of  steam,  because  ex- 
pansion cannot  be  used  to  any  except  the 
most  trifling  extent.  It  does  not  wholly 
dispense  with  gearing,  and  there  is,  no  doubt, 
a  good  deal  of  back  lash  and  chatter  when 
the  gearing  is  at  all  worn.  Still,  where 
there  is  plenty  of  steam  to  sra  e,  the  ar- 
rangement possesses  many  desirable  features 
which  would  incline  us  to  adopt  it  in  pref- 
erence to  any  clutch  gear  yet  introduced 
in  practice.  Whether  it  is  as  suitable  for 
the  production  of  the  finest  quality  of  plates 
as  the  old  system,  is  an  open  question 
which  we  need  not  at  present  discuss.  It 
is  quite  certain  that  we  have  by  no   means 
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reached  finality  in  the  matter  of  driving 
reversing  rolling  mills ;  and  while  we  ad- 
mit that  Mr.  Napier  and  Mr.  Stevenson 
have  done  much  to  improve  the  machinery 


by  which  such  mills  are  impelled,  we  also 
hold  that  there  is  plenty  of  opportunity  for 
the  inventors  of  clutches  to  produce  some- 
thing very  much  better. 


DYNAMITE  IN  FEANCE. 


From  "Engineering." 


At  the  present  time,  when  the  ad- 
vocates of  the  various  explosives,  gun-cot- 
ton, dynamite,  or  lithofracteur,  are  pressing 
forward  the  claims  of  the  several  agents  ; 
when  a  hundred  industries  in  this  country 
are  anxiously  inquiring  which  is  the  best 
explosive  they  can  employ,  and  how  they 
may  obtain  it  in  sufficient  quantity,  and 
when  a  careful  Government,  anxious  not  to 
commit  itself  by  injudicious  haste,  is  delib- 
erating on  the  subject  with  more  than 
usual  slowness,  it  is  interesting  to  turn  to 
France,  and  note  what  has  already  been 
done  in  that  country  with  dynamite,  in  or- 
der that  we  may  gain  some  further  experi- 
ence on  the  subject,  and  learn  how  far  this 
explosive  material  may  be  used  in  safety, 
and  with  what  effect  it  is  employed.  In  the 
"  Bulletin  de  la  Socie'te'  de  l'lndustrie 
Mine'rale,"  an  important  and  able  publi- 
cation, there  have  recently  appeared  several 
reports  upon  the  subject  by  MM.  Chauselle, 
Griot  and  Grille,  three  well-known  mining 
engineers. 

At  Firminy,  excellent  results  have  been 
obtained  in  the  open  quarries,  both  in  ex- 
cavating sandstone  for  building  purposes, 
and  in  the  alluvial  deposits,  in  limestone, 
quartz,  and  mica  schists,  with  clay  more 
or  less  sandy,  and  in  beds  sometimes  very 
compact,  and  difficult  to  attack ;  the  useful 
effect  of  the  class  of  dynamite  known  as 
No.  3  has  been  shown  equal  to  that  of  two 
or  three  times  that  of  ordinary  blasting 
powder. 

But  it  has  been  especially  in  sinking  shafts 
that  dynamite  has  been  used  with  the 
greatest  effect.  In  the  Camille  shaft  from 
1200  to  1500  gallons  of  water  an  hour  were 
encountered,  which  hindered  the  work  of  the 
miners  greatly.  Tamping  with  the  ordi- 
nary powder  was  impossible,  and  the  diffi- 
culty was  avoided  by  the  use  of  dynamite, 
of  which  quality  No.  1  was  employed,  as 
being  more  violent  in  its  action  and  less  af- 
fected by  water — the  matches  were  either 
tarred  or  laid  in  tubes  of  gutta  percha.  At 
first  the  rate  of  progress  was  from  16  to  20 


ft.  a  month,  but  afterwards  the  advance 
rose  to  32  ft.  per  month ;  whilst  with  com- 
mon powder,  and  under  similar  conditions, 
only  about  20  ft.  were  obtained.  The  ad- 
vance was  thus  one  and  a  half  times  that 
obtained  with  powder,  whilst  the  cost  was 
reduced  in  the  same  poportion,  because  the 
price  of  the  explosive  is  reduced  in  proportion 
to  the  other  expenses.  In  fissured  and  water- 
bearing rocks,  the  advance  was  increased 
almost  threefold.  As  to  the  noxious  effects 
of  dynamite,  the  numerous  trials  made  at 
Firminy  show  that  the  vapor  is  less  disa- 
greable  than  that  from  ordinary  powder, 
and  that  it  is  not  more  hr.rtful  to  life.  The 
engineer  of  the  mines  at  Firminy,  without 
showing  any  desire  to  claim  more  for  dyna- 
mite than  can  be  fairly  accorded  to  it,  says 
that  the  advantages  it  offers,  such  as  rapid- 
ity in  excuting  work,  and  in  facilitating 
operations  that  would  be  almost  impossible 
with  common  powder,  are  so  great  that 
they  cannot  be  easily  exaggerated. 

In  the  Montrambert  mines  the  employ- 
ment of  dynamite,  limited  at  first  to  sinking 
one  shaft,  was  afterwards  extended  to  the 
construction  of  almost  all  the  galleries  in 
the  rock,  ordinary  powder  being,  however, 
also  used.  Water-bearing  strata  are  fre- 
quently encountered  at  Montrambert,  and 
in  these  cases  the  dynamite  is  especially 
valuable.  The  engineer  asserts  that  dyna- 
mite No.  1  is  unaffected  by  water,  in  which 
dynamite  No.  3  also  explodes  well,  and  he 
also  states  that  the  gases  resulting  from  ex- 
plosion are  inoffensive.  Thus,  at  the  end 
of  a  heading  where  the  ventilation  was 
very  imperfect,  immediately  after  six  char- 
ges of  dynamite  had  been  exploded  simul- 
taneously, the  miners  were  able  to  enter  the 
heading  without  inconvenience,  and  to  re- 
main there  until  all  the  smoke  had  disap- 
peared. The  general  results  from  the  em- 
ployment of  dynamite,  as  compared  with 
ordinary  powder  at  these  mines,  have  been 
as  follows :  In  sinking  a  shaft  through 
very  hard  stone,  a  progress  of  24.5  ft.  was 
obtained  in  a  month  by  using   gunpowder 
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and  dynamite.  Through  some  means  the 
supply  of  dynamite  having  failed,  the  pro- 
gress for  a  month  with  common  powder  was 
18.5  ft.  This  difference  was  exceeded  in 
some  cases.  In  the  hard  rocks  of  Mont- 
rambert  the  cost  of  ordinary  powder  per 
day  per  man  was  15d.,  with  dynamite  it 
was  increased  to  20  and  22. 5d.,  making  a 
proportion  of  1  to  1.50,  but  the  rate  of  prog- 
gress  being  greater,  this  proportion  is  re- 
duced to  1  to  1.12.  In  the  water-bearing 
strata  the  rate  of  advance  was  doubled  by 
dynamite.  The  engineer  of  the  Montram- 
bert  mines  states  that  the  comparatively  low 
results  obtained  by  the  employment  of  dyna- 
mite should  be  for  the  most  part  attributed 
to  the  want  of  skill  in  its  use  on  the  part 
of  the  workmen. 

At  the  new  shaft  of  Chana  in  the  mines 
of  the  Society  of  the  Loire,  dynamite  has 
been  employed  since  last  February.  The 
first  explosion  did  not  touch  the  rock  ;  it 
proved,  however,  that  the  gas  produced  by 
the  explosion  did  not  inconvenience  the 
miners.  Now  the  bottom  of  the  shaft  was 
at  that  time  abcut  460  ft.  from  the  ground 
level,  and  without  any  ventilation ;  with 
common  powder  the  smoke  did  not  disap- 
pear, and  it  was  necessary  to  keep  up  a  con- 
stant current  of  air.  In  the  second  place 
this  explosion  showed  that  dynamite  could 
be  discharged  perfectly  in  water,  because 
the  hole  was  wet  at  the  time  of  explosion. 
Subsequent  trials  having  given  only  moder- 


ate results,  the  manager  of  the  works  was 
sent  to  the  mines  of  Montrambert  to  study 
the  best  mode  of  employing  the  dynamite. 
Since  his  return,  after  having  made  himself 
acquainted  with  the  method  of  using  the 
explosive,  the  results  obtained  have  been 
found  very  satisfactory.  As  many  as  twelve 
charges  have  been  fired  together  in  the 
water  successfully,  both  with  powders  Nos. 
1  and  3.  With  the  latter  it  was  necessary  to 
work  more  rapidly ;  the  only  precaution 
necessary,  was  to  cover  the  cartridge  with 
a  thickness  of  earth.  We  may  compare 
the  results  obtained  in  this  mine  with  dyna- 
mite, and  with  common  powder.  From  the 
1st  to  the  lOth'of  April  a  depth  of  11.7  ft., 
with  a  diameter  of  14.4  ft.,  was  driven,  or 
during  15  days  16.5  ft.  With  the  ordinary 
powder  13  ft.  in  15  days  was  effected.  On 
the  other  hand  the  cost  per  day,  was  with 
the  dynamite,  18  francs,  and  with  the  pow- 
der 14.50  francs,  or  altogether  an  excess  of 
the  former  of  52.50  francs  during  the  15 
days,  an  insignificant  sum  compared  with 
the  total  work,  the  price  per  metre  run  being 
255  francs.  Altogether,  with  a  slight  in- 
crease in  cost,  an  increase  in  the  progress  of 
one-third  was  effected. 

In  sinking  the  central  shafts,  in  the  Fer- 
rieries  mining  concessions,  the  advantage 
still  lay  with  the  dynamite,  more  marked 
on  account  of  the  hardness  of  the  rocks 
and  the  quantity  of  water  met  with  in  the 
shaft. 


ON  BURNED  OR  CRYSTALLIZED  IRON. 

By  H.  CAROX. 

From  the  "  Bulletin  of  the  American  Iron  and  Steel  Association." 


Many  throries  on  certain  supposed  prop- 
erties of  iron  have  been  founded  upon  im- 
pel £  ct  observations,  and  have  been  generally 
accepted  without  verification.  This  mode 
of  procedure  does  much  to  hinder  true  prog- 
ress in  metallurgy.  I  hope  to  be  of  some 
use  by  rectfying  a  few  of  the  ideas  which 
have  teen  too  lightly  admitted. 

One  of  the  most  inveterate  prejudices  is 
the  following  :  When  a  bar  of  iron  of  good 
quality,  fibrous  and  tenacious,  has  been 
heated,  to  a  welding  heat,  and  is  then  allow- 
ed to  coal  slowly  in  the  air,  without  being 
# hammered,  a  metal  is  ob tamed  which  is 
brittle,  both  when  warm  and  cold,  and  of 
which  the  fracture  presents  a  very  laminated 
and  crystalline  structure.     Such  iron  is  said 


to  be  burnt,  and  it  is  generally  supposed 
that  the  metal  has  absorbed  oxygen.  Kar- 
sten  himself,  in  his  excellent  '•  Treatise  on 
Metallurgy,"  supposes  that  the  iron  in  this 
state  has  been  transformed  into  a  lower 
oxide,  of  an  unknown  composition.  This  is 
the  hypothesis  at  present  held. 

My  first  idea  was  by  direct  analysis  to 
discover  the  cause  of  this  phenomenon  ;  but, 
in  spite  of  all  my  efforts  and  precautions,  I 
have  not  been  able  in  this  way  to  pronounce 
conclusively  as  to  the  facts  of  the  case.  The 
iron  before  as  well  as  after  heating,  invaria- 
bly contained  oxygen,  carbon,  silicium,*  etc., 

*It  is,  of  course,  understood  that  there  is  such  a  thing  as 
perfectly  pure  iron.  I  speak  merely  of  the  iron  with  which  I 
experimented. 
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but  the  proportions  of  these  substances,  at 
all  times  very  small,  appeared  to  be  so 
nearly  the  same  in  the  good  and  in  the 
burnt  iron,  that  my  analysis  did  not  permit 
me  to  draw  any  certain  conclusions.  I  then 
had  recourse  to  direct  experiments,  and  it  is 
of  these  that  I  now  record  the  results. 

A  bar  of  Tranche  Comte  iron,  of  which 
the  strength  and  fibrous  structure  had  been 
previously  ascertained  by  the  means  ordi- 
narily employed,  was  cut  up  into  small 
pieces.  Some  of  these  were  heated  to  a 
welding  temperature  in  an  ordinary  forge  ; 
others,  after  being  placed  in  a  porcelain 
tube,  were  heated  to  approximately  the  same 
temperature  in  a  current  of  hydrogen,  or 
of  nitrogen.  After  being  cooled  slowly,  all 
the  pieces,  without  exception,  presented  in 
their  fracture  the  characteristic  crystalline 
structure  of  burnt  iron.  Forged  at  a  red 
heat,  or  broken  in  the  cold,  they  retained 
the  same  properties,  and  the  same  defects. 
Heated  to  whiteness,  they  all  returned  to 
very  nearly  their  pristine  state. 

The  so-called  burnt  iron  appears,  there- 
fore, to  be  obtained  at  will  in  either  an 
oxidizing,  neutral,  or  reducing  atmosphere, 
and  I  believe  it  must  be  admitted,  therefore, 
that  the  deterioration  of  the  metal  is  not  due 
to  the  absorption  of  a  particular  gas,  but 
simply  to  the  action  of  heat,  which  under 
certain  conditions  modifies  the  molecular 
constitution.  It  is  also  assumed  that  con- 
tinued vibration  renders  iron  crystalline  and 
brittle.  I  have  not  gone  into  this  subject 
thoroughly,  but  I  may  remark  that  the  in- 
vestigations made  upon  our  railways,  and  es- 
pecially those  of  the  late  De  Senarmont,  and 
La  Chatelier,  have  shown  that  the  fractures 
of  tyres  and  axles  can  always  be  explained 


by  either  bad  workmanship  or  the  inferior 
quality  of  the  iron  employed.  The  crystal- 
line appearance  of  bars  of  iron,  axles,  etc., 
broken  in  winter  time,  has  led  to  a  wide- 
spread notion — which  is,  however,  equally 
erroneous — that  under  the  influence  of  the 
cold  of  our  winters  iron  becomes  brittle. 
That  we  have  more  axles  broken  in  winter 
than  in  summer,  that  the  bones  of  men  and 
of  animals  are  also  more  easily  fractured,  is 
incontestable  ;  but  the  cause  of  these  more 
frequent  accidents  may  be  the  increased 
hardness  of  the  soil,  the  stiffening  of  the 
muscles,  and  the  increased  shock  therefrom 
experienced  when  collisions  take  place.  It 
is,  therefore,  by  no  means  clear  that  crystal- 
lization observed  in  the  fractured  pieces  is 
due  to  the  lowering  ot  the  temperature.  If 
this  be  so,  it  would  be  necessary  to  suppose 
that  a  bar  of  iron  crystalline  at  — 20  deg.  C, 
would  resume  its  fibrous  condition  at-p--'-* 
deg.  C. 

Several  pieces  of  good  bar  iron  I  caused 
to  be  exposed  to  the  intense  cold  of  last 
winter,  other  pieces  I  inclosed  in  the  ice  well 
of  Ch.  Tellier,  at  Antueil,  for  three  months, 
the  temperature  ranging  from  zero,  to — 18 
deg.  C.  I  have  broken  the  pieces  thus 
treated  under  a  variety  of  conditions  of 
temperature,  some  of  them  whilst  still  cold, 
others  when  they  had  regained  several  de- 
grees above  zero.  Their  breaking  strain 
was  the  same  as  before  the  commencement 
of  the  experiments,  and  in  no  case  was  the 
structure  crystalline. 

I  must,  however,  state  that  all  my  experi- 
ments were  made  with  good  iron  ;  in  the 
case  of  poor  iron  I  do  not  doubt  but  that  the 
brittleness  may  be  materially  augmented  by 
exposure  to  cold. 
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(Continued  from,  page  359.) 
III. 


ON    THE    TRANSPORTATION"    OF    OIL. 

It  has  been  the  aim  in  these  papers  to 
note  for  general  attention  the  improvements 
and  advances  made  in  all  matters  auxiliary 
to  the  business  of  producing  oil ;  in  the  un- 
looked  for  discovery  unexpected  emergen- 
cies called  for  extraordinary  efforts.  Many 
undertakings  brought  to  a  successful  end 
would  otherwise  have  died  the  usual  death 
of  long  consideration  ;  but  with  the  pros- 
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pect  of  large  and  sudden  gains,  great  risks 
were  taken  and  great  things  accomplished. 
In  moving  a  product  worth  twenty  mil- 
lions annually,  even  the  short  distance  from 
the  wells  to  the  railway,  the  ordinary  team 
was  soon  found  to  be  deficient  in  every  way. 
Where  the  wells  were  situated  near  the 
railway,  or  even  when  distant  at  great  ele- 
vation, the  oil  was  readily  handled  by 
gravity  ;  but  where  hills  and.  valleys  inter- 
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vened,  and  the  distance  was  measured  by 
miles,  the  teamster  ruled  supreme  over  his 
unhappy  animals  and  the  wretched  road. 

For  the  operation  of  piping  the  oil  there 
is  probably  little  or  no  precedent,  the  or- 
dinary conveyance  of  water  by  heads  being, 
as  we  propose  to  show,  of  small  value  in 
that  relation. 

A  4-in.  cast-iron  pipe  with  leaded  joints 
laid  six  miles  down  Oil  Creek  from  Titus- 
ville,  in  1861,  was  such  a  terrific  failure 
that  the  teamsters  took  a  new  lease  of  life 
for  several  years  more.  At  length  Mr. 
Vansyckel,  of  Titusville,  built  the  hrst  line 
of  any  length,  from  Pithole  to  Miller  Farm 
Station,  five  and  a  half  miles.  It  was  built 
in  the  manner  now  generally  adopted,  using 
ordinary  2-in.  well  tubing,  and  had  at  first 
two  intermediate  pumping  stations,  which 
were  subseqently  abandoned  as  unneces- 
sary. 

To  Mr.  Henry  Hurley,  however,  of  New 
York,  for  his  foresight  of  the  value  of  the 
pipe  as  a  means  of  transportation,  as  well 
as  the  courage  and  ability  evinced  in  the 
rapid  extension  of  his  own,  the  purchase  of 
other  lines,  and  the  thorough  and  effective 
organization  of  the  whole,  we  must  give  the 
the  credit  of  being  the  first  to  convert 
doubtiul  efforts  into  a  permanent  and  un- 
questioned success. 

There  are  probably  to-day  in  the  Penn- 
sylvania oil  region,  nearly  200  miles  of  tub- 
iug  in  the  main  lines  and  connections  of  the 
pipe"  companies,  at  least  one-half  of  this 
being  in  the  connections  between  the  wells 
and:the  main  fines. 

The  operation  of  receiving  the  oil  is  quite 
simple,  the  receiving  tanks  for  any  district 
being  placed  so  low  that  they  will  drain  the 
well  tanks,  which  are  run  off  at  stated  in- 
tervals ;  where  a  well  is  lower  than  the  re- 
ceiving tank  a  small  pump  is  run  by  the 
well  engine. 

From  the  receiving  tanks  the  oil  is 
pumped  to  the  shipping  tanks  on  the  rail- 
way and  drawn  from  them  into  the  tank 
cars,  the  longest  distance  covered  with  a 
single  pump  being  about  13  miles. 

The  success  of  this  method  of  transporta- 
tion, although  heretofore  unnoticed,  de- 
serves more  than  passing  attention,  when 
it  is  understood  that  the  average  delivering 
capacity  of  these  2-in.  pipe  lines  is  45 
bbls.  or  1,935  gallons  per  hour,  through  a 
length  of  from  five  to  twelve  miles,  and 
over  elevations  of  from  300  to  400  ft.;  it 
will  be  seen  that  the  questions  of  pressure 


and  required  force  are  taken  at  once  out  of 
the  old  channels  by  the  overwhelming  pre- 
dominance of  the  one  element  of  friction. 

In  a  main  line  of  eleven  miles  in  length 
(60,363  ft.),  with  an  elevation  of  403.82  ft. 
to  overcome  distant  8,000  ft.  from  the  pump, 
and  working  with  a  velocity  of  4  ft.  per 
sec,  the  writer  found  the  head  to  overcome 
friction  by  Weisbach's  formula. 


.0144  + 


.01 


V 


74f\         I 


X 


5.4 


h'  —  head  required  in  feet. 
v   =  velocity  in  feet  per  second. 
I   =  length  of  line  in  feet. 
d   =  diameter  of  pipe  in  inches. 

to  be  2,069.4  ft.,  making  the  total  head  re- 
quired 2,473.22  ft.,  giving  a  pressure  for 
water  of  1,070.05  lbs.,  or  for  oil  of  47  deg. 
Baume  =  7.972  real  gravity,  a  pressure  of 
853  lbs. 

In  practice  this  is  found  to  be  consider- 
ably in  excess,  where  the  route  is  carefully 
selected  and  the  line  properly  laid  ;  as  these 
lines  follow  vertically  the  contour  of  the 
ground  in  a  hilly  country,  this  seems  some- 
what remarkable,  and  it  may  be  mentioned 
that  no  account  was  taken  of  any  increased 
friction  for  the  rise  of  the  line  in  many 
places  above  the  mean  gradient  from  the 
highest  point  to  be  overcome  to  the  point  of 
delivery. 

AVhile  for  economy  all  main  lines  are 
made  "  bee  lines"  from  pump  to  shipping 
station,  the  writer  has  found  that  a  careful 
attention  to  the  route  produced  a  more 
marked  difference  in  the  pressure  at  the 
pump  than  ordinary  supposition  would 
justify  ;  he  regrets  that  space  will  not  per- 
mit him  to  enter  more  fully  into  details  on 
this  point,  and  in  fact  on  many  others  of 
similar  interest  in  this  connection. 

The  cost  of  these  lines,  including  connec- 
tion to  wells,  receiving  and  shipping  tanks, 
and  all  other  expenses,  will  range  between 
$3,500  and  $4,500  per  mile  of  main  line. 

The  simplicity  and  accuracy  of  their 
management  is  shown  by  the  following  list 
of  employees : 

Two  engineers  relieve  each  other  at  the 
pump  every,  twelve  hours  ;  one  man  receives 
the  oil  from  the  wells  and  keeps  the 
gauges,  two  men  receive  and  ship  the  oil  at 
the  railway  station. 

At  11.30  a.  m.  each  day  the  pump  is 
stopped  and  the  gauge  of  the  receiving 
tank  telegraphed  to  the  shipper ;  by  com- 
paring it  with  his  gauges  any  loss  or  differ- 
ence is  at  once  detected.     In  this  way  800 
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bbls.  per  day  will  be  easily  bandied  by  five 
men  and  a  general  superintendent,  that 
would  require  for  the  same  work  150  two- 
horse  teams,  including  with  platform  men 
the  services  of  200  men  and  300  animals, 
to  say  nothing  of  the  800  packages. 

Upon  this  preface  it  is  desired  to  state 
two  propositions. 

1st.  That  a  pipe  line  is  the  cheapest 
method  of  transporting  any  fluid  on  land  for 
any  distance  long  or  short. 

2d.  That  with  crude  and  refined  oil  it  is 
also  the  most  expedient. 

The  first  proposition  is  stated  in  general 
terms  for  the  purpose  of  bringing  to  atten- 
tion a  fact  not  generally  appreciated. 

For  instance,  while  it  would  be  the  cheap- 
est method  of  transportation  per  mile  for 
wine,  alcohol,  or  any  such  fluid  from  New 
York  to  St.  Louis,  it  would  not  be  expedient, 
because  there  is  not  enough  of  either  of 
them  sent  between  those  places. 

But  with  crude  and  refined  oil  it  is  dif- 
ferent, owing  to  the  immense  quantities 
that  must  be  daily  moved. 

In  the  proof  of  the  above  propositions  the 
facts  presented  concerning  the  working  of 
the  pipe  lines  are  taken  from  the  experience 
of  actual  practice,  and  may  therefore  be 
deemed  reliable  ;  the  statements  made  in  re- 
gard to  other  matters  are  open  to  the  judg- 
ment of  all. 

There  being  no  fluid  transported  of  less 
value  per  pound  than  crude  oil,  and  there 
being  no  long  route  over  which  more  passes 
than  from  the  oil  region  to  the  seaboard,  it 
is  considered  that  if  the  feasibility  of  a  pipe 
line  from  the  oil  region  to  the  city  of  New 
York  is  established,  it  would  prove  both  the 
above  propositions. 

The  distance  by  rail  from  New  York  to 
the  oil  region  is  460  miles ;  as  the  lines  be- 
tween the  pumping  stations  of  the  pipe  can 
be  drawn  perfectly  straight,  we  can  safely 
reduce  this  to  420  miles ;  now  if  a  pump 
large  enough  were  placed  in  the  oil  region 
and  pipe  strong  enough  laid  on  the  route, 
one  pump  could  force  it  all  the  way,  but 
the  expense  would  be  so  enormous  as  to 
preclude  its  possibility  ;  also  if  a  very  light 
pipe  were  laid  and  a  pump  placed  every 
mile,  the  cost  of  the  line  would  be  very 
light,  but  the  number  of  employees  requir- 
ed would  be  fatal  to  any  profit.  It  is  evi- 
dent that  there  is  a  mean  somewhere  be- 
tween these  two,  a  balance  as  it  were 
between  pounds  of  iron  used  in  the  con- 
struction   and    wages    of    men    employed 


afterwards  ;  the  writer  places  this  mean  at 
twenty  miles  for  the  extreme  length  of  a 
paying  section  ;  the  points  given  hereafter 
open  it  for  general  consideration. 

We  Avould  then  upon  the  whole  route  to 
the  seaboard  have  twenty-one  sections  of 
twenty  miles  each  ;  let  us  consider  the  cost, 
requirements  and  capabilities  of  one  section, 
and  that  will  answer  for  all. 

In  the  first  place  there  are  18,000  bbls. 
of  crude  oil  produced  daily  ;  of  this  produc- 
tion 8,000  crude  goes  daily  to  the  seaboard 
in  tank  cars  by  four  main  lines — the  Penn- 
sylvania Eailroad,  the  Philadelphia  and 
Erie  Railroad,  the  Erie  Railway  of  New 
York,  and  the  New  York  Central ;  and  of 
the  remaining  10,000  bbls.,  which  is  re- 
fined at  Titusville,  Cleveland,  Buffalo,  and 
Pittsburg,  at  least  8,000  more,  daily,  in 
barrels  or  tank  cars  for  refined  ;  the  balance 
of  2,000  bbls.  being  distributed  West  and 
South.  These  figures  will  vary  somewhat 
during  the  year,  but  are  believed  to  fairly 
represent  a  yearly  average. 

This  amount  of  oil  is  not  equally  divided 
among  the  four  railroads  above  mentioned ; 
but  with  the  view  of  presenting  the  case  in 
the  least  favorable  aspect,  let  us  suppose  it 
so  to  be;  this  would  give  to  each  road  2,000 
bbls.  crude  and  2,000  bbls.  refined  per  day 
of  twenty-four  hours. 

We  have  then  4,000  bbls.  per  day  to 
transport  420  miles;  can  this  be  done  with 
profit  by  pipe  ? 

The  usual  method  of  estimating  this  pro- 
portion is  as  follows  :  An  ordinary  2-in. 
pipe  line  costs  $4,000  per  mile,  in  the  ratio 
of  capable  delivery  this  one  would  cost  at 
least  $8,000,  or  a  total  of  §8,216,000,  the 
interest  of  which  at  6  per  cent,  is  SI 92, 960, 
and  proportional  running  expenses  §400.000 
per  annum,  making  nearly  §600,000,  which 
is  the  total  such  a  line  could  be  fairly  ex- 
pected to  earn. 

In  making,  however,  a  permanent  way 
for  the  moving  of  this  product  there  exists 
no  necessity  for  following  the  expensive 
faults  entailed  on  the  oil  region  pipes  by 
the  constant  shifting  to  reach  new  territory 
and  by  the  increased  cost  of  fuel  and  mate- 
rial. 

If  you  will  step  with  me  into  a  tank- 
house  and  observe  that  end  of  2-in.  tubiug 
out  of  which  the  oil  is  coming  that  has  been 
forced  thirteen  miles,  you  will  see  it  falling 
in  a  gentle  stream  almost  perpendicular, 
and  in  size  but  half  the  diameter  of  the 
pipe ;  a  tube  of  paper  could  deliver  it  as  wed, 


516 


YAN    NOSTRANDS    ENGINEERING    MAGAZINE. 


-while  the  iron  of  the  tubing  here  is  just  as 
thick  as  at  the  pump  where  there  is  a  pres- 
sure of  800  lbs.  per  sq.  in.;  the  tube  also  at 
this  point  of  delivery  is  only  half  full.  Are 
there  no  air  valves  on  the  tops  of  the  hills  ? 
No.  Are  there  no  traps  for  sediment  in  the 
valleys  ?  No.  Are  there  any  stopcocks  on 
the  line  ?  Yes,  branches  run  off  at  right 
angles  in  several  places.  Are  these  free 
way  stopcocks  ?  No,  they  have  the  usual 
oval  slit  in  the  plug  reducing  the  passage. 

You  observe  also  that  the  pipe  at  the 
tank  makes  two  right-angled  bends — one  at 
bottom  out  of  the  ditch,  and  one  at  the  top, 
where  it  runs  over  the  several  tanks  and 
where  a  fresh  system  of  stopcocks  is  devised 
to  obstruct  the  progress  of  the  oil. 

Let  us,  therefore,  with  these  facts  in  view 
make  an  estimate  of  the  cost  and  capacity 
of  our  twenty  mile  section  properly  laid. 

The  area  of  internal  section  of  a  3-in. 
pipe  is  7.06858344,  contents  of  line  20  miles 
or  105,600  ft.  =  38776.32  gallons,  or  901 
bbls. 

To  deliver  3,600  bbls.  in  twenty-four 
hours  would  require  a  velocity  of  5  ft.  per 
sec.  We  should  lay  on  our  line  two  of  these 
pipes  (switching  into  each  other  at  regular 
intervals  for  convenience  of  repairs,  etc.)  ; 
one  for  refined,  the  other  for  crude  oil. 
This  would  give  us  a  daily  delivery  of 
7,200  bbls.,  largely  in  excess  of  what  we 
want,  but  useful  in  cases  of  gradual  or  sud- 
den increase  of  business  or  as  permitting 
cessation  when  desired. 

Following  out  the  ideas  of  pressure  ob- 
tained at  the  tank-house,  Ave  should  di- 
vide our  twenty  miles  into  four  parts  and 
increase  the  diameter  gradually  from  the 
pump  to  the  tank ;  let  us  see  what  we  should 
gain  by  this. 

The  head  required  to  overcome  the  fric- 
tion of  this  3-in.  line  (without  enlarge- 
ment), by  Weisbach's  formula  (which  we 
have  stated  to  be  in  excess  of  actual  result 
in  practice),  would  be  as  follows : 

(.0144  +  ^X^X^=2473.9 

But  if  the  line  be  enlarged  a  quarter 
inch  every  five  miles,  we  shall  have  as  fol- 
lows : 

5  miles  3  inch  friction  head 618.5 

5     "     3£    "  "        "     570.9 

5     "      3^    "  "        "     530.0 

5     "      4      "  "         "     46-1.0 

Total 2183.4 

being  a  saving  in  head  of  nearly  600  ft.    It 


will  readily  be  seen  that  an    equivalent  to 
this  gain  may  be  obtained  by  a  reduction 
of  the  diameter  of  the  pipe  at  the  pump,  or 
by  an  increased  velocity. 
Thus— 

Wlocitv.        Fric.  Head.    Contents. 
5  miles  2%  inch    5.9  ft  per  sec   ...  674  9    187      bbls. 


5  miles  3 
5  miles  o}.£ 
5  miles  3>a 


5  0 
4.2 
3.6 


618.5  225  2 
570.9  261.5 
530.0  306  8 


2394  3  983.5 


being   still  less  than  the  friction  head  re- 
quired for  a  continuous  3-in.  pipe. 

It  will  also  be  found  that  the  reduced 
line  contains  983.5  bbls.  instead  of  901, 
and  the  element  of  friction  representing  the 
greatest  resistance  to  be  overcome,  the  en- 
largement will  simply  cause  a  constant  re- 
duction of  velocity,  and  therefore  of  friction 
and  pressure. 

In  twenty  miles  of  straight  pipe  there  will 
probably  be  elevation  to  overcome.  Let  us 
assume  4,000  ft.  as  an  extreme  and  add  it 
to  the  head  required. 

We  should  then  find  the  total  head  as  fol- 
lows : — 

Head.    Lbs.  to  sq.  in. 

At  the  pump 2%  in.  pipe  2794.3  ft.  =  1212 

Beginning  2d  5  miles  R  in.  pipe  2119  4  ft.  =  919 
"  3d  5  "  33£  "  "  1500.9  ft.  =  C51 
"         4th  5    "      3>|  "       "     930  0  ft.  =    403 

(It  will  be  observed  that  the  head  of  400 
ft.  is  carried  through  all  the  sections  in  the 
absence  of  the  levels  of  any  actual  line, 
otherwise  the  heads  for  the  last  two  or 
three  sections  would  be  much  reduced.) 

By  multiplying  the  pressures  given  by 
the  difference  in  specific  gravity  of  water 
and  the  oil  of  commerce,  .7,972,  we  have 
the  followino* : 
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Pressure  Thickness  of     Weight 

lbs.  per  sq.  in.  metal  in  pipe.       per  ft. 

1st  Stction  969  .167  inch           6  7t/9  lbs.       No.    8 

2d        do       735  .138     "            5.537    "         No.  10 

3d        do       521  .093     "            3  799    "          No.  13 

4th      do       3-!2  .071     "            2.910   "         No.  15 

Our  first  section  will  contain  177.117  lbs.  iron. 

"     2d          "  "         "        146,176  "       " 

"    3d          "  "        "       10i',320  "       " 

"    4th        "  "        "         76,824  "       " 


Total 500,437  lbs. 

The  weight  of  the  line  if  made  of  the  or- 
dinary 2-in.  tubing  in  the  usual  manner, 
would  be  387,235  lbs.,  whereas  its  capacity 
for  delivery  would  be  but  1,000  bbls.  per 
day  against  3,600  in  the  line  above  calcul- 
ated.* 

*  Special  mention  is  made  of  this  fact,  because  all  past  es- 
timates in  this  matter  have  been  based  on  the  cost  of  the 
ordinary  two-inch  lines;  there  is  no  question  that  with  the 
constant  shifting  they  are  the  best  to  use  in  the  oil  region,  but 
contain  a  great  waste  of  iron  for  a  permanent  line. 
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The  work  of  the  line  would  equal  366,- 
291,200  gallons  laised  one  foot  high  in 
twenty-four  hours,  requiring  for  its  exer- 
tion a  horse-power  of  77  for  water  and  62 
for  oil. 

Tankage  for  1,000  bbls.  at  the  end  of 
each  section  would  allow  a  delay  of  eight 
hours  for  repairs  and  be  ample  for  ordinary 
purposes. 

From  the  data  above  given,  we  make  the 
following  estimate  of  the  cost  of  the  twenty- 
mile  section : 

500, 437  lbs.  iron  in  pipe,  a  9c $45,039.33 

10,000  ll.s.  thimbles  and  fittings,  a  20c.  .  ..  2,0u0.00 
Laying  pine  in  trench  2  feet  deep  6,400  rods, 

a  60c 3,840  00 

70  H.  P.  boiler  and  pump  with  station  house 

com  ple.t  e 10,000 .  00 

Telegraph  line 2,000.00 

1,000  bbl.  tank  (iron) 1,000.00 

Sundries 1,120  66 

$65,000  00 

As  such  a  line  could  not  be  laid  without 
a  charter,  nothing  is  allowed  for  right  of 
Way,  including  trespass  and  damages  to 
fences  and  crops,  together  with  cost  of  site 
for  stations,  it  may  from  experience  be 
safely  put  at  $5,000. 

The  twenty-one  sections  to  New  York,  at 
$70,000  each,  would  cost  $1,470,000. 

At  the  present  rate  of  $1.65  per  bbl. 
freight,  2,000  bbls.  per  day  would  return  a 
yearly  income  of  $990,000  less  expenses,  as 
follows : 

Each  station  2^  tons  per  day,  a  $5 78,750.00 

Employees. 

}$&&*»:•:::■, ■:::::; fffll  wwy 
S^^S.p*.:::::?.:::::::i,S!j  **».?».* 

Annual  net  profit : 822,750.00 

$990,000.00 

Now  for  the  cost  of  the  present  system  of 
railway  transportation,  we  have 

The  cost  of  car $800 

Iron  tank.  3, 900  gals  =  91  bbls . .     500 

$1,300 

In  handling  the  entire  product  on  differ- 
ent railways  there  are  not  less  than  1,800 
tank  cars,  the  proportionate  number  of 
which  for  2,000  bbls.  per  day  is  200  cars, 
involving  a  first  cost  of  $260,000. 

The  annual  cost  of  transportion,  460 
miles,  at  li  cents  per  ton  per  mile,  for  2,000 
bbls.  would  be  $1,380  per  day,  or  $414,000. 

The  present  through  rate  of  $1.65  would 
give  the  gross  income  of  $990,000. 


Summary. 

First  Total  Net 

outlay.  annual  exp.  an.  profit. 

Bvrail  .      $260,000  8414,000  $576,000 

By  pipe.  $1,470,000  $167,260  £822,750 

The  advantages  of  pipe  lines  might  be 
enumerated  as  follows  : 

The  clearing  of  a  dangerous  and  bulky 
freight  from  the  main  trunk  lines. 

The  perfect  accuracy  of  gauge  in  delivery 
(a  source  of  constant  trouble  at  present). 

The  simplicity  of  record  and  manage- 
ment. 

With  such  lines  in  operation,  the  refin- 
ing would,  of  course,  tend  naturally  to  New 
York  and  the  other  seaboard  termini. 

There  may  exist  great  difficulties  in  the 
Way  of  present  accomplishment  of  this 
matter  by  reason  of  standing  contracts  and 
outlay  already  incurred  in  car  transporta- 
tion, but  any  objections  on  the  ground 
either  of  mechanical  impracticability  or 
want  of  pecuniary  return  may  as  well  be 
at  once  laid  aside. 

Well  knowing  the  deceptive  power  of 
figures  when  used  in  estimates  of  this 
kind,  the  writer  has  carefully  avoided  any 
"nursing"  of  his  views,  and  has  endeav- 
ored to  present  such  an  outline  that  any 
one  interested  in  the  matter  can  fill  in  from 
experience  his  own  calculations  for  the 
thorough  investigation  of  the  subject,  which 
is  one  that  will  well  repay  close  and  hon- 
est attention,  but  can  by  no  means  be 
justly  comprehended  in  general  or  hasty 
criticism. 


IY. 


ON     THE    TJSE     OF     HTDR0C.UIB0X,     OB.      UdriD 
FUELS. 

At  regular  intervals  during  the  past  few 
years,  the  public  has  been  duly  informed 
by  journal  and  newspaper  that  the  success- 
ful use  of  this  class  of  fuels  is  an  accom- 
plished fact ;  that  some  railway,  or  steamer, 
or  manufactory  has  given  them  such  satis- 
factory test  as  to  insure  in  a  short  time 
their  universal  adoption. 

In  spite  of  all  these  assurances,  we  still 
find  the  fireman  on  the  engine,  the  stoker 
on  the  vessel  and  in  the  manufactory,  and 
to  those  who  have  not  made  it  a  subject  of 
special  consideration,  some  explanation  at 
this  time  might  possibly  afford  no  small 
relief. 

While  the  prospect  for  the  successful 
introduction  of  liquid  fuels  is  at  present 
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extremely  doubtful,  it  may  be  well  to  re- 
mark that  next  to  "  perpetual  motion " 
there  probably  has  not  been  such  an  "  ignus 
fatuus  "  as  this  presented  to  inventors  during 
the  last  century.  Hundreds  .  of  patents 
bearing  on  the  matter  have  been  introduced 
and  laid  aside,  and  still  they  come  at  long 
intervals,  even  now,  with  strong  assevera- 
tions of  final  and  permanent  success. 

It  would  seem  on  first  thought  that  rela- 
tive heating  powers  could  be  readily  decided 
at  once  and  forever  by  an  examination  of 
the  component  parts  of  the  fuel,  but  under- 
neath all  the  propositions  and  claims  of  the 
new  invention  as  yet  advanced,  seems  to  lie 
vaguely  and  mistily,  but  powerfully,  this 
idea,  that  by  some  heretofore  undiscovered 
law,  or  inexplicable  power,  or  in  some  inde- 
finable way,  more  heat  can  be  produced 
from  hydrocarbons  than  their  chemical 
analysis  would  indicate,  and  that  in  this 
way  they  will  become  the  competitors  of 
coal. 

It  is  a  dangerous  thing  in  this  country 
to  say  that  anything  cannot  be  done  ;  so 
that,  without  attempting  that  statement,  we 
shall  confine  ourselves  to  a  few  facts  with 
the  hope  of  drawing  investigation  into 
those  channels  which  present  more  chances 
for  success. 

Let  us,  therefore,  set  our  facts  in  order, 
as  follows : 

Coal,  (bit.)  consists,  carbon,  83  ;  hyd.,  5  ; 
ashes,  12  ;  average  petroleum,  45°  ;  carbon, 
85  ;  hyd.  5  in.,  small  residuum.  1  lb.  car- 
bon evolves  11,220  units  of  heat ;  1  lb.  hy- 
drogen evolves  60,854  units  of  heat. 

To  which  the  writer  wishes  to  add  as 
follows  : 

Fuels  whose  combustion  produces  water 
by  combination  of  oxygen  and  hydrogen, 
lose  much  in  calorific  power. 

Hydrogen,  although  producing  the  largest 
quantity  of  heat  of  any  known  combustible, 
is  powerless  to  produce  a  similarly  high 
temperature  under  ordinary  conditions. 

In  the  use  of  steam  the  law  is  impera- 
tive, that  as  much  heat  is  required  for  the 
decomposition  of  water  as  is  evolved  by 
the  combustion  of  its  constituents. 

For  the  better  consideration  of  these 
facts,  let  us  take  the  result  of  some  reliable 
experiments  ;  they  may  be  substantially  con- 
densed as  follows: 

Those  made  by  Mr.  Richardson,  at  Wool- 
wich, England,  giving  as  a  result  the  heat- 
ing power  of  petroleum  as  1.53  times  that 
of  coal. 


Those  made  at  the  Battery,  New  York, 
placing  the  same  result  at  2.35 ;  and  the 
efforts  made  to  apply  it  in  the  Pennsylvania 
oil  regions  for  the  generation  of  steam 
power,  at  the  well,  not  less  than  seventy  or 
eighty  separate  patents  being  introduced, 
of  which  the  writer  gathered  the  results  of 
some  forty  distinct  attempts  during  a  period 
of  twelve  months,  in  which  the  average 
results  indicated  the  relative  heating  power 
of  petroleum  over  coal  as  being  from  1.75 
to  2.5  times. 

Owing  to  the  difference  in  the  composi- 
tion of  coals,  the  different  gravities  of  oils 
and  the  varying  attendant  circumstances  of 
their  use,  these  figures  are  probably  as  close 
as  we  will  ever  come,  and  for  the  compre- 
hension of  the  subject  under  existing  cir- 
cumstances they  are  certainly  near  enough. 

Crude  petroleum  at  $3.00  per  bbl.  costs 
over  1  cent  per  lb. ;  coal  (bit )  at  the  well, 
$5.00  per  ton  or  J  cent  p3r  lb.  As  oil  is 
worth  to-day  $3.60  at  the  well,  and  coal  in 
the  large  cities  not  much  less  than  $8.00 
per  ton,  the  remaining  figures  can  be  made 
at  leisure. 

For  a  complete  comprehension  of  the 
weak  point  in  the  heating  power  of  liquid 
fuels,  the  following  extract  from  an  Essay 
on  the  Heating  Power  of  Ohio  Coals,  by 
T.  C.  Mendenhall,  covers  tersely  the  entire 
ground. 

"The  heating  value  of  a  fuel  may  be 
estimated  in  two  ways,  as  calorific  power 
and  calorific  intensity. 

"By  the  former  is  meant  the  total  quan- 
tity of  heat  developed  in  the  combustion  of 
a  given  weight  of  the  substance,  and  by  the 
latter,  the  maximum  temperature  developed 
in  the  process. 

"It is  plain  that  in  the  complete  combus- 
tion of  any  fuel  the  absolute  amount  of 
heat  developed  is  constant  under  any  and 
all  conditions,  whether  the  process  be  rapid 
or  slow,  in  air  or  in  oxygen  ;  but  the  result 
is  quite  different  in  the  matter  of  temper- 
ature or  thermometric  intensity;  this  is  very 
materially  influenced  by  the  nature  of  the 
products  of  combustion  and  the  rapidity  of 
the  development  of  heat  compared  with  the 
rapidity  of  its  dissipation  among  surround- 
ing objects. 

"A  fuel  may  have  a  high  absolute  heat- 
ing power,  and  yet  in  consequence  of  the 
peculiar  nature  of  the  products  of  combus- 
tion may  develop  a  low  temperature;  and 
again  it  may  show  a  low  heating  power  and 
a  great  thermometric  intensity. 
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"  We  learn  from  experiment  that  the 
presence  of  hydrogen  in  considerable  quan- 
tities in  a  fuel  may  tend  to  increase  its  calor- 
ific power,  but  not  its  calorific  intensity. 
Hydrogen,  which  has  more  than  four  times 
the  heating  power  of  carbon,  has  a  calorific 
intensity  much  less." 

Almost  all  past  efforts  have  been  di- 
rected to  the  construction  of  a  "burner," 
as  it  is  called,  for  liquid  fuel,  and  the  idea 
prominent  in  all  these  attempts  is,  that  by 
some  complication  of  the  apparatus,  an  in- 
creased amount  of  heat  could  be  evolved. 

A  very  simple  arrangement  of  heavy  cast 
iron,  costing  but  a  few  dollars,  and  consist- 
ing of  a  pan  in  two  halves,  set  in  a  frame, 
having  the  steam-jet  lying  between  the 
pans,  and  the  whole  covered  by  a  solid  iron 
cover,  with  an  opening  in  the  top  for  the 
escape  of  the  flame,  will  produce  a  thorough 
combustion  with  no  escaping  carbon,  or,  in 
other  words,  burn  the  fluid  all  up. 

When  this  is  accomplished,  and  no 
smoke  comes  from  the  stack,  vou  have  all 
the  heat  that  is  in  the  fuel. 

We  have  seen  a  "  Burner  "  that  was  as 
costly  and  even  more  complex  than  the  en- 
gine and  boiler  it  was  set  to  drive ;  the  re- 
siduum which  forms  in  time  a  spongy  mass 
in  the  bottoms  of  the  pans  in  the  simple 
burner  above  described,  is  readily  cleaned 
out,  and  the  several  parts  of  this  arrange- 
ment being  disconnected,  and  simply  set  one 
upon  another  in  the  fire-box,  are  readily 
removed  and  inspected.  But  had  any  of  the 
majority  of  liquid  fuel  machines  been  long 
used  without  their  attendant  god-parents, 
their  career  would  soon  have  been  brought 
by  the  residuum  to  an  untimely  end. 

We  repeat  this  fact,  that  a  very  simple 
apparatus  will  effect  the  perfect  combustion 
of  hydrocarbons,  because  the  difficulty  of 
the  successful  termination  of  these  efforts 
(independent  of  the  question  of  economy) 
does  not  lie  there. 

It  has  been  claimed  (and  we  do  not  pro- 
pose to  question),  that  petroleum  has  been 
used  in  St.  Louis  in  the  smelting  of  iron 
with  advantage  and  economy. 

Whether  its  value  consists  in  the  action 
of  gases  which  it  generates  or  simply  as  a 
gas  fuel,  is  uncertain;  as  the  Cleveland  fur- 
naces, whose  facilities  for  procuring  oil  are 
so  much  superior,  still  use  coal,  there  yet 
remains  a  fair  doubt  as  to  whether  it  may 
not  be  but  a  special  advantage  to  some  par- 
ticular ore  or  iron,  and  yet  we  should  be 
pleased  to  see  it  a  success. 


Nevertheless  it  causes  a  suggestion  of 
perhaps  some  value. 

We  all  know  that  in  the  burning  of 
liquid  fuels  a  strong  draft  is  required,  that 
as  a  consequence  of  this  much  of  the  heat 
must  necessarily  pass  out  of  the  stack ;  any 
attempt  to  obviate  this  by  return  flues  or 
similar  devices  causes  a  deposit  of  carbon, 
robbing  the  fuel  and  destroying  the  sensi- 
tiveness of  the  heating  surface. 

If  a  boiler  could  be  constructed  to  avoid 
these  difficulties,  the  loss  of  calorific  intens- 
ity by  escaping  heat,  would  be  much  less  ; 
the  comparative  experimental  results  as  be- 
fore given  show  much  more  in  favor  of 
liquid  fuel,  and  the  possibility  of  an  econom- 
ical and  successful  use  of  shale  oil  be  at 
least  greatly  increased. 

Concerning  the  supply  of  petroleum  in 
case  of  the  adoption  of  hquid  fuel,  it  is  only 
necessary  to  say  that  experience  has  shown 
that  it  cannot  be  produced  for  less  than 
$2.50  per  bbl.  actual  cost,  and  that  this 
fact,  of  course,  places  it  out  of  the  List  of 
fuels,  for  any  ordinary  purpose. 

Any  success  in  this  direction  must  be 
confined  to  the  shale  oils,  while  their  heat- 
ing capacity  is  somewhat  inferior  to  petro- 
leum, they  can  be  produced  from  the  inferior 
coals  at  a  cost  not  exceeding  §2.00  per 
bbl. 

If  this  could  be  still  further  diminished, 
and  a  boiler  constructed  as  proposed,  some- 
thing might  be  done  even  now  with  the 
shale  oils.  The  relative  value  of  fuels  for 
smelting  purposes  is  a  subject  not  to  be 
lightly  taken  up;  those  who  have  made 
such  a  special  study  will,  probably,  at  some 
early  day,  give  their  testimony  concerning 
the  use  of  hydrocarbons.  The  necessity  of 
constructing  the  furnaces  with  special  ref- 
erence to  the  use  of  the  gas  fuel  will,  un- 
doubtedly, act  as  a  bar  to  its  early  accept- 
ance, and  is,  perhaps,  the  cause  of  its  want 
of  use  in  the  Cleveland  smelting. 

It  is  stated  that  a  large  percentage  of 
the  calorific  power  of  coal  is  wasted  in  the 
ordinary  reduction  of  the  ore,  and  that  is 
assigned  as  a  reason  for  using  to  advan- 
tage a  more  expensive  article. 

It  may  be  well  to  consider  that  the  shale 
oils  will  always  compete  with  petroleum  in 
the  two  all-important  advantages  of  cheap- 
ness and  unquestionably  unlimited  supply  ; 
while  petroleum  is  used  for  illuminating 
purposes  alone,  these  will  not  be  sufficient 
to  counterbalance  its  superiority,  but  when 
both  are  used  for  heating  purposes,  these 
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advantages  constitute  very  powerful  argu- 
ments in  favor  of  the  shale  oils. 

The  petroleum  market  is  and  has  al- 
ways been  very  sensitive,  its  fluctuating 
exceeding,  perhaps,  any  other  equally  stand- 
ard article  of  commerce  ;  but  a  slight  in- 
crease in  the  consumption  is  liable  to  send 
it  above  any  comfortable  margin  allowed 
for  its  rise,  while  in  such  case  the  shale 
oils  will  naturally  occupy  its  place. 

Any  sober  consideration  of  these  facts 
will  show  at  once  that  petroleum  can  never 
be  relied  upon  as  a  marketable  fuel,  and 
consequently  can  never  be  used  except  in 
experiment,  or  for  any  extended  period  of 
time ;  if  successful  in  this  way,  it  is  liable 
to  be  supplanted  at  any  time  by  the  shale 
oils. 

It  is  the  practice  in  most  cases  of  smelt- 
ing to  bring  the  ore  to  the  fuel ;  if  petro- 
leum is  to  be  used  the  furnaces  will  be  in 
the  oil  regions,  and  an  attempt  is  being 
made  in  that  direction  to  which  we  wish 
every  success  ;  if  the  shale  oils  are  used 
they  will  be  located  as  usual  near  the  coal 
mines. 

It  is,  perhaps,  a  question  whether  the 
additional  hydrogen  in  the  coal  oils  is  pro- 
ductive of  a  greater  heat  from  them  than 
from  the  fuel  itself,  especially  when  consid- 
ered with  reference  to  calorific  intensity ; 
the  great  waste  of  heat  in  the  use  of  coal, 
is  undoubtedly  the  cause  in  this  case  of  its 
apparent  inferiority. 


Take  the  following  as  an  average  analy- 
sis of  the  three  fuels  : 

Petroleum— Carbon,  85.05  Hyd.  14  30  Residuum  65 
Coal  oil— Carbon...  8.3.04  Hvd.  12.31  Oxviren..  4  65 
Coal— say 83        Hyd.    5         Asties . . . .  12 .  00 

Of  course  these  proportions  will  vary 
somewhat  in  different  cases,  but  it  is  not 
difficult  to  deduce  from  them,  even  at  the 
present  stage  of  experiment,  that  any 
superiority  of  the  liquid  fuels  is  due  more 
to  the  peculiar  possibilities  in  the  manner 
of  their  application,  or  rather  to  the  defec- 
tive use  of  coal,  than  to  any  greatly  increas- 
ed calorific  value  in  the  fuels  themselves. 

The  object  of  this  paper  being  simply 
that  of  getting  the  subject  out  of  the  mud 
and  on  the  rails,  so  that  it  may,  if  possible, 
make  progress,  the  main  points  alone  that 
were  involved  have  been  touched  upon, 
purposely  omitting  details. 

To  those  who  are  devoting  their  efforts 
in  a  rational  way  to  the  accomplishment 
of  this  matter,  the  points  given  may  be  of 
some  value.  There  are  not  wanting  san- 
guine inventors  who  claim  that  petroleum 
and  its  kindred  oils  have  thirty  times  the 
heating  capacity  of  coal.  With  these  incura- 
bles, there  is  not  the  slightest  wish  to  differ. 

Note. — As  seriously  affecting  experimental  calculations,  it 
may  be  stated  that  the  specific  gravity  of  petroleum  is  given  in 
the  tables  of  the  most  recent  standard  authorities  as  .878, 
which  indicates  an  oil  of  30  deg.  Baume,  and  has  probably 
been  handed  down  from  old  tables,  prepared  in  the  time  when 
the  only  article  to  be  obtained  was  the  brown  heavy  drippings 
of  the  surface  rocks.  The  petroleum  of  commerce  to-day  will 
average  47  deg.  Baume,  equal  to  a  specific  gravity  of  only 
.7972,  and  weighing  49.82  lbs.  to  the  cubic  foot. 


THE  UTILIZATION  OF  TIDE  POWER. 


From  "  Engineering 


It  is  not  unnatural  that  in  a  country  like 
our  own,  dependent  to  such  a  large  extent 
for  its  supremacy  upon  its  mineral  wealth, 
and  upon  its  being  able  to  turn  that  wealth 
to  account,  there  should  arise  from  time  to 
time  certain  mild  panics  as  to  the  failure  of 
our  coal  supply  and  the  disastrous  results 
to  which  that  failure  is  to  lead.  We  are 
not  amongst  those  who  believe  that  even 
the  present  generation  are  likely  to  see  a 
time  when  we  shall  be  short  of  coal  ;  but 
our  supply  is  certainly  not  inexhaustible, 
and  we  are  quite  ready  to  attach  the  utmost 
importance  to  the  diffusion  of  such  knowl- 
edge as  will  check  the  absolute  waste  of 
fuel,  which  at  present  goes  on  to  a  greater 
or  less  extent  in  nearly  every  branch  of  our 
manufactures.     It  is  for  this  reason  that 


we  by  no  means  deprecate  the  periodical 
panics  to  which  we  have  referred.  Such 
panics  do  good  in  many  ways.  They  cause 
the  subject  of  fuel  economy  to  be  discussed 
at  scientific  meetings  and  in  the  public  press, 
they  bring  forward  schemes  for  saving  fuel 
which  would  otherwise  remain  hidden,  and 
some  small  percentage  of  which  may  possess 
real  value,  and  lastly,  they  not  unfrequent- 
ly  cause  a  temporary  rise  in  the  price  of 
coal,  and  in  this  way  compel  the  attention 
of  many  who  could  be  made  to  regard  the 
matter  in  no  other  way.  Just  at  the  pres- 
ent time  we  are  having  our  attention  es- 
pecially directed  to  the  economical  use  of 
fuel,  by  the  increased  cost  due  to  the  general 
rise  of  wages,  and  the  excessive  demands  of 
our   busy   iron    works   and   factories,  and 
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hence — as  on  the  occasion  of  the  panics  of 
which  we  have  spoken — we  find  going  on 
everywhere  discussions  as  to  how  greater 
economy  is  to  be  obtained,  and  our  supply 
of  coal  husbanded.  Under  these  circum- 
stances it  appears  to  us  desirable  to  review 
briefly  our  prospects  of  substituting  other 
sources  of  power  for  our  combustion  of 
coal. 

We  all  know  that  work  and  heat  are 
transmutable,  and  that  every  unit  of  heat 
developed  by  the  combustion  of  fuel,  or  in 
any  other  way,  represents  772  foot-pounds 
of  work,  or  vice  versa.  But  while  we  are 
enabled  by  the  steam  engine,  and  other 
mechanical  contrivances,  to  transform — but 
wastefully,  it  is  true — heat  into  work,  and 
to  obtain,  by  the  combustion  of  our  fuel, 
power  for  driving  our  mills  and  factories, 
yet  we  are  not  possessed  at  present  of  any 
alternative  means  practically  available  on  a 
large  scale,  by  which  power  derived  from 
any  other  source  can  be  transformed  into 
heat,  and  rendered  available  for  use  in  our 
metallurgical  or  other  processes  in  which 
such  heat  is  required.  So  long  as  this  state  of 
affairs  remains,  or  so  long  as  we  are  unable 
to  transform  work  into  heat  with  a  fair  de- 
gree of  economy,  it  is  evident  that  our 
attempts  to  economize  our  coal  by  deriving 
power  from  other  sources,  can  only  affect 
that  portion  of  our  expenditure  which  is 
incurred  in  the  generation  of  force  or  work, 
and  even  that  but  partially,  as  nowadays  a 
good  proportion  of  the  steam  used  in  our 
iron  works  is  generated  by  the  utilization 
of  what  would  otherwise  be  waste  heat  from 
the  furnaces. 

These  considerations  at  once  place  a  very 
important  percentage  of  our  coal  expendi- 
ture beyond  the  present  chance  of  being 
saved  by  resort  to  other  sources  of  power, 
and  it  remains  to  be  seen  what  probability 
there  is  of  these  other  sources  replacing 
the  coal  expended  in  developing  force.  Here, 
again,  we  must  at  once  make  some  deduc- 
tions. The  portability  of  coal  and  its  kin- 
dred fuels,  or,  in  other  words,  the  facility 
they  afford  for  carrying  an  enormous  store 
of  power  in  a  small  bulk  and  Aveight,  ren- 
ders it  highly  improbable  that  an  efficient 
substitute  will  be  readily  found  for  them 
for  use  under  circumstances  where  the 
portability  is  an  object,  as,  for  instance,  on 
our  locomotives  and  in  our  steamships.  It 
is  of  course  quite  possible  that  the  time  may 
arrive  when  our  vessels  and  locomotives 
may   be   propelled   by   other  means  than 


steam,  or  when,  if  steam  is  still  used,  that 
steam  may  be  generated  by  other  means 
than  the  combustion  of  fuel;  but  it  is  not 
our  purpose  here  to  speculate  on  discoveries 
which  may  arise  in  the  future,  but  to  deal 
with  our  prospects  as  they  at  present  stand. 
At  present,  then,  it  seems  to  us  that  coal 
must  still  continue  to  be  used  by  us  for  the 
direct  production  of  heat,  and  for  generation 
of  power  for  working  our  railways  and 
steamers,  and  the  only  question  that  re- 
mains is  whether  any  other  source  of  power 
can  be  practically  turned  to  account  so  as 
to  husband  the  coal — or  a  portion  of  it — 
now  expended  in  generating  steam  for  our 
stationary  engines. 

This  question  has  been  discussed  lately 
in  several  quarters,  and  amongst  others, 
Mr.  Bramwell,  in  his  address  delivered  as 
president  of  Section  G  of  the  British  Associa- 
tion during  the  meeting  of  that  body  at 
Brighton,  has  directed  special  attention  to 
it.  As  Mr.  Bramwell  stated,  there  are 
three  sources  of  power  which  have  in  times 
gone  by  been  turned  to  account,  namely, 
that  of  the  wind,  that  afforded  by  our 
streams  and  rivers,  and  that  to  be  derived 
from  the  flow  and  ebb  of  the  tides.  We 
agree  with  Mr.  Bramwell  in  dismissing  the 
first  of  these  sources  of  power  as  uncertain, 
and  the  second  as  only  being  available  in 
special  cases,  but  we  cannot  agree  with  him 
in  considering  that  the  utilization  of  tidal 
power  is  quite  such  a  promising  matter  as 
he  appears  to  regard  it.  The  enormous 
power  which  the  tidal  waves  would  be  cap- 
able of  developing,  if  it  were  possible  to 
turn  it  to  account,  has  naturally  attracted 
much  attention  to  the  subject,  and  a  num- 
ber of  plans  for  turning  that  power  to  ac- 
count have  been  at  different  times  brought 
forward,  both  in  this  country  and  abroad. 
So  far  as  we  are  aware,  however,  none  of 
these  plans  have  ever  been  brought  into 
practical  use,  and  we  may  add  that  we  have, 
as  yet,  seen  no  plan  which,  if  carried  out  would 
afford  a  fair  chance  of  commercial  success. 
We  of  course  know  that  in  certain  situations 
tide  mills  have  been  and  are,  we  believe, 
still  being  used  with  more  or  less  satisfac- 
tory results  ;  but  these  mills  cannot  be 
included  amongst  the  plans  of  which  we  are 
now  speaking,  plans  which  contemplate  not 
merely  the  collection,  as  it  were,  of  tide 
power,  but  its  diffusion  to  mills  and  factories 
situated  at  considerable  distances  froin  the 
prime  motor. 

In  the  address  to  which  we  have  already 
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referred,  Mr.  Bramwell  himself  proposed  a 
scheme  of  this  kind.  The  plan  which  he 
suggests  is  that  advantage  should  be  taken 
of  the  natural  configuration  of  the  coast  in 
certain  places  to  form  storage  reservoirs, 
from  which  the  water  might  be  discharged 
at  low  tide,  and  made  to  work  turbines, 
which  should  in  their  turn  drive  pumps, 
employed  in  pumping  water  into  hydraulic 
accumulators.  From  these  accumulators 
the  water,  under  a  high  pressure,  is  to  be 
distributed  to  the  places  where  it  is  wanted 
to  drive  machinery. 

At  first  sight  this  appears  to  be  a  very 
plausible  idea  ;  but  a  more  careful  examina- 
tion of  the  features  of  the  case  shows  that, 
although  plausible,  it  is  by  no  means  pro- 
mising, except  under  certain  unusually 
favorable  conditions.  To  explain  this  it 
will  be  as  well,  in  the  first  place,  to 
show  the  cost  of  the  power  producer 
with  which  tide  motors  will  have  to  com- 
pete. 

We  do  not  hesitate  to  say  that  at  the 
present  time  no  mill  engine  of  any  size 
should  be  consuming  more  than  2^  lbs.  of 
coal  per  horse  power  per  hour.  We  are 
quite  aware  that  there  are  thousands  of 
stationary  engines  which  are  consuming 
more  than  double  this ;  but  this  fact  does 
not  affect  the  question,  as  tide-motors,  if 
they  are  to  be  successful,  must  be  able  to 
compete  with  engines  of  an  economical 
type. 

Again,  allowing  for  holidays  and  other 
stoppages,  an  ordinary  mill  engine  has 
to  run  about  2,800  hours  per  annum, 
and  taking  the  consumption  at  2 r*  lbs.  per 
horse  power  per  hour,  this  gives  the  annual 
consumption  per  horse  power  as  2,800  X 
2.5  =  7,000  lbs.,  or  allowing  for  lighting 
up,  etc.,  say  3-^  tons.  The  present  price  of 
coal  is  abnormal,  and  does  not,  therefore, 
form  a  basis  for  such  calculations  as  those 
to  which  we  are  now  directing  attention  ; 
and  taking  into  consideration  the  fact  that 
tide-motors,  if  successful,  would  themselves 
tend  to  produce  a  reduction  in  the  price  of 
coal,  we  think  we  shall  be  treating  them 
liberally  if  we  estimate  the  average  cost  of 
the  coal  with  which  they  would  have  to 
compete  at  16s.  per  ton.  Taking  it  at  this 
price,  we  should  have  the  average  cost  of 
luel  per  horse  power  for  a  really  good  en- 
gine =  3j>  X  16  =  56  shillings,  or  £2  16s. 
per  annum;  or  for  1,000  indicated  horse 
power  an  annual  cost  for  fuel  of  £2,800. 
Besides   saving  fuel,  the   tide-motor  would 


also  render  unnecessary  the  boilers  at  pres- 
ent employed,  and  there  is,  therefore,  to  be 
placed  to  its  credit  the  cost  of  maintenance 
of  these  boilers,  the  interest  of  the  capital 
sunk  in  them,  and  the  stokers'  wages.  For 
the  1,000  indicated  horse  power  which  we 
are  taking  as  our  example,  these  items 
would  probably  amount  in  the  aggregate  to 
about  £800,  thus  giving  say,  £2,800  +  800 
=  £3,600,  as  about  the  annual  sum  which 
a  mill-owner  would  be  justified  in  paying  for 
a  supply  of  water  capable  of  developing 
1,000  horse  power  during  ordinary  working 
hours.  The  cost  of  engine  superintendence, 
oiling,  etc.,  and  miscellaneous  charges, 
would  probably  be  about  the  same,  whether 
steam  or  hydraulic  engines  were  used,  and 
these  matters,  therefore,  need  not  be  con- 
sidered here. 

Let  us  now  examine  the  other  side  of  the 
question.  The  annual  charges  to  which  an 
establishment  for  utilizing  the  power  of  the 
tides  would  be  subject,  would  be  the  inter- 
est on  the  money  expended  on  the  works 
and  machinery,  the  cost  of  maintenance, 
and  the  expenses  of  superintendence,  col- 
lection of  rates,  wages  of  sluicemen,  etc. 
In  the  aggregate  these  charges  could  scarce- 
ly be  estimated  as  amounting  to  less  than 
15  per  cent,  on  the  capital  expended,  and 
in  the  case  of  an  establishment  supplying 
power  in  moderate  amounts  over  an  extend- 
ed district  it  would  probably  be  even  more 
than  this.  Taking,  however,  the  annual 
charges  as  amounting  to  15  per  cent,  on  the 
capital,  and  taking,  also,  the  yearly  rent 
which  might  probably  be  paid  for  a  supply 
of  water  capable  of  developing  1,000  horse- 
power, as  £3,600,  we  find  that  the  capital 
which  it  would  be  justifiable  to  expend  on 
tidal  works  capable  of  supplying  that 
amount  of  power  would  be  £24,000,  a 
sum  which,  we  venture  to  say,  would  in 
but  excedingly  few  instances  suffice  for 
their  execution. 

It  must  be  remembered  that  the  expendi- 
ture of  say  £24,000,  for  each  1,000  horse- 
power, which  the  tidal  works  would  be  ca- 
pable of  supploying  to  factories,  would  have 
to  include  not  merely  the  construction  of 
the  storage  reservoirs,  with  its  sluices,  etc., 
but  also  the  cost  of  the  turbines,  pumps, 
hydraulic  accumulators,  and  last — but  by 
no  means  least — that  of  the  pipes  by  which 
the  water  under  preasure  would  be  con- 
veyed to  the  works  where  it  could  be  utiliz- 
ed ;  and  hence,  as  we  have  said,  we  believe 
that  there   are   very  few   situations  where 
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the  requisite  works  and  plant  could  be  pro- 
vided for  the  sum  which  it  would  be  justifi- 
able to  expend. 

We  have  in  the  present  article  touched 
merely  upon  the  general  facts  bearing 
upon  the  supposed  economy  to  be  derived 
from  the  employment  of  tidal  power ;  but 
we  have,  we  trust,  shown  that  the  use  of 


that  power  by  no  means  holds  out  such 
promising  prospects  as  its  advocates  appear 
to  believe.  On  an  early  occasion — prob- 
ably next  week — we  shall  consider  the 
matter  in  greater  detail,  and  have  some- 
thing to  say  of  the  extent  and  character  of 
the  works  which  would  be  required  to  turn 
tidal  power  to  account. 


EXPEEIMENTS  ON  SURFACE  FRICTION  IN  WATER* 

By  W  FR0UDE,  F.R.S. 
From  "The  Mechanics'  Magazine." 


The  object  of  investigation  was  to  deter- 
mine the  laws  which  govern  this  force,  in 
those  especial  relations  under  which  it  forms 
a  portion  of  the  resistance  experienced  by  a 
ship  when  moving  through  the  water  at 
various  speeds. 

These  are,  (1)  the  relation  of  the  force  to 
the  speed,  (2)  its  relation  to  the  quality  of 
the  surface,  (3)  its  relation  to  the  length  of 
the  surface  along  the  line  of  motion.  The 
necessity  of  investigating  it  under  the  latter 
of  these  relations  may  not  be  at  once  ob- 
vious, it  having  been  generally  held  that 
surface  friction  varies  directly  as  the  area 
surface,  and  will  be  the  same  for  a  given 
area  whether  it  be  long  and  narrow  or 
short  and  broad.  But  a  little  reflection 
shows  that  this  cannot  be  so,  because  the 
portion  of  surface  that  goes  first  in  the  line 
of  motion,  in  experiencing  resistance  from 
the  water,  must  reciprocally  communicate 
to  the  water  motion  in  the  line  in  which 
itself  is  moving,  and  consequently,  the  por- 
tion of  surface  which  exceeds  the  first  must 
be  rubbing,  not  against  stationary  water, 
but  against  water  partially  moving  with  it, 
and  cannot  experience  as  much  resistance 
from  it. 

The  experiments  were  performed  with 
carefully  made  apparatus,  which  automati- 
cally recorded  the  resistance  and  the  speed, 
and  the  errors  and  uncertainties  of  the 
results  probably  did  not  in  any  case  exceed 
on  the  whole  one-half  per  cent. 

The  surfaces  used  in  the  experiments 
were  of  yellow  pine  board,  about  three- 
sixteenths  of  an  inch  thick,  loaded  at  the 
edge  with  lead  keels  of  the  same  thickness, 
fastened  fair  and  flush  with  the  board,  the 
weights  being   such  as  to  just   neutralize 


*  Read  at  the  British  Association,  Brighton  Meeting,  Section 
G,  Mechanical  Science. 


the  flotation,  and  hold  the  boards  stably  in 
a  vertical  plane.  The  head  end  (so  to  call 
it)  of  each  board  in  turn  was  fastened  into 
a  tin  sheath,  or  fine-edged  cutwater,  which 
formed  a  portion  of  the  dynamometric  ap- 
paratus, and  which  held  the  board  resolute- 
ly in  a  vertical  plane,  with  its  length  hori- 
zontal, and  in  the  line  of  motion.  The 
width  of  each  board,  including  the  lead 
keel,  was  19  in.,  their  lengths,  including, 
the  cutwater,  varied  from  1  ft.  to  50  ft. 
Great  pains  were  taken,  and  successfully, 
to  eliminate,  and,  indeed  in  effect  to  oblit- 
erate the  resistance  due  to  thickness. 

It  turned  out  that  the  effects  of  the  three 
conditions  under  which  the  variations  of 
the  force  were  to  be  determined,  could  not 
be  regarded  as  absolutely  independent  of 
each  other,  because  certain  variations  in  the 
quality  of  the  surfaces  were  found  to  affect 
in  some  degree  the  relations  of  the  force  to 
the  speed  and  to  the  length.  The  results 
may  be  approximately  stated  in  brief,  as 
follows  : 

1.  As  regards  the  relation  of  resistance 
to  speed.  With  the  surface  coated  with 
shellac  varnish,  Hay's  composition,  or  Pea- 
cock's composition,  or  tallow,  the  resistance 
varied  very  nearly  as  the  power  1.83  of  the 
speed ;  with  the  surface  quoted  with  tinfoil, 
very  nearly  as  the  power  2.05  of  the  speed; 
but  the  experiments  with  the  tinfoil  are  not 
yet  complete. 

2.  As  regards  the  relation  of  resistance 
to  quality  of  surface.  With  the  surface 
coated  with  shellac  varnish,  Hay's  composi- 
tion, Peacock's  composition,  or  tallow,  the 
resistance  differed  extremely  little ;  such 
variations  as  ooeurred  scarcely  exceeding  one 
per  cent.,  and  being  probably  not  greater 
than  belonged  to  the  small  differences  of 
smoothness  in  the  laying  .on  the  composi- 
tion. 
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With  the  surface  coated  with  glue,  and 
thus  simulating  the  sliminess  of  a  living  fish, 
three  successive  experiments  were  tried  at 
the  same  speed,  so  as  to  test  the  effect  of 
the  gradual  growth  of  the  slimy  character. 
The  first  experiment  showed  an  increase  in 
resistance  of  2  per  cent.,  the  last  of  4  per 
cent.,  as  compared  with  the  shellac  surface 
which  the  glue  resembled  before  immersion, 
a  proof  that  the  attempted  imitation  of  the 
fish's   surface  was  not  advantageous. 

Comparing  a  tinfoiled  surface  with  one 
coated  with  shellac,  when  the  length  is  one 
foot,  the  resistance  of  the  former  is  on  the 
average  only  two-thirds  that  of  the  latter, 
making  the  comparison  with  planes  of  1.6 
in  length,  the  ratio  is  three-fourths,  and 
with  planes  of  16  ft.  more  then  nine-tenths, 
instead  of  two-thirds ;  indeed,  the  total 
difference  becomes  progressively  less  as  the 
planes  compared  are  longer.  At  higher 
speeds  also  the  difference  tends  to  become 
less,  in  consequence  of  the  higher  power  of 
the  speed  to  which  it  is  proportioned  with 
the  tinfoiled  surface. 

8.  As  regards  the  relation  of  resistance 
to  length  of  surface.  There  plainly  is  a 
very    considerable   diminution   of  average 


resistance  per  sq.  ft.  as  the  length  of  sur- 
face is  increased,  and  this  probably  from 
the  course  already  indicated,  though  the 
rate  of  diminution  becomes  gradually  less 
as  the  surface  becomes  longer ;  there  is,  in 
fact,  as  great  a  diminution  between  3  ft. 
and  4  ft.  of  length  as  between  30  and  50. 

The  following  tabular  statement  gives 
the  mean  resistance  per  square  foot  on  sur- 
faces of  from  1  ft.  to  50  ft.  in  length,  with 
speeds  of  from  200  to  800  ft.  per  minute. 


The  table  is  applicable  to  a  clean  placed 
surface  coated  either  with  shellac  varnish, 
Hays's  or  Peacock's  composition,  or  tallow. 


ELECTKO  SCIENCE,  AS  A  PART   OF  THE   EDUCATION  OF  CIVIL 

ENGINEERS.* 


There  are  few  subjects  with  which,  in  a 
general  way.  the  mass  of  the  people  are 
better  acquainted  than  that  of  electricity. 

Nearly  every  schoolboy  passes  through  a 
period  when  his  whole  60ui  is  absorbed  in 
the  preparation  of  glass  bottles  and  Leyden 
jars  ;  often  maternal  patience  is  tried  to  its 
utmost  extent  in  the  discovery  of  dilapidated 
tablecloths  and  varied  colored  garments, 
sacrificed  in  the  interest  of  juvenile  research 
in  the  school  of  Voltaic  science. 

Merchants,  manufacturers  and  brokers 
are  becoming  more  than  amateur  telegra- 
phers, and  in  every  department  of  industry, 
electricity  is  being  used  as  a  practical  agent, 
and  practical  results  are  obtained.  Yet  there 
is  no  science  of  which  so  little  is  understood 
by  practically  scientific  men. 

I  propose,  therefore,  to  submit  for  con- 
sideration some  of  the  reasons  which  seem 
to  me  to  account  for  the  apathy  of  that  class 


*  A  paper  read  by  Stkphrn  Chester,  Civil  Engineer,  Member 
of  the  American  Society  ul  Civil  Engineers. 


of  men  in  making  exhaustive  research,  or 
even  to  exhibit  general  interest  in  an  ele- 
ment already  largely  ultilized  by  applica- 
tion in  almost  every  known  art,  and  assur- 
edly destined  at  an  early  day  to  hold  a  position 
of  still  greater  magnitude  and  importance. 

For  many  years,  known  only  in  the 
phenomena  exhibited  in  the  chambers  of 
natural  philosophy  and  of  educational  insti- 
tutions, the  subject  of  electricity  was  regard- 
ed, not  as  one  of  special  or  practical  utility, 
but  simply  of  such  slight  interest  as  might 
belong  to  the  contemplation  of  any  natural 
phenomena,  and  one  of  which  no  man  of 
education  and  culture  should  be  entirely 
ignorant. 

Its  first  application  to  an  important  and 

useful  art  was  to  that  of  telegraphy,  and  so 

limited  then  in  this  field  were  the  resources 

of    scientific   men   that  the   application  of 

electro-magnetism     to     the     purposes     of 

I  distinct  intercommunication  was,   and  still 

|  continues  to  be  regarded  as  an  entirely  new 

I  and  original  discovery. 


ELECTRO    SCIENCE. 


525 


We  observe  here  that  the  application  of 
electricity  in  this  instance  was  not  to  ac- 
complish more  than  a  special  and  limited 
result,  through  the  special  and  limited 
means  of  repeated  electro-magnetic  impulses. 
The  problem  to  be  solved  was  simply  the 
production  of  controllable- and  recognizable 
signals  at  a  distance.  This  accomplished, 
questions  of  economy,  and  expedient  means 
of  producing  the  element  upon  which  these 
results  depended  were  for  after  considera- 
tion, and  were  naturally  esteemed  of  rela- 
tively insignificant  importance. 

The  rapidly  increasing  demand  for  quick 
communication  between  distant  places  soon 
made  electro  telegraphy  one  of  the  most 
important  business  enterprises  of  the  coun- 
try, and  under  this  stimulus  lines  sprang 
up  in  all  parts  of  the  United  States  and  of 
the  world;  armies  of  employees  soon  became 
trained  and  skilful  experts  in  the  practice, 
and  indeed  in  the  general  knowledge  of  the 
subject,  so  far  as  producing  the  special  and 
limited  results  required  in  this  specific 
application. 

Hence,  specific  experimental  knowledge 
of  electricity  as  an  applied  science,  has  been 
almost  exclusively  confined  to  a  class  of 
men,  who,  however  bright  and  intelligent 
they  may  have  been,  were  nevertheless  en- 
tirely unqualified  to  develop  largely  any 
important  and  valuable  result  from  their 
relatively  wide  experience,  because  : — first, 
they  came  almost  wholly  from  a  class  of 
society  early  thrown  into  active  employ- 
ment with  but  an  ordinary  school  educa- 
tion; second,  no  antecedents  of  employ- 
ment or  training  had  prepared  them  in  ca- 
pacity or  disposition  for  the  habits  Of  ex- 
haustive analysis  required  to  develop  a 
new  science  ;  and  lastly,  their  field  of  ob- 
servation and  experiment  has  always  been 
limited  to  the  accomplishment  of  a  specific 
result. 

In  later  years,  the  many  new  and  useful 
applications  of  electricity  in  arts,  other  than 
electro  telegraphy,  has  stimulated  the  com- 
petitive efforts  of  manufacturers  to  further 
and  more  important  applications.  Under 
this  stimulus,  the  attention  of  the  scientific 
world  has  of  late  been  drawn  more  directly 
to  the  subject,  and  men  like  Seimm,  Clark, 
Becquerel,  Sabine,  Dumoncel  and  others, 
have  made  valuable  additions  to  general 
science  in  elaborate  works  upon  electricity. 
But  these  are  for  the  most  part  "men  of 
the  schools,"  and  while  their  books  evince 
patient   study   and    careful    analysis,    the 


character  of  our  standard  works  is  not 
such  as  we  would  expect  and  require  from 
men  who,  from  previous  training  and  long 
habits  of  practically  applying  abstruse 
theorems  to  actual  construction  and  prob- 
lems to  be  solved,  would  naturally  investi- 
gate this  subject  rather  in  its  application  to 
specific  results,  than  in  its  general  connec- 
tion with  abstract  science. 

Again  growing  out  of  the  antecedents 
that  I  have  mentioned,  is  a  popular 
and  widely  different  error,  that  this  is 
not  a  positive  science  (if  I  may  use  the 
expression  in  this  connection) ;  that  all 
knowledge  of  the  laws  governing  this 
subject  must  of  necessity  be  vague,  uncer- 
tain, and  beyond  the  limits  of  mathematical 
measurement  and  calculation  ;  and  that  this 
mysterious  invisible  element  is  recognizable 
only  in,  and  through,  the  phenomena  at- 
tending its  vibrations  and  movements,  and 
by  which  then  the  experienced  expert  may 
judge  of  the  presence  of  the  unseen  agent, 
with  about  as  great  a  degree  of  certainty 
as  the  physician  forms  his  diagnosis  of 
disease  from  the  varying  symptoms  of  his 
patient. 

On  the  contrary,  notwithstanding  the  fact 
that  our  researches  in  this  direction  have 
been  hitherto  desultory,  and  far  from  ex- 
haustive in  their  nature,  and  our  acqaint- 
ance  with  the  laws  governing  the  operations 
of  electricity  are  very  limited, — yet  we  have 
developed  this  fact  with  great  certainty, 
that  it  is  no  uncertain  science,  but  one  sus- 
ceptible of  exact  analysis  conforming  to 
arbitrary,  positive  rules  and  calculation. 
This  invisible,  silent  and  rnysterkms  force 
can  be  measured  in  its  length,  breadth,  and 
thickness,  with  the  accuracy  that  the  beam 
of  a  truss  may  be  measured  ;  the  consump- 
tion of  material  required  to  develop  it  in 
known  and  determinable  qualities,  may  be 
as  closely  estimated  as  the  effective  working 
amount  of  steam  can  be  computed  from 
the  amount  of  coal  burned  ;  and  the  electro 
motive  effect  of  this  force  under  any  given 
conditions,  may  be  as  exactly  calculated  as 
that  of  the  thrust  of  a  brace  under  given 
conditions.  I  do  not  say  that  this  has  also 
been  literally  accomplished ;  but  such  ad- 
vances have  been  made,  that  the  ultimate 
result  is  no  longer  a  matter  even  of  proba- 
bility. 

Already  European  governments  have 
made  this  subject  one  of  the  principal  stud- 
ies in  the  course  of  military  education.  In 
this  country,  our  military  and  naval  schools 
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have  included  in  the  courses,  with  instruc- 
tions of  a  general  character,  the  application 
of  electricity  to  specific  offensive  and  de- 
fensive objects,  and  we  have  both  in  the 
army  and  navy,  schools  for  teaching  in  tor- 
pedo and  signal  service.  It  is  not  neces- 
sary, if  the  time  would  now  permit,  to  point 
out  how  inadequate  such  instruction  must 
be,  except  so  far  as  to  accomplish  the 
specific  limited  object  in  view. 

To  the  civil  engineers  of  the  country,  men 
peculiarly  fitted  to  the  task  by  reason  of 
special  training  and  experiences,  mechanics 
rather  than  chemists,  philosophers  and  ab- 
stract scientists,  belongs  the  duty  of  devel- 
oping this  subject  to  the  dignity  of  a  prac- 
tical science. 

As  my  time  is  nearly  exhausted,  let  me 
add  one  reason  why  this  subject  should  be 
intrusted  to  the  hands  of  practical  engi- 
neers, and  not  only  to  philosophers  and 
students  of  abstruse  science — the  jpwWic 
welfare  demands  it. 

Under  cover  of  our  general  American 
apathy,  to  which  I  have  before  alluded,  the 
popular  impression  has  been  largely  culti- 
vated, that  this  is  a  vague,  uncertain,  eccen- 
tric power,  its  laws  unknown  and  undis- 
coverable,  and  that  the  simple  manipula- 
tions of  telegraphy  could  be  acquired  only 
by  special  experts  ;  and  more  by  reason  of 
this  popular  ignorance,  than  from  any  other 
cause,  extensive  telegraphic  monopolies  have 
been  built  up  to  which  we  are  paying  a 
profit  of  400  per  cent,  for  every  message 
we  send  by  them. 

Lastly,  let  me  remark  to  the  body  of  men 
before  me  who  have  attained  individually 
to  reputations  of  which  the  country  may 
well  be  proud,  and  collectively  to  an  emi- 
nence second  to  that  of  no  similar  body  in 
the  world,  I  cannot  but  think  it  a  burning 
shame  that  the  greatest,  richest,  and  politi- 
cally the  most  powerful  telegraph  company 
in  America,  if  not  in  the  world,  should, 
from  necessity,  if  not  from  a  less  reputable 
reason,  have  been  induced  to    secure  the 


services  of  an  English  expert  to  instruct 
operators  in  the  first  principles  of  their  own 
especial  calling. 

It  is  hardly  to  be  doubted  for  a  moment 
that  this  science,  entering  as  it  already  does, 
and  will  through  so  many  devices,  into  the 
manipulations  of  many  useful  arts,  will,  in 
the  future,  form  an  indispensable  part  of 
the  education  of  civil  engineers.  In  our  own 
time  and  generation  we  may  anticipate  this 
inevitable  result. 

Mr.  Collingwood  :  "Will  Mr.  Chester  state 
some  of  the  important  effects  of  electricity  ? 
It  is  used,  I  am  sure,  in  the  arts,  beyond 
what  any  of  us  knows. 

Mr.  Chester :  I  presume  it  would  be  a 
very  interesting  subject,  if  time  permitted, 
but  it  is  one  that  requires  some  degree  of 
preparation  to  present  to  the  Society  in  an 
instructive  form. 

I  will  say  that,  generally,  it  is  used  with 
different  devices  for  controlling  automatic 
machinery — controlling  it  in  the  sense  that 
the  brain  and  nerves  may  control  the  mus- 
cular system  ;  not  as  a  positive  force,  but  as 
that  which  governs  a  positive  force.  There 
is  hardly  a  limit  to  the  number  of  applica- 
tions which  might  be  devised,  for  applying 
electricity  in  this  way,  in  the  several  branch- 
es of  manufacturing  art. 

Mr.  Coryell :  Cannot  electricity  or  galva- 
nism be  brought  to  bear  in  testing  the 
strength  of  iron  and  steel  ?  Will  not  the 
arrangement  of  the  light  and  the  position  of 
the  rays  assist  in  determining  the  quality 
of  iron  and  steel  ? 

Mr.  Chester :  Experiments  of  this  kind 
have  been  made.  The  capacity  for  conduct- 
ing electricity  is  an  almost  positive  test  of 
the  purity  of  copper.  The  same  test,  or  a 
test  of  a  similar  nature,  may  be  applied 
with  very  exact  results  to  iron.  Experi- 
ments have  been  made,  I  understand  (I  do 
not  know  how  far  they  have  been  carried 
beyond  the  limit  of  my  own  experience),  in 
testing  the  quality  of  iron  by  magnetic 
impulses. 


ON  ECONHY  OF  FUEL  AND  PEEVENTION  OF  SMOKE. 

By  CAPTAIN  J.  GORDON  McDAKIN. 
From  the  "Journal  of  the  Society  of  Arts." 

The  heating  surface  being  in  proportion  i  cent.,  arising  from  imperfect  combustion, 
to  the  result  required,  there  is  still  in  all  Indeed  it  has  recently  been  stated,  on  the 
furnaces,  and  particularly  in  those  of  marine  l  authority  of  a  Royal  Commission,  that  our 
engines,  a  loss  amounting  to  at  least  25  per  I  best  Cornish  engines  only  utilize  one-eighth 
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of  the  coals  burnt,  and  the  majority  of  en- 
gines not  more  than  one-thirteenth. 

In  order  that  I  may  explain  the  object 
that  I  have  in  view,  and  the  principle  of  my 
system,  by  which  I  seek  to  prevent  this  loss, 
it  is  necessary  to  consider  the  nature  of 
those  effects  which  we  find  in  operation  in 
the  furnaces  of  our  engines. 

When  coal  is  burnt  in  the  open  or  in  the 
ordinary  house  grate,  the  principal  products 
of  combustion  are  carbonic  acid  and  water ; 
a  certain  portion  of  finely  divided  carbon  es- 
capes combustion  and  constitutes  the  soot  or 
visible  smoke  of  a  coal  fire.  When  the  de- 
composition of  coal  is  effected  in  retorts  or 
vessels  from  which  the  air  is  excluded,  the 
products  are  much  more  numerous  and  com- 
plicated. A  large  amount  of  volatile  matter 
is  expelled,  partly  in  the  form  of  hydrocar- 
bon gases,  and  partly  in  the  form  of  hydro- 
carbons in  the  state  of  vapor,  solid  coke 
remaining  in  the  retort. 

Now,  different  parts  of  the  furnace  fre- 
quently represent  the  conditions  of  the  open 
lire  and  retort,  also  constantly  varying  in 
place  and  temperature.  In  the  laboratory 
if  we  want  a  smokeless  gas  flame,  we  adopt 
some  contrivance  similar  to  the  Bunsen's 
burner,  in  which  a  mixture  of  air  and  gas 
takes  place  (as  in  some  varieties)  through 
wire  gauze,  the  particulars  of  air  and  gas 
being  thoroughly  distributed  through  the 
entire  volume  ;  the  molecules  of  each  gas 
coming  into  individual  contact,  a  condition 
that  is  essential,  and  the  result  is  a  smoke- 
less flame,  in  which  glass  tubes  and  white 
porcelain  capsules  may  be  heated  without 
becoming  blackened. 

This  would  not  be  the  case  with  the  ordi- 
nary gas-jet  burning  in  the  open  ;  the  supply 
of  air  in  this  is  abundant,  but  it  is  not  com- 
mingled with  the  flame,  only  coming  into  con- 
tact with  the  outer  shell,  producing  a  flame 
that  deposits  a  thick  soot  on  any  other  object 
placed  in  it,  pointing  out  the  absolute  neces- 
sity of  maintaining  the  conditions  of  combus- 
tion that  we  possess  in  the  Bunsen's  burner. 

It  would  be  simply  ridiculous  to  attempt 
to  make  gunpowder  by  the  hap-hazard  throw- 
ing together  of  saltpetre,  sulphur,  and  char- 
coal. The  proportions  of  the  gun  and  pro- 
jectile might  be  the  best,  but  what  result 
should  we  have  from  an  explosive  so  pre- 
pared ?  It  is  doubtful  whether  it  would 
ever  burn.  Is  there  not  a  close  analogy 
between  this  and  the  well-constructed  boiler 
and  furnace,  and  the  condition  of  the  com- 
bustible  material  represented  in  the  latter 


by  the  imperfect  mixture  of  air  and  flame  ? 
Not  only  may  vast  quantities  of  uncon- 
sumed  carbon  pass  off  in  a  dense  smoke,  but 
also  volumes  of  invisible  and  inflammable 
gases  escape  ignition,  as  they  would  from 
the  retort  of  a  gas  factory,  and  at  a  low 
temperature  the  furnace  may  actually  be 
distilling  hydrocarbon  oils,  as  in  one  special- 
ly built  for  that  purpose. 

It  is  this  visible  loss  in  smoke,  and  visible 
loss  in  unconsumed  gases  and  vapors,  which 
it  is  our  object  to  save  by  the  proper  admix- 
ture of  the  atmospheric  oxygen. 

Various  contrivances  have  been  proposed 
for  this  purpose,  and  adopted  with  more  or 
less  success.  Improvements  at  the  bottom 
of  the  furnace,  as  in  the  ventilating  fire 
bars,  which  make  a  better  distribution  of 
the  air,  at  the  lower  part  of  the  fuel.  In 
others  the  air  has  been  admitted  at  the  fire- 
door,  and  at  the  back  of  the  bridge  ;  but 
the  volume  of  air  Ijas  generally  been  great- 
er than  necessary,  chilling  the  gases  below 
the  point  of  ignition,  the  stream  of  cold  air 
only  coming  into  surface  contact  with  the 
heated  gases,  as  some  ocean  currents  of  hot 
and  cold  water  are  said  to  flow  side  by  side 
without  mingling  with  each  other. 

It  is,  therefore,  the  thorough  admixture  of 
the  heated  gases  with  air,  as  in  the  Bunsen's 
burner,  which  is  the  essential  feature  of  the 
system  which  is  the  subject  of  this  paper. 

The  object  in  view  I  seek  to  attain  as 
follows  : — 

In  each  tube  of  an  ordinary  tubular  boiler 
is  inserted  another  of  much  smaller  diame- 
ter, perforated  at  its  end  nearest  the  fire  in 
such  a  manner  as  to  cause  an  induced 
draught  when  required,  by  a  current  of  air 
flowing  through  the  said  tube,  or  being 
forced  through  by  a  blower  or  steam  jet, 
this  being  under  perfect  control  by  opening 
or  closing  a  valve.  Each  of  the  boiler  tubes 
is  in  this  manner  filled  by  a  smokeless  flame 
of  great  intensity — the  deposit  of  soot  and 
dust  is  reduced  to  a  minimum,  there  not 
being  any  smoke  except  on  first  lighting  the 
fires.  No  obstruction  is  offered  to  cleansing 
the  tubes,  and  the  inner  ones  can  be  separ- 
ately unscrewed,  or  removed  in  sets,  when 
it  is  required  to  prick  out  the  perforations 
or  to  renew  the  ends. 

The  expense  is  small,  the  air  pipes  cost- 
ing not  more  than  a  few  pence  per  foot,  and 
no  alteration  for  their  introduction  being 
required  except  of  a  most  trifling  nature. 

The  same  system  is  applicable  to  locomo- 
tives and  other  engines. 


528 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


LOADS  AND  DEFLECTIONS  OF  SOLID  BEAMS.* 


From  "The  Builder." 


The  methods  "which  have  been  in  use 
for  the  last  twenty  years  for  calculating  the 
strength  of  iron  beams,  have  all  been  more 
or  less  based  on  the  experiments  and  ma- 
thematical investigations  made  by  the  late 
Eaton  Hodgkinson  ;  and  the  author  of  the 
essay  before  us  has  not  been  able  to  dis- 
cover anything  more  reliable  than  the  re- 
corded results  obtained  by  that  eminent  ex- 
perimenter ;  the  chief  novelty  about  his  in- 
vestigations consisting  in  the  view  he  takes 
of  those  results  in  their  bearing  upon  the 
strength  of  beams.  He  finds  fault  with  the 
usual  methods  of  calculation,  because  they 
give  the  breaking  or  ultimate  strength  in- 
stead of  what  is  really  wanted  by  the  prac- 
tical engineer,  the  proof  strength  or  the 
utmost  load  that  can  be  put  upon  a  beam 
without  permanently  injuring  its  elas- 
ticity. 

In  cast-iron  beams,  Mr.  Donaldson  con- 
siders that  experiments  show  that  the  mo- 
dulus of  elasticity  whether  for  tension  or  com- 
pression, can  be  taken  as  nearly  the  same, 
■when  the  load  is  not  sufficient  to  impair  the 
elasticity  of  the  material ;  but  that  in  beams 
of  wrought-iron  the  modulus  for  extension 
is  to  that  for  compression  in  the  proportion 
of  14  to  11. 

Mr.  Donaldson's  investigations  differ 
therefore  in  this  point  from  previous  ones,  in 
taking  two  moduli — one  for  compression, 
and  another  for  extension — instead  of  an 
average  modulus  to  include  both  strains. 
This  is  no  doubt  the  correct  method,  but  it 
involves  more  complicated  formulas,  and  it 
may  well  be  questioned  whether  such  nicety 
is  of  much  practical  value  in  determining 
the  strength  of  beams,  since  we  seldom  find 
that  any  two  specimens  have  exactly  the 
same  modulus,  and  therefore,  after  all,  only 
an  average  value  can  be  taken. 

There  is  one  other  important  point  in 
which  our  author  differs  from  his  prede- 
cessors, which  consists  in  taking  the  ratio 
of  tensile  and  compressive  stresses  as  widely 
different  w'hen  proof  stress  or  ultimate 
stress  is  under  consideration.  The  ultimate 
compressive  strength  of  cast  iron,  as  deter- 
mined by  experiments  on  short  cylinders,  is 


*  New  Formulas  for  the  Loads  and  Deflections  of  Solid  Beams 
and  Girders.  By  W.  Donaldson,  M.  A.  New  York :  Van  Nos- 
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J  about  six  times  the  ultimate  tensile  strength; 
I  and  on  this  relation  the  form  of  section  of 
■  what  is  called  the  Hodgkinson  cast-iron  beam 
is  based,  making  the  metal  of  the  bottom 
flange,  which  suffers  a  tensile  strain  six  times 
that  of  the  upper  one  which  is  under  compres- 
sion. Mr.  Donaldson,  however,  considers 
that  this  is  a  wrong  conclusion  to  draw,  and 
that  the  proof  compressive  strength  being 
only  three  times  the  proof  tensile  strength, 
the  form  of  the  girder  should  be  based  on 
this  principle,  and  not  on  the  ultimate  or 
breaking  strength  of  the  metal.  He  takes 
this  view  of  the  relations  of  proof  and  ulti- 
mate stress  from  a  table  of  experiments 
given  by  Hodgkinson,  in  the  Parliamentary 
Report  for  1849,  which  were  made  on  a 
number  of  cast-iron  rods  10  ft.  long  and  1 
in.  sq.,  in  which  it  appears  that  a  compres- 
sive force  of  25,600  lbs.  was  all  that  they 
would  bear  without  injury,  the  tensile  strain 
being  8,000  lbs.,  without  impairing  the 
elasticity.  If  we  refer,  however,  to  the  re- 
cord of  these  experiments,  we  find  it  stated 
that  the.  rods  were  enclosed  in  an  iron 
frame,  which  prevented  their  getting  out 
of  a  right  line ;  but,  notwitstanding  this  pre- 
caution, some  of  the  bars  strained  with  16 
or  18  tons  had  become  very  perceptibly 
undulated.  This  might  well  be  expected 
from  their  great  length,  as  compared  with 
the  width,  which  would  be  of  no  conse- 
quence in  tensile  strain  ;  but  when  a  com- 
pressive force  was  applied,  the  resistance 
would  vary  according  to  the  ratio  of  breadth 
to  length,  the  strength  of  very  long  pillars 
being  shown  by  Hodgkinson's  o'ther  ex- 
periments to  be  nearly  inversely  as  the 
square  of  the  length.  It  appears,  therefore, 
that  the  experiments  which  Mr.  Donaldson 
quotes  are  not  of  much  value  for  the  pur- 
pose of  determining  the  resistance  of  the 
upper  flange  of  loaded  beams  to  compres- 
sion, and  that  a  proof  stress  for  compres- 
sion of  one-fourth  the  ultimate  strength  is 
far  too  little  to  allow  in  beams  of  cast- 
iron. 

AVith  regard  to  wrought-iron,  it  is  almost 
impossible  to  fix  with  any  accuracy  the 
average  ultimate  strength,  whether  compres- 
sive or  tensile,  since  so  very  much  depends 
on  the  quality  and  ductility  of  the  met- 
al, there  being  no  exact  point  in  good 
wrrought-iron    at  which   crushing    can   be 
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said  to  occur ;  while,  on  the  other  hand, 
it  may  generally  be  drawn  out  very 
considerably  by  a  tensile  force  before 
fracture  takes  place.  Mr.  Donaldson 
takes  as  his  authority  some  experiments  of 
Hodgkinson's  on  bars  10  ft.  long  by  1  in. 
sq.,  and  from  these  he  deduces  the  ratio  of 
3  to  2  as  that  of  proof  compressive  to  proof 
tensile  stress  in  wrought  iron.  This,  how- 
ever, is  an  inference  drawn  from  one  set  of 
experiments  only,  and  very  different  results 
are  shown  by  Hodgkinson  in  another  set, 
on  bars  of  larger  diameter.  In  subjecting 
long  bars  of  wrought  iron  to  a  compressive 
force  in  the  direction  of  their  length,  al- 
though kept  from  bending  by  mechanical 
means,  the  same  difficulty  will  arise  as  men- 
tioned in  the  case  of  those  of  cast  iron,  and 
they  can  only  be  considered  as  long  pillars, 
whose  strength  depends  on  the  ratio  of 
diameter  to  length.  For  these  reasons, 
we  can  hardly  admit  that  Mr.  Donaldson 
has  proved  the  principle  which  he  affirms, 
"  that  it  would  be  wrong  to  use  formulas 
with  constants  determined  by  ascertaining 
the  experimental  breaking-weights,  to  de- 
sign beams  intended  to  support  proof  and 
working  loads." 

But  whatever  difference  of  opinion  there 
may  be  as  to  the  conclusions  to  be  drawn 
from  experiments,  there  can  be  none  as  to 
those  deduced  by  pure  mathematical  reason- 
ing, in  which  Mr.  Donaldson  is  certainly  an 
adept,  and  has  worked  out,  by  means  of  the 
integral  calculus,  very  exact  formulas  for 
finding  the  strength  and  deflection  of  beams 
in  cast  or  wrought  iron  and  timber.  These 
formulas  are  quite  independent  of  the  re- 
sults of  experiments,  and  will  be  found  of 
equal  use  whatever  value  of  constants  the 
engineer  may  deem  it  advisable  to  employ. 
It  will  only  be  those  who  have  a  good 
acquaintance  with  algebra  that  will  be  able 
to  follow  the  author's  arguments  or  to  un- 
derstand the  application  of  the  formulas 
deduced ;  but  the  following  are  some  of  the 
results  obtained,  and  which  will  not  be 
difficult  of  practical  application. 

In  the  case  of  solid  rectangular  beams  of 
any  material,  let  W  be  the  load  applied  at 
the  centre  of  the  beam,  to  the  weight  per 
unit  of  length  (I)  of  tfie  beam  itself,  d  the 
depth  and  b  the  breadth  of  the  beam,  f,  f 
the  horizontal  components  of  the  stress  per 
unit  of  area  on  the  extreme  bottom  and  top 
edges  respectively  actually  exerted,  E  the 
modulus  of  elasticity  in  extension,  E'  the 
modulus  in  compression  ;  then  the  relation 
You  VIL— No.  5—34 


between  the  applied  forces  and  the  resist- 
ances is  expressed  by  the  equations — 


,  I  w 
W  +  -.J 


4/^1 


3<  0 +  vV 


or, 


_  4ft<a6 

the  upper  or  lower  expression  to   be   used 
according  as  E  is  less  or  greater  than  E'. 

The  deflection  at  the  centre  of  a  rectan- 
gular beam  with  a  distributed  load  is, 


Deflection  = 


v.6+y!> 


4bil<i 


5/0  +  /!> 


The  deflection  produced  by  a  central  load  Is 
to  that  by  a  distributed  one  of  equal  amount 
in  the  proportion  of  8  to  5. 

In  the  case  of  flanged  girders,  let  D  be 
the  distance  between  the  centres  of  gravity  of 
the  top  and  bottom  flanges,  A  and  A'  their 
sectional  areas ;  then  we  have  the  relation 
between  the  forces  determined  by  the 
equations, 

W-f  ?-^  =  4/A.D 

or, 

=  4/'A'.D 

If  the  areas  of  the  flanges  are  proportioned 
so  that 

/  =E 

r   & 

then  the  central  deflection,  with  a  central 
load,  when /'is  constant,  is, 


Deflection 


or, 


fit 

f'l* 

''■kEd 


Mr.  Donaldson  has  also  devoted  a  few 
pages  of  his  essay  to  the  investigation  oi 
the  ratio  of  depth  to  span  in  wrought-iron 
railway  girders,  for  which  a  table  is  given 
with  the  ratios  varying  according  to  the 
spans. 
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THE  GENERATION  OF  HEAT  DURING  THE  BESSEMER  PROCESS. 

Bt  RICH  AKERMAN",  Professor  at  the  School  of  Mines,  Stockholm. 
From  '•  Engineering." 


Experience  has  more  and  more  confirmed 
that,  having  at  hand  proper  materials  for  the 
Bessemer  process,  there  is  nothing  -which 
exercises  so  powerful  an  influence  on  the 
quality  of  the  product  as  the  degree  of  heat 
•which  is  attained  during  the  process.  The 
greater  this  heat  the  closer  and  more 
homogeneous  will,  as  a  rule,  the  Bessemer 
metal  turn  out,  besides  which  the  danger  of 
its  becoming  red  short  is  proportionately 
diminished ;  nor  does  it  seem  improbable 
that  the  brittleness,  which  at  times  charac- 
terizes Bessemer  metal,  stands  in  some  re- 
lation to  a  deficiency  of  heat  during  the 
process.  Lastly,  a  good  heat  will  also 
produce  a  larger  percentage  of  steel  in  in- 
gots, partly  because  a  less  quantity  of 
material  is  thrown  out  by  the  blast,  in  pro- 
portion as,  by  the  raised  temperature,  the 
bath  is  rendered  more  liquid,  and  partly 
because  the  metal  refined  at  a  high  tem- 
perature is  sufficiently  superheated  not  to 
cool  in  tapping  and  thus  to  form  scull.  A 
correct  insight  into  all  the  circumstances 
which  during  the  process  in  question  affect 
the  degree  of  heat  must  therefore  be  of  the 
greatest  importance  to  every  Bessemer 
smelter ;  the  more  so  that  the  differences 
between  the  kinds  of  pig  iron  employed  in 
Bessemer  steel  making,  which  arise  from 
the  varying  qualities  of  the  ores,  are  suffi- 
ciently marked  to  require  very  different  con- 
ditions in  different  places  to  attain  the 
desired  high  temperature. 

The  wish  to  contribute,  at  least  in  some 
slight  degree,  to  a  dissemination  of  the 
knowledge,  in  these  respects,  which  has 
hitherto  been  acquired,  is  the  principal 
motive  for  the  present  memoire,  which  has, 
however,  been  more  immediately  called 
forth  by  two  dissertations  published  in  the 
course  of  last  year,  namely,  Mr.  Jordan's, 
in  "Bulletin  de  la  Societe'  des  Ingenieurs 
Civils,"  and  Professor  Kupelwieser's,  in 
"  Oesterreichische  Zeitshrift  fur  Berg-  und 
Hiitten-wesen,"  from  which  papers  the 
substance  more  essentially  bearing  on  Swe- 
dish production  will  be  communicated  in 
the  following,  conjointly  with  my  own  calcu- 
lations and  views. 


*  Translated  from  the  Minutes  of  the  Institution  of  Civil  En- 
gineers in  Sweden,  by  C.  P.  Sandberg. 


The  object  of  conversion,  as  is  well 
known,  is  to  free  the  iron  from  the  matters 
with  which  it  is  combined  in  the  pig,  and 
which  principally  consist  of  carbon  (from  2 
per  cent,  to  5  per  cent.),  silicon  (0.1  to  about 
1.3  per  cent,  in  Sweden,  but  from  0.3  up  to 
4  or  5  per  cent,  in  coke  pig  iron),  and 
manganese  (from  traces  to  about  4  percent., 
and  in  spiegel  iron  occasionally  as  much  as 
20  per  cent.)  The  removal  of  these  matters 
is  brought  about  by  their  oxidation,  which 
does  not,  however  take  place  quite  simul- 
taneously, for  at  the  commencement  it  is, 
principally  at  least,  the  silicon  and  maganese, 
together  with  a  small  portion  of  iron,  which 
are  oxidized,  while  in  ordinary  cases  most 
of  the  carbon  is  only  removed  after  the 
greater  part  of  the  two  first-mentioned 
substances  has  formed  a  slag.*  The  silicon 
and  manganese  remain,  even  after  oxida- 
tion, in  contact  with  the  iron,  forming  as 
silica  and  protoxide  of  manganese,  together 
with  the  oxidized  iron,  slag ;  but  the  oxid- 
ized carbon,  on  the  other  hand,  goes  off 
partly  as  carbonic  oxide,  which  afterwards, 
in  contact  with  the  air,  is  further  oxidized 
into  carbonic  acid. 

Conversion  by  smelting  was,  up  to  the 
year  1855,  exclusively  effected  by  the  pig- 
iron — either  in  contact  with  charcoal,  as 
in  the  hearth-forging,  or  separated  from  the 
fuel  as  in  puddling — being  smelted  down 
and  exposed  to  the  oxidizing  influence  of 
the  air,  as  well  as  of  the  slag,  and  in  this 
process  no  consideration  whatever  was  at- 
tached to  the  generation  and  consumption  of 
heat  which  was  caused  by  the  chemical 
reaction  taking  place  in  the  smelted  mass ; 
but  in  order  to  obtain  a  sufficient  degree  of 
heat,  the  simple  expedient  was  adopted  of 
burning  separate  fuel.  The  heat  engendered 
by  the  combustion  of  this  fuel  was,  however, 
in  by  far  the  greater  proportion,  entirely  lost, 
partly  with  the  dispersing  products  of 
combustion,  and  partly  by  the  outward 
radiation  from  the  walls  of  the  furnace, 
whilst  only  an  inconsiderable  portion  was 
brought  to  act  on  the  iron,   partly  by  its 


*  See  Calvert  and  Johnson's  investigations  of  the  puddling 
process,  "Annals  of  the  Iron  Office,"  Stockholm,  1S58,  page 
202;  Kollberg  on  the  Bessemer  process,  "Annals  of  the  Iron 
Office, "'  1S65,  page  314,  and  Brusewitz  on  the  same  subject 
"Annals  of  the  Iron  Office,"  Stockholm,  1871,  page  222. 
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contact  with  the  flame,  and  partly  by  the 
heat  communicated  to  the  mass  from  the 
furnace  walls.  In  order  by  this  method  to 
smelt  down  2  tons  of  pig  iron  in  a  puddling 
furnace,  and  heat  it  to  about  1,400  deg. 
Centigrade,  a  quantity  of  about  1  ton  of 
coal  was  consumed,  from  which  was  pro- 
duced about  7,500,000  calories*;  but  of 
these,  according  to  Jordan,  5,000,000  to 
6,000,000  were  carried  away  with  the  gases, 
and  about  1,000,000  were  lost  by  radiation 
fr  om  the  furnace  walls,  while  only  about 
600,000  calories,  or  spy,  j1^  of  the  heat  pro- 
duced, were  absorbed  by  the  pig-iron  bath. 
Now,  as  regards  the  fuel  which  is  consumed 
in  the  puddling,  as  well  as  the  charcoal 
hearth  process,  after  the  pig  iron  is  smelted, 
the  said  fuel  is  not  only  entirely  wasted  by 
these  processes,  but  a  proportion  of  the 
heat  produced  by  the  oxidation  of  silicon, 
manganese,  iron  and  carbon,  which  takes 
place  during  these  processes  is,  in  point  of 
fact,  lost  also.  The  correctness  of  this 
asssertion  will  be  best  apprehended  by  a 
comparison  with  the  Bessemer  process,  in 
which,  with  the  exception  of  that  possibly 
necessary  for  smelting  down  the  pig-iron, 
no  separate  expenditure  of  fuel  is  required ; 
but  the  heat,  generated  by  that  process  in 
itself  is  so  well  made  use  of,  that  the  ma- 
terial or  metal  remains  in  a  liquid  state, 
and  is  consequently  much  more  heated  than 
during  the  puddling  process  or  process  of 
refining  in  the  hearth. 

The  Bessemer  process  consists,  as  is  well 
known,  in  forcing  atmospheric  air  through 
the  molten  mass  of  pig  iron,  and  the  cause 
why  the  heat  generated  by  this  process  is 
so  much  more  completely  utilized  than  in 
the  other  converting  methods,  is  simply 
from  the  briskness  with  which  the  conver- 
sion takes  place  in  the  Bessemer  converter, 
the  whole  mass  being  penetrated  by  com- 
pressed air,  and  the  refining,  or  oxidation, 
being  consequently  effected  simultaneously 
through  the  whole  mass.  This  "  inter- 
molecular"  combustion  pervading  the 
whole  mass  of  iron,  is  also  the  cause  of  the 
walls  of  the  Bessemer  converter  not  becom- 
ing so  superheated  as  would  be  the  case  if 
it  were  attempted  to  bring  the  mass  up  to  a 
similar  degree  of  temperature  in  a  rever- 
beratory  furnace,  because  the  walls  of  the 
Bessemer  converter  receive  the  heat,  so  to 
say,  second-hand  from  the  metal,  whereas 
the  contrary  takes  place  in  a  reverberatory 


*A  calork  =3. 96S  British  thermal  units. 


furnace,  in  which  the  metal  is  heated  chiefly 
by  the  radiation  from  the  roof  and  walls. 
It  is  clear,  moreover,  that  the  greater  the 
mass  which  is  manipulated  at  one  time  and 
the  more  quickly  the  process  is  carried  on,  the 
less  is  the  proportionate  heat  which  the 
walls  of  a  Bessemer  converter  will  have 
time  to  absorb  and  conduct  away,  and  the 
hotter,  in  consequence,  will  be  the  metaL 

Following,  principally,  Mr.  Jordan,  we 
will  now,  in  the  first  instance,  endeavor  to 
explain  the  conditions  of  heat  which  take 
place  during  the  oxidation  of  the  different 
substances  which  enter  into  the  composition 
of  pig  iron,  as  well  with  pure  oxygen  as 
with  atmospheric  air,  and  with  so-called 
"  dry  "  steam  at  a  temperature  of  100  deg. 
C. ;  but  before  doing  this  it  will  first  of  all 
be  necessary  to  put  forward  certain  assump- 
tions in  respect  of  the  condition  of  the  pig 
iron  bath,  etc. 

According  to  Pouillet  and  Pe'clet,  the 
melting  temperature  for  white  pig  iron,  rich 
in  carbon,  is  1,054  deg.  C,  and  for  grey  pig 
iron,  rich  in  graphite,  1,200  deg.  0.  Ac- 
cording to  L.  Binnian,  the  smelting  tempe  r- 
ature  for  ordinary  Swedish  pig  iron  stands 
at  about  1,200  deg.  C.  Its  heat  of  lique- 
faction, by  the  same  authority,*  amounts  to 
46  calories,  and  its  specific  heat 

between  0  deg.  C.  and    200  deg.  C.  to  0.13 

0  deg.  C.  and  I:*00  deg.  C.  to  0.16 

and  for  molten  pig  iron  to  0.21 

If,  therefore,  the  initial  temperature  of 
the  Bessemer  pig  iron  bath  is  assumed  to> 
be  1,400  deg.  C.,  or  200  deg.  higher  than. 
necessary  for  melting  the  pig  iron,  it  would, 
for  each  ton  of  pig  iron  possess  : 

1000  {(1200  X  0.16)+464-(200  x  0.21)}=  280,000. 

calories,  and  to  change  its  temperature  1 
deg.  C.  would  require  the  addition  or  sub- 
traction of  210  calories  for  the  same  quan- 
tity. 

It  will  be  shown,  further  on  in  this  roe- 
moire,  that  the  whole  of  the  oxygen  con- 
tained in  the  current  of  gas  injected  for 
converting  the  pig  iron  is  not  always  com- 
pletely absorbed  by  that  pig  iron,  but  that 
this  only  takes  place  under  certain,  condi- 
tions ;  but  inasmuch  as  it  should  always  be 
the  object  to  try  to  bring  about  a  complete 
utilization  of  the  oxygen  (because  otherwise 
the  metal  will  become  less  heated),  we  will 


*  Surror  of  the  Transactions  of  the  Royal  Academy  of  Sci- 
ences, 1865, 
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in  the  following  calculations  uniformly  as- 
sume that  the  oxygen  has  been  fully  util- 
ized. It  may  further  be  presupposed,  that 
the  gases  passing  off  from  the  bath  have,  in 
ascending  through  the  latter,  absorbed  so 
much  heat  that,  in  the  main,  they  leave  the 
bath  with  its  initial  temperature,  or  1,400 
deg.  Finally,  we  will  likewise  assume  that 
the  walls  of  the  converter  are  perfectly  infu- 
sible, and  that  no  heat  is  carried  away 
through  them  from  the  bath.  These  as- 
sumptions certainly  can  never  be  fully  real- 
ized, but  no  essential  discrepancies  need  oc- 
cur on  account  of  them,  inasmuch  as  this 
desideratum  is  approached  nearer  and  near- 
er in  proportion  as  larger  quantities  of  pig 
iron  are  converted  at  the  same  time,  while 
the  process,  nevertheless,  is  accelerated. 

In  order  to  make  the  calculations  as  easi- 
ly applicable  as  possible,  they  will  through- 
out be  made  per  ton  of  pig  iron.* 

COMBUSTION   OF   IKON. 

1.  With  Oxygen. — For  the  oxidation  or 
combustion  of  10  kilos,  of  iron,  or  1  per 
cent  of  the  assumed  quantity  of  pig  iron 
there  will  be  required,  8  :  28=2.857  kilos. 
of  oxygen  and  the  product  is  12.857  kilos. 
of  protoxide  of  iron,  in  the  formation  of 
2.857  X  4>205t  =  12,013  calories  are  pro- 
duced. 

The  whole  of  this  heat  cannot,  however,  be 
utilized  by  the  iron  bath,  partly  because  the 
protoxide  which  has  been  formed  decreases 
the  quantity  of  the  metal,  and  partly  because 
it  has  a  higher  specific  heat  than  the  metal- 
lic iron  (0.17  instead  of  0.11  in  the  solid, 
and  probably  still  more  in  the  molten  state) 
on  which  account  it  must  deprive  the  bath 
of  at  least 

\  12,857  X  (0-17  -  0.11) }  1400  =  1520 

calories. 

There  remain  consequently  for  the  addi- 
tional heating  of  the  bath,  per  ton  pig  iron 
employed,  12,013  —  1,520=10,493  calories 
for  every  per  cent,  of  iron  burnt  with  oxy- 
gen gas. 

2.  With  Atmospheric  Air. — For  the  com- 
bustion of  10  kilos,  of  iron  will  be  required 
2.857  kilos,  of  oxygen,  which  in  the  air  is 

aicompanied by"'  °  =9.57  kilos. of  ni- 

trogen.    The    quantity  of  heat   generated 
in  a  ton  of  pig  iron  would,  as  in  the  previ- 


*  1.000  kilos  are  taken  as  equal  to  1  ton. 

t  Jerakontoret's  Annaler,  Stockholm,  1871,  p.  102. 


ous  case,  amount  to  10,493  calories,  were  it 
not  that  the  nitrogen,  in  ascending  through 
the  bath,  absorbs  and  carries  away  with  it 
9.57X0.244X1,400  =  3,209  calories.  In 
this  case  there  will  consequently  be  10,493 
— 3,269=7,224  calories  which,  in  every  per 
cent,  of  oxidized  iron  per  ton  of  pig  iron, 
can  be  utilized  for  the  bath. 

3.  With  Steam. — For  the  combustion  of 
10  kilos,  of  iron  2,857  kilos,  of  oxygen  is 
required  and  consequently  2.857X9  :  8= 
3.214  kilos,  of  steam,  which  contains  0.357 
kilos,  of  hydrogen.  The  quantity  of  heat 
generated  by  the  combustion  of  10  kilos,  of 
iron  amounts,  as  in  the  foregoing  cases,  to 
10,493  calories  ;  but  if  the  injected  steam 
has  a  temperature  of  100  deg.  0.,  the 
amount  of  heat  thus  introduced  must  be 
added,  which  makes  3.214X0.475X100= 
153  calories,  so  that  the  whole  quantity  of 
heat  generated  per  ton  of  pig  iron  by  the 
oxidation  of  1  per  cent,  of  the  iron  in  this 
case  amounts  to  10,493-|-153=10,646  ca- 
lories. 

On  the  other  hand,  there  will  be  required 
for  the  decomposition  of  the  steam  0.357  X 
29,638=10,581  calories,  and  if  the  hydro- 
gen set  free  in  the  process  should  escape  at 
a  temperature  of  1,400  deg.,  and  its  specific 
heat  were  3.40,  it  would  carry  away  from 
the  bath  0.357><340XM00=  1,699  calories. 
The  total  consumption  of  heat  would,  there- 
fore, be  10,581+1699=12,280  calories. 
For  every  per  cent,  of  iron  oxidized  by 
means  of  steam  there  would  consequently 
be  a  decrease  of  heat  per  ton  of  pig  iron 
equal  to  12,280—10,646=1634  calories. 

This  diminution  of  heat,  caused  by  the 
oxidation  of  iron  with  water,  cannot  in 
reality,  however,  be  quite  so  considerable, 
for  in  the  first  place  the  hydrogen,  in  pass- 
ing off,  cannot  carry  so  high  a  temperature 
as  1,400  deg.,  because  in  this  case  the  initial 
temperature  of  the  bath  is  not  increased, 
but  is,  on  the  contrary,  reduced  ;  and  in  the 
second  place  it  cannot,  for  reasons  which 
will  hereafter  be  more  fully  explained,  be 
correct  to  set  down  the  specific  heat  of  the 
hydrogen  as  high  as  3.40,  inasmuch  as  this 
figure  represents  its  specific  heat  under 
constant  pressure,  while  its  specific  heat,  at 
a  constant  volume,  is  only  0.2356.  Some 
intermediate  value  between  these  two  figures 
would  therefore  be  the  right  one  in  this  case, 
but  it  is  difficult  to  define  it,  depending,  as 
as  it  does,  on  the  pressure  of  the  gas  in  the 
flue  of  the  furnace,  or  in  the  aperture  for 
the  escape  of  the  gases  from  the  converter. 
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Now  if  the  quantity  of  heat  carried  away 
by  the  hydrogen  is  computed  on  the  as- 
sumptions that  the  specific  heat  is  only  0.236, 
and  that  the  hydrogen,  when  escaping,  has 
only  a  temperature  of  800  deg.,  the  loss  of 
heat  here  in  question  would  be  limited  to 
0.357X0.236X800=67  calories,  and  the 
total  consumption  of  heat  would  amount  to 
10,581-j-67=10,648  calories,  which  at  any 
rate  does  not  fall  short  of  the  generation  of 
heat  (10,646  calories);  from  which  it  is  evi- 
dent that  in  the  combustion  of  iron  with 
steam  a  reduction  of  heat  must  always  take 
place. 

COMBUSTION    OF    MANGANESE. 

The  calorific  effect  of  manganese,  as  far 
as  the  author  is  aware,  is  as  yet  unknown  ; 
but  inasmuch  as  its  equivalent  weight  not 
only  scarcely  differs  from  that  of  iron,  but 
also  the  specific  heat  of  the  oxide  of  manga- 
nese very  nearly  coincides  with  that  of  the 
oxide  of  iron,  it  is  assumed  by  Mr.  Jordan 
that  the  calorimetrical  heating  effects  of 
these  substances  must  correspond  pretty 
closely.  The  specific  heat  of  manganese  is, 
however,  higher  than  that  of  iron,  and  the 
protoxide  of  manganese,  in  particular,  is  a 
good  deal  more  difficult  to  reduce  than  the 
protoxide  of  iron,  and  it  seems,  therefore,  on 
these  grounds,  to  be  not  altogether  unrea- 
sonable to  assume  that  the  calorific  effect  of 
manganese  is  considerably  higher  than  that 
of  iron.  The  strongest  support  for  this 
theory  is,  however,  afforded  by  the  great 
development  of  heat  which  generally  distin- 
guishes the  treatment,  according  to  the 
Bessemer  method,  of  such  kinds  of  pig  iron 
as  contain  any  appreciable  admixture  of 
manganese  ;  but  until  the  calorific  effect  of 
manganese  shall  have  been  ascertained  by 
direct  experiments,  there  can,  naturally,  be 
no  question  of  calculations  as  to  the  quantity 
of  heat  generated  by  the  oxidation  of  that 
substance. 

COMBUSTION    OE    CAEBON. 

1.  With  Oxygen. — To  convert  into  car- 
bonic oxide  10  kilos  of  carbon  or  1  per  cent, 
of  the  quantity  of  pig  iron  taken  as  a  normal, 

.,,  .      10  x  H 

will  require 

gas. 


=  13.33  kilos,  of  oxygen 

Whether  this  combustion  is  effected 
directly  or  by  indirect  action,  that  is  to  say, 
by  the  oxidation  of  iron  and  the  reduction 
again  of  this  iron  through  the  carbon,  its 
result  ought,  under  ordinary  circumstances, 
when  combustion,  as  in  the  Bessemer  pro- 
process,   takes  place  in  a  bath  of  molten 


iron,  to  consist  in  carbonic  oxide,  for  the 
carbonic  acid  which  may  possibly  have 
been  formed  must  be  assumed  to  have  been 
instantly  reduced  by  the  molten  iron  *  under 
the  influence  of  a  temperature  very  highly 
elevated.  Reasons  are,  therefore,  in  all 
probability,  not  wanting  for  supposing  that 
the  quantity  of  heat  generated  by  the  com- 
bustion of  the  carbon  contained  in  the  pig 
iron  is  in  any  case  equal  to  the  amount  of 
heat  generated  by  the  combustion  of  carbon 
into  carbonic  oxide.  By  the  combustion  in 
question  there  ought,  consequently,  under 
ordinary  circumstances,  to  be  formed  23.83 
kilos,  of  carbonic  oxide,  resulting  in  the 
generation  of  24,730  calories. 

If  the  carbonic  oxide,  when  escaping, 
possesses  a  temperature  of  1400  deg.,  it 
will,  however,  deprive  the  bath  of 
J  23.33  X  (0.2479  -  0.241) }  1400  =  4718 
calories, and  there  will,  consequently,  remain 
24,730—4718=20,012  calories  per  ton  of 
pig  iron,  for  every  hundredth  part  of  car- 
bon burnt  with  pure  oxygen,  available  for 
the  further  heating  of  the  metal. 

2.  With  Atmospheric  Air. — In  order  to 
convert  10  kilos,  of  carbon  into  carbonic 
oxide,  there  is  required  13.33  kilos,  of  oxy- 
gen, which,  in  the  atmospheric  air,  is  in- 
termixed with  13.33  X  77.23=44.66  kilos. 
of  nitrogen. 

The  quantity  of  heat  generated  by  this 
combustion  amounts,  as  in  the  case  last 
mentioned,  to  24,730  calories,  but  of  these 
4718  calories  are  carried  away  with  the 
carbonic  oxide  which  has  been  formed, 
and  44.66  X  0.244X1400  =  15,260  calories 
with  the  nitrogen,  so  that  there  only  re- 
mains for  the  heating  of  the  bath  per  ton 
of  pig  iron  24,730— (4718+15,260)1=4752 


*  It  has  been  now  long  known  that  the  combustion  of  iron 
can  be  effected  by  means  of  carbonic  acid  and  that  this  faculty 
of  iron  to  reduce  carbonic  acid,  increases  with  the  degree  of 
heat;  but  Mr.  Bell,  in  his  paper  on  "  Chemical  Phenomena  of 
the  Iron  Smelting"  published  in  the  ''Journal  of  the  Iron  and 
Steel  Institute,  1871,"  has  also  shown  that  this  reaction  in- 
creases more  rapidly  with  the  elevation  of  temperature  than 
the  opposite  one,  or  the  reduction  of  oxidized  iron  by  carbonic 
oxide,  and  that  a  jet  of  carbonic  acid,  passed  over  iron  sponge 
at  about  400  deg.  was  so  completely  transformed  into  carbonic 
oxide,  that  after  contact  with  this  iron,  the  gas  consisted  of  96 
vol.  per  cent,  of  carbonic  oside  and  4  vol.  per  cent,  of  carbonie 
acid. 

t  Neither  in  this  nor  in  any  of  the  other  calculations  has 
any  account  been  taken  of  the  modification  caused  by  the  car- 
b  mic  oxide,  as  well  as  the  nitrogen,  having  a  greater  pressure 
in  the  Bessemer  furnace  than  in  the  surrounding  atmosphere. 
Instead  of  the  specific  heat  of  the  carbonic  oxide  and  the  nitro- 
gen at  constant  pressure  beiug  respectively  o  2479  and  0.2440, 
they  are,  at  constant  volumo,  0  2399  and  0.237.  and  the  quan- 
tities of  heat  carried  away  by  the  gases  would,  with  these' 
values  attached  to  their  specific  heat,  be 

•{  (23.33  X  0.2399  -  0.24)  )■  1400  -f  (44.667  \  0.237  X  1400)  =: 
4462  X  14.S28  -  19.290  calories.  Adopting  this  opposite  ex- 
treme, there  would  remain  for  heating  the  bath  per  ton  of  pig 
iron  24,730  -  19,290  =  5440  calories  Tor  every  per  cent,  of  car- 
bon oxidized  with  atmospheric  air. 
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calories  for  every  per  cent,  of  carbon  which 
has  been  oxidized  by  means  of  atmospheric 
air. 

3.  With  Steam. — To  convert  10  kilos,  of 
carbon  into  oarbonic  oxide  18.33  kilos,  of 
oxygen  are  required,  to  produce  Avhich  it 
will  take  15  kilos,  of  steam,  containing,  be- 
sides the  oxygen,  1.667  kilos,  of  hydrogen. 
To  decompose  this  quantity  of  steam  1.667 
X  29.638=49,407  calories  are  absorbed, 
and  if  the  hydrogen  entered  at  100  deg., 
and  passed  away  at  1400  deg.,  it  would  have 
deprived  the  bath  of  1.667X3.4X1300  = 
7367  calories,  so  that  the  total  consumption 
of  heat  amounts  to  40,407  4-7367  =  56,774 
calories. 

The  generation  of  heat,  on  the  other 
hand,  amounts  to  the  same  as  when  the 
carbon  is  oxidized  with  pure  oxygen,  or 
24,730-4718  =  20,012  calories,  to  which, 
in  this  case,  must  be  added,  however,  the 
quantity  of  heat  introduced  with  the  oxygen, 
consisting  of  13.33  X  0.218  X  100  ==  290 
calories,  so  that  the  total  generation  of  heat 
amounts  to  20,012  -4-  29  =  20,302  calories. 
The  quantity  of  heat  taken  away  from  the 
bath  for  every  per  cent,  of  carbon  per  ton 
of  pig  iron  oxidized  by  steam  would,  there- 
fore, amount  to  56.774  —  20,302  =  36,472 
calories. 

Were  it  practicable  to  estimate  correctly 
the  loss  in  specific  heat  sustained  by  the 
the  gases  in  consequence  of  their  condensa- 
tion, a  much  reduced  value  would,  no  doubt, 
be  arrived  at  for  the  decrease  of  heat  in 
question  when  narrow  funnel  apertures 
are  employed ;  but  a  comparison  with  the 
calculations  made  in  this  respect,  as  will  be 
shown  hereafter,  will  easily  indicate  that, 
even  if  the  specific  heat  of  hydrogen  were 
only  estimated  at  0.2356,  and  that  of  car- 
bonic oxide  at  0.2399,  the  combustion  of 
carbon  with  t  team  would  nevertheless  bring 
about  so  great  a  reduction  in  temperature 
that  the  iron  could  not  be  kept  in  a  liquid 
state  without  an  extraneous  accession  of 
heat. 

COMBUSTION    OF    SILICON". 

1.  With  Oxygen  Gas. — For  the  combus- 
tion of  10  kilos,  of  silicon,  or  1  per  cent,  of 
the  assumed  weight  of  pig  iron,  24:  21  = 
11.429  kilos,  of  oxygen  are  required. 

By  this  combustion  78,300*  calories  are 
produced,  but  a  portion  of  this  heat  is  con- 
sumed in  heating  the  silica  which  has  been 


*  The  calorimetric  effect  of  silicon  is, 
and  Hautefeuille  ("  Dingler's  Journal,' 
7,830  calories. 


according  to  Troost 
vol   194,    page    5o), 


formed  to  a  temperature  equal  to  that  of 
the  bath.  To  be  able  to  state  how  much 
heat  is  absorbed  for  this  purpose,  it  would 
be  necessary  to  know  the  difference  in 
specific  heat  between  silica  and  silicon ;  but 
until  this  difference  becomes  known  it  must 
suffice  to  assume  the  amount  of  heat  in 
question  to  be  equal  to  that  which  is  requir- 
ed to  raise  the  temperature  of  the  injected 
oxygen  gas  to  1,400  deg.,  or  11.429  X  0.218 
X  1,400  =  3,488  calories.  There  remains 
consequently  in  this  case,  per  ton  of  pig 
iron,  for  heating  the  bath,  the  enormous 
quantity  of  78,300— 3,488  =  74,812  calories 
for  every  per  cent,  of  silicon  oxidized  with 
pure  oxygen  gas. 

2.  With  Atmospheric  Air. — For  the 
combustion  of  10  kilos,  of  silicon  11.429 
kilos,  of  oxygen  are  required,  which  in  at- 
mospheric air  is  intermixed  with  11.429  X 
77  :  23  =  38.261  lbs.  of  nitrogen,  which  in 
escaping  deprives  the  bath  of  38.261  X 
0.244  X  M00  =  13,070  calories. 

During  this  combustion  there  are,  as  in 
the  foregoing  case,  74,812  calories  produced, 
and  for  every  per  cent,  of  silicon  oxidized 
with  atmospheric  air  the  amount  of  heat  in 
the  bath  is  consequently  increased,  per  ton 
of  pig  iron  employed,  by  74,812—13,070  = 
61,742  calories. 

3.  With  Steam. — To  the  amount  of  heat 
produced  by  the  oxidation  of  10  kilos,  of 
silicon,  say,  74,810  calories,  must  in  this 
case  be  added  the  heat  introduced  with  the 
oxygen  at  a  temperature  of  100  deg.,  which 
amounts  to  11.429  X  0.218  X  100  =  24.9 
calories.  The  total  generation  of  heat, 
therefore,  amounts  in  this  case  to  74,810-4- 
249  =  75,061  calories.  For  this  the  neces- 
sary quantity  of  oxygen,  is,  however,  first 
to  be  obtained  by  the  decomposition  of 
12.858  kilos,  of  steam,  which  contain  1.429 
kilos,  of  hydrogen,  and  to  effect  this  decom- 
position 1.429  kilos.  X  29,688  =  42,353 
calories  are  consumed,  besides  which  the 
hydrogen  escaping  from  the  bath  carries 
away  1.429  X  8-40  X  1,300  =  6,316  calo- 
ries. There  are  consequently  consumed  in 
all  42,358  -4-6,316  =  8,669  calories,  so  that 
for  heating  the  bath  there  remains  in  this 
case  per  ton  of  pig  iron  employed  75,061  — 
48,669  =  26,392  calories  for  every  per  cent, 
of  silicon  oxidized  with  steam. 

Even  assuming  the  higher  value  of  the 
specific  heat  of  hydrogen,  there  arises  con- 
sequently, in  this  case,  an  increase  of  tem- 
perature ;  but  it  is  very  remarkable,  how- 
,  ever,  that  this  only  takes  place  during  the 
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combustion  of  silicon,  for  the  oxidation  of 
iron,  and  especially  of  carbon,  by  means  of 
steam  produces,  on  the  contrary,  a  cooling 
effect.  By  this,  moreover,  is  also  explained 
the  circumstance  that  the  advantages  which 
at  times  seem  to  accrue  from  the  use  of 
steam  are  chiefly  experienced  at  the  com- 
mencement of  the  converting  process  of 
puddling. 

To  obtain  a  more  comprehensive  view,  we 
will  now  group  together,  in  one  table,  the 
conditions  of  heat  which  arise  during  the 
combustion,  with  atmospheric  air,  of  a  unit 
in  weight  of  the  principal  substances  pres- 
ent in  pig  iron,  viz.,  iron,  carbon,  and  silicon. 


With  reference  to  this  Table  it  should, 
however,  once  more  be  observed,  in  the 
first  place,  that  the  specific  heat  of  the  gases 
have  been  calculated  as  if  the  gases  had  al- 
ways had  the  opportunity  of  free  expansion, 
or,  in  other  words,  as  if  their  pressure  had 
been  equal  to  that  of  the  exterior  air,  and 
in  the  second  place,  that  no  account  has 
been  taken  of  the  heat  conducted  away  and 
radiated  by  the  walls  of  the  furnace  ;  also 
that  the  products  of  combustion  have  been 
assumed  to  pass  off  from  the  bath  at  the 
same  temperature  as  the  latter  was  consid- 
ered to  possess  at  the  commencement  of  the 
process,  viz.,  1,400  deg.  C. 


The  Oxidation  of  10  kilos,  of 

Iron 

Calories . 

Carbon 

Calories. 

Silicon 

kilos. 

12  42 

2.85 

9.57 

1520 
32li9 

12013 

4789 
7524 

k  ilos. 
57  90 
13  33 
44.66 

4718 
15260 

24730 

19978 
4752 

kilos. 

49.69 
11.43 
38.26 

3480 
13070 

78300 

( 6)  absorbed   by  the   slag 

Or  in  all 

Fur  healing  the  bath  there  consequpii*lv  rerr-'Mi.  >"""•  cwt. 
of  pig  iron  emploj^ed,  fo"  every  per  cen\  of  tf  e  re  pec- 

16553 
61742 

Messrs.  Jordan  and  Kupelweiser  assume, 
as  before  intimated,  the  caloric  effect  of 
manganese  to  be  the  same  as  that  of  iron, 
and  do  not,  therefore,  ascribe  to  the  man- 
ganese contained  in  Bessemer  pig  iron  any 
beneficial  influence  on  the  heating  process. 
In  as  far  as  the  temperature  depends  on 
the  composition  of  the  pig  iron,  they  con- 
sider, in  accordance  with  the  calculations 
here  imparted,  that  it  is  virtually  deter- 
mined by  the  proportion  of  silicon  present 
in  the  pig  iron  bath,  to  produce  a  sufficient 
degree  of  heat,  should  amount,  it  is  esti- 
mated, at  the  very  least,  to  1.25  per  cent. 

The  figures  presented  in  our  last  article 
appear  in  fact  to  make  it  clear  that  the 
charge  must  become  more  heated  the  more 
silicon  is  contained  in  the  pig  iron,  provided 
only  that  the  blast  is  strong  enough  to 
allow  the  process  to  be  completed  with  suf- 
ficient rapidity,  notwithstanding  the  pres- 
ence of  a  larger  proportion  of  silicon*  and 
also  that  the  bath  is  deep  enough  for  the 
complete  utilization  of  the  oxygen  in  the 
blast,   even  if  by  reason  of  the  increased 


*  See    ' 
page  107. 


Illustrated  Technical  Journal,"  Stockholm,  1871, 


proportion  of  its  silicon,  the  pig  iron  should 
have  become  less  disposed  to  absorb  oxy- 
gen, of  which  tendency  we  shall  have  more 
to  say  fui'ther  on.  But  even  admitting  this 
powerful  action  of  silicon  in  generating 
heat,  it  in  nowise  follows  as  a  necessary 
consequence  that  the  presence  of  manganese 
may  not  exercise  a  much  greater  influence 
on  the  generation  of  heat  in  the  Bessemer 
process  than  Messrs.  Jordan  and  Kupel- 
weiser have  assumed.  That  such  is  indeed 
the  case,  seems  to  be  demonstrated  by  the 
experience  acquired  at  one  or  two  Swedish 
Bessemer  works,  and,  as  a  proof  of  this,  it 
may  suffice  to  state,  that  at  one  of  the  said 
works,  where  the  pig  iron  usually  contains 
nearly  3  per  cent,  of  manganese,  but  only 
the  inconsiderable  proportion  of  0.7  per 
cent,  of  silicon,  the  charge  generally  seems 
to  have  a  higher  temperature  than  at  most 
Bessemer  establishments.  It  is  by  no  means 
to  be  inferred  from  this,  however,  that  the 
charges  at  the  works  in  question  might  not 
be  still  hotter  if  the  force  of  the  blast- 
apparatus  would  allow  of  a  greater  propor- 
tion of  silicon  in  the  pig  iron ;  but,  under 
all  circnmstances,  it  seems  to  follow  as  an 
undoubted  consequence,  that  in  this  respect 
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the  presence  in  the  Bessemer  pig  iron  of  a 
proportion  of  manganese  up  to  as  much 
as  3  per  cent,  must  be  very  desirable. 
Whether  this,  on  the  other  hand,  is  particu- 
larly advantageous,  as  regards  the  final 
result,  is  a  matter  which  cannot,  probably, 
be  so  unconditionally  affirmed  ;  for  a  Besse- 
mer pig  iron  holding  much  manganese, 
"will  sometimes  produce  a  steel  very  much 
impregnated  with  that  substance,  and  there 
are,  at  any  rate,  not  wanting  reasons  for 
supposing  that  steel,  as  well  as  iron,  holding 
a  considerable  proportion  of  manganese, 
will  be  more  sensible  to  concussion  than 
those  metals  more  free  from  manganese, 
and  that  the  presence  of  manganese  in- 
creases the  tendency  to  crack,  and  causes 
the  iron  to  act  with  a  greater  corrosion  on 
the  moulds.  Be  this  as  it  may,  however,  it 
is  a  fact  that  most  of  the  Swedish  blast 
furnace  charges  are  not  in  any  appreciable 
degree  impregnated  with  manganese ;  and 
at  such  places  where  the  Bessemer  process 
is  to  be  adapted  to  charges  so  impregnated, 
it  is  all  the  more  necessary,  in  order  to 
obtain  a  hot  charge,  that  the  blast  ap- 
paratus should  have  sufficient  force*  to 
enable  the  operator  to  employ  a  pig  iron 
rich  in  silicon. 

As  long  as  the  calorimetric  heating  effect 
of  manganese  remains  unknown,  it  is  plain 
that  it  cannot  be  stated,  in  exact  figures,  how 
much  heat  its  combustion  furnishes  to  the 
Bessemer  process ;  but  on  the  other  hand,  the 
amount  of  heat  available  for  the  bath  when 
a  pig  iron  free  of  manganese  is  treated 
according  to  the  said  process,  can  always 
be  easily  computed,  with  the  assistance  of 
the  calculations  shown  in  the  foregoing, 
provided  only  that  it  can  be  demonstrated 
what  quantity  of  each  particular  substance 
is  oxidized  in  the  process. 

Messrs.  Jordan  and  Kupelweiser  esti- 
mated these  quantities  in  a  normal  Besse- 
mer process  at  2  per  cent,  of  silicon,  4.25 
per  cent,  of  carbon,  and  8.75  per  cent,  of 
iron ;  but,  as  corresponding  more  closely 
with  the  condition  of  our  Swedish  manu- 
facture, I  will  assume  them  to  be 

1.00  per  cent,  silicon 
4.25  "  carbon 
6.00         "         iron 

There  would  in  this  case  be  available 
per  cent,  of  pig  iron  employed,  to  increase 


*  See  "  Illustrated  Technical  Jeurnal,"  Stockholm,  1S71, 
page  115. 


the  temperature  of  the    bath   during    this 

process  : 

1.00x6174.2=6174.2  calories 
4.25  x  475.2=2019.0      " 
6.00 X  722.4=4334.4      " 

Total, 12,528.2 

The  specific  heat  of  molten  iron  is  as 
yet  not  known,  but  as  in  the  case  of  molten 
pig  iron,  it  is  about  50  per  cent,  higher 
than  that  of  pig  iron  from  0  deg.  to  200 
deg.,  and  as  the  specific  heat  of  iron  at  the 
usual  degree  of  temperature  is  0.11,  the 
specific  heat  of  molten  iron  may  be  set 
down  at  about  0.16.  The  temperature  of 
the  bath  would  in  consequence  be  increased, 
during  the  process,  to  the  extent  of  12,528  : 
16=783  deg.,  and,  as  its  original  tempera- 
ture was  1,400  deg.,  the  final  temperature 
would,  in  that  case,  be  about  2,200  deg. 
As  no  metiod  has  hitherto  been  invented 
by  which  such  high  degrees  of  temperature 
as  those  just  mentioned  can  be  measured, 
it  is  obviously  impossible  to  know  for  cer- 
tain how  nearly  this  estimated  degree  of 
heat  coincides  with  the  real  fact ;  but  that 
the  figure  derived  from  the  said  calcula- 
tions cannot  be  far  from  the  truth  seems 
to  be  established  by  Kupelweiser' s  observa- 
tions on  the  fusibility  of  platina  in  moltt  n 
Bessemer  metal.  During  his  experiments 
at  Heft,  he  found  that  a  tolerably  thick 
piece  of  platina  wire,  inserted  in  the  jet  of 
soft  iron  running  out  from  the  Bessemer 
furnace,  was  fused  in  a  few  seconds,  but 
when  a  little  specular  iron  had  been  added 
to  the  ladle,  and  the  steel  had  been  run 
into  the  moulds,  a  platina  wire  inserted  in 
the  still  perfectly  liquid  metal  was  not 
fused  at  all.  As  the  degree  of  heat  re- 
quisite to  fuse  platina  is,  according  to  the 
investigations  of  Sainte  Claire  Deville, 
below  1,900  deg.,  it  would  appear  that  the 
temperature  of  2,200  deg.  assigned  to  the 
Bessemer  iron,  on  completion  of  procese, 
has  much  probability. 

In  the  foregoing  has  been  shown  what 
influence  is  exercised  by  the  composition  of 
the  pig  iron  on  the  amount  of  heat  gen- 
erated in  the  Bessemer  process,  but  the 
temperature  attained  is  not,  however,  ex- 
clusively dependent  on  this  and  on  the 
specific  heat  of  the  bath,  but  also  on  the 
time  required  for  the  combustion,  inasmuch 
as  the  loss  of  heat  by  external  cooling, 
must  be  greater  in  proportion  as  the  process 
is  protracted.  It  is,  therefore,  not  enough 
that  certain  percentages  of  the  substances 
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entering  into  the  composition  of  pig  iron 
undergo  combustion  during  the  process,  for 
unless  a  considerable  portion  of  the  heat 
generated  thereby  is  to  be  wasted,  the  com- 
bustion must,  besides,  be  effected  with  great 
rapidity ;  but  for  this  purpose  an  abundant 
supply  of  blast  is  necessary,  a  supply  which 
cannot  be  procured  except  by  a  powerful 
blast  apparatus.* 

The  degree  of  heat  imparted  to  the  walls 
of  the  furnace  before  the  introduction  of 
the  pig  iron  will  also  considerably  influence 
the  cooling  which  takes  place  through  radia- 
tion from  the  said  walls,  besides  which  it  is 
evident  that  the  amount  of  heat  lost  per 
weight  unit  of  pig  iron  through  the  walls, 
must  be  less  in  proportion  as  the  quantity 
of  pig  iron  under  treatment  is  increased  ; 
for,  if  the  furnaces  are  properly  constructed, 
the  surfaces  of  their  walls  will  not  be  aug- 
mented in  a  ratio  proportionate  to  the  space 
within,  from  which  it  follows  that  the  loss 
of  heat  will  be  comparatively  less  in  work- 
ing with  greater  charges. 

In  the  calculation  of  heat  hereinbefore 
specified,  no  account  has  been  taken  of  the 
cooling  through  the  walls  just  mentioned, 
and  as  this  cooling  cannot  be  entirely  pre- 
vented, even  with  the  best  heated  furnaces 
and  the  heaviest  charges,  and  the  greatest 
acceleration  of  the  process,  it  is  evident  that 
the  conclusions  as  to  temperature  mentioned 
above  must  be  a  little  too  high,  unless  the 
cooling  in  question  may  be  compensated  by 
the  circumstance  that,  on  the  other  hand, 
no  account  has  been  taken  of  the  rise  in 
temperature  which  must  be  caused  by  the 
gases  leaving  the  furnace  under  a  pressure 
depending  on  the  size  of  the  nozzle,  but 
more  or  less  exceeding  that  of  the  atmos- 
pheric air. 

When  gases  expand  it  is  known  that  they 
absorb  heat,  which  is  again  liberated  on 
their  being  condensed  in  a  corresponding 
degree.  It  is  evident,  therefore,  that  the 
higher  the  pressure  sustained  by  gases  on 
their  escape  from  a  furnace,  the  less  heat 
do  they  carry  away  with  them,  and  the 
higher,  consequently,  will  the  degree  of 
temperature  in  the  furnace  be,  other  condi- 
tions being  assumed  to  be  equal.  From 
this  it  follows  that  the  narrower  the  aper- 
ture is  for  escape  of  products  of  combustion 


*  Respecting  the  basis  of  calculation  of  the  force  required 
for  the  blast  of  the  Bessemer  furnace.  I  take  the  liberty  of  re- 
ferring to  my  article  in  the  "Illustrated  Technical  Journal," 
of  Stockholm,  cited  in  the  foregoing. 


from  a  Bessemer  furnace,  the  hotter  the 
charge  must  be,  provided  always  that  the 
blowing  apparatus  has  force  enough  to  1  e 
capable  of  pressing  in  the  same  quantity  i  f 
air,  notwithstanding  the  increased  resis'- 
ance,  so  that  the  process  is  not  retarded  by 
reason  of  the  contracted  aperture  of  the 
nozzle. 

As  already  stated,  no  account  has  been 
taken  in  the  foregoing  calculations  as  to 
heat,  of  the  rise  in  temperature  occasioned 
by  the  circumstance  just  adverted  to,  but 
owing  to  the  difficulty  of  determining  which 
of  the  figures  comprised  between  the  two 
extreme  limits  denoting  the  quantities  of 
specific  heat  (for  constant  pressure  and  con- 
stant volume)  may  be  the  correct  ones,  they 
have,  in  accordance  with  M.  Jordan,  sim- 
ply been  estimated  at  the  same  degrees  as 
if  the  gases,  in  escaping  from  the  Bessemer 
furnace,  had  only  tne  pressure  of  the  sur- 
rounding atmosphere.  What  component 
part  of  the  pig  iron,  the  calorific  action  of 
which  during  combustion  with  atmospheric 
air  has  the  least  justice  done  to  it  by  this 
estimate,  is  the  carbon,  inasmuch  as  the 
combustion  of  this  substance  produces  the 
greatest  quantity  of  gas  ;  but  in  order  to 
indicate  the  limits  within  which  the  error 
thus  committed  must  lie,  it  has  been  ex- 
plained in  a  foot  note  how  the  result  would 
turn  out  if  it  could  be  allowed  to  com- 
pute the  specific  quantities  of  heat  in  the 
gases  as  low  as  in  their  state  of  constant 
volume. 

The  calculations  of  heat  presented  in  the 
foregoing  are  based  on  the  assumption  that 
during  the  rising  of  the  atmospheric  air 
through  the  Bessemer  bath,  the  whole  of  its 
oxygen  is  completely  utilized,  so  that  only 
the  nitrogen  contained  in  the  blast,  but  no 
part  of  its  oxygen  escapes  from  the  bath  in 
a  free  form.  If,  on  the  other  hand,  the 
oxygen  should  not  be  completely  absorbed 
by  the  metal,  a  loss  of  heat  will  be  the  nat- 
ural consequence  ;  in  the  first  place  because 
the  generation  of  heat  in  a  certain  moment 
of  time  is  diminished  in  the  same  proportion 
as  the  utilization  of  oxygen  is  lessened,  or 
the  refining  process  retarded,  and  in  the 
second  place  because  the  free  oxygen,  just 
like  the  nitrogen,  absorbs  heat,  which  es- 
capes, without  profit,  with  the  oxygen  from 
the  furnace. 

The  waste  of  produce,  moreover,  will 
also  be  somewhat  increased  by  this,  be- 
cause the  gases  which  fill  the  furnace 
are,  in  this  case,  oxidized,  and  therefore,  in 
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their  turn,  oxidize  a  portion  of  the  iron  bub- 
bling at  the  surface,  partly  converting  it 
into  oxide  of  iron,  which  is  not  retained  in 
the  slag,  but  escapes  as  a  reddish-brown 
smoke  with  the  gases. 

If  the  air  is  forced  too  quickly  through 
the  bath  the  latter  will  not  have  time  to  ab- 
sorb the  whole  of  the  oxygen,  and  the  more 
or  less  complete  utilization  of  that  substance 
by  the  same  description  of  pig  iron  depends, 
in  consequence,  on  the  time  occupied  by  a 
particle  of  air  in  ascending  through  the 
bath. 

■  Again,  the  time  of  contact  between  the  me- 
tal and  the  blast  is  increased  with  the  depth  of 
the  bath,  but  decreases  with  the  pressure  of 
the  blast,  and  it  is  clear,  therefore,  that  al- 
ready, on  this  account,  the  depth  of  the  bath 
and  the  pressure  of  the  blast  must  be  made 
in  some  measure  to  correspond.  Further- 
more, it  is  hereby  made  equally  clear  that 
in  a  cupola  converter  with  vertical  tuyeres 
placed  at  the  bottom,  so  shallow  a  bath 
cannot  be  profitably  employed  as  will  be 
practicable  in  a  Bessemer  converter  with 
horizontal  tuyeres,  for  in  the  first-mentioned 
description  of  converter,  the  blast  goes  the 
nearest  way  straight  up  through  the  bath, 
while,  in  fixed  converters,  on  the  contrary, 
it  must  describe  a  curved  line  chiefly  depend- 
ing as  to  extent  on  the  pressure  of  the 
blast  and  the  depth  of  the  bath.  Even  in  a 
cupola  converter,  however,  the  depth  of  bath 
need  probably  not  require  to  be  increased  in 
full  proportion  to  the  blast  pressure,  for  the 
stronger  this  pressure  is,  or  the  harder  the 
blow  of  the  blast,  the  more  intimate  should 
the  contact  become  between  the  air  and  the 
particles  of  iron,  and  the  more  easily  would, 
therefore,  the  metal  be  enabled  to  absorb  or 
utilize  the  oxygen. 

The  absorption  of  oxygen  does  not  appear, 
however,  to  depend  exclusively  on  the  cir- 
cumstances hitherto  dwelt  upon,  but  just  as 
different  descriptions  of  pig  iron  at  their 
tapping  from  the  blast  furnace  already  show 
different  dispositions  for  being  oxidized, 
some  of  them  sparkling  or  burning  a  great 
deal  more  than  others,*  so  it  has,  in  like 
manner,  appeared  at  the  Swedish  Bessemer 
works,  as  if  Bessemer  pig  irons  of  different 


*The  difference  in  degree  of  temperature  of  the  pig  iron  ex- 
ercises, no  doubt,  in  this  respect  a  very  material  influence,  caus- 
ing the  warmer  of  two  otherwise  similar  descriptions  of  pig 
iron  to  burn  fiercer  than  the  cooler  of  the  two  ;  but  it  is  a 
known  fact,  that  even  if  the  temperature  is  the  same,  two  dif- 
ferent classes  of  pig  iron  may  exhibit  a  very  dissimilar  disposi- 
tion to  burn  or  throw  sparks  while  running  out  from  the  blast 
furnace. 


compositions  were  more  or  less  ready  to  ab- 
sorb oxygen ;  a  grey  pig  iron  seeming  to 
require  a  longer  period  of  contact  between 
the  particles  of  air  and  iron  and  a  stronger 
blast  pressure,  for  a  complete  absorption  of 
the  oxygen  of  the  blast,  than  a  less  grey 
or  white  iron.  It  is  therefore  necessary,  in 
order  completely  to  utilize  the  oxygen  of 
the  blast  to  increase  the  depth  of  the  bath 
in  proportion  to  the  quality  of  the  pig 
iron. 

In  the  contrary  case,  or  if  while  employing 
a  more  than  usually  grey  pig  iron,  the  depth 
of  the  bath  should  be  made  as  shallow  as 
could  possibly  be  compatible  with  the  ab- 
sorption of  the  oxygen  by  a  whiter,  or  No. 
3  pig  iron,  it  would,  in  most  cases,  happen 
during  the  first  so-called  refining  or  slag- 
forming  period,  that  the  before-mentioned 
reddish-brown  smoke  which  is  produced 
by  an  incomplete  utilization  of  the  oxy- 
gen, would  make  its  appearance,  accom- 
panied, moreover,  and  from  causes  explain- 
ed above,  by  a  decrease  of  heat  in  the 
process. 

Although,  under  usual  circumstances,  the 
silicon  is  mostly  oxidized  before  the  carbon, 
or  during  the  slag-formation  period,  while 
the  combustion  of  the  carbon  principally 
takes  place  during  the  boil  and  the  after- 
refining,  it  is  nevertheless  probable  that  the 
chief  cause  of  a  lessened  disposition  in  pig 
iron  to  absorb  oxygen,  will  be  found  in  the 
larger  proportion  of  silicon  which  it  con- 
tains. 

It  has  already  been  shown  in  the  forego- 
ing, that  the  richer  in  silicon  the  Bessemer 
pig  iron  is, the  hotter  will  the  charge  become , 
provided  that  the  greater  admixture  of  sili- 
con does  not  retard  the  process  too  much, 
nor  prevent  a  complete  utilization  of  the 
oxygen  of  the  blast.  But  in  order  that  these 
conditions  may  be  fulfilled,  it  is  again  evi- 
dent from  the  reasons  above  given,  that  the 
more  grey  and  the  more  rich  in  silicon  is  the 
pig  iron  to  be  operated  upon,  the  more 
abundant  must  the  supply  of  blast  be,  and 
in  consequence,  the  greater  is  the  force  re- 
quired ;  the  more  so  as  a  very  dark  and 
graphitic  pig  iron  usually  is  comparatively 
thick-flowing,  and,  consequently,  offers  great- 
er resistance  to  the  blast. 

One  foot  is  considered  about  the  ordinary 
depth  of  bath  for  the  Bessemer  vessel ;  less 
than  that  would  hardly  suffice  to  insure 
proper  success  when  making  use  of  a  mod- 
erately hard  pig  iron  free  from  manganese, 
and  a  pretty  considerable  blast  pressure. 
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Having  thus,  in  general  outline,  touched 
on  the  usual  circumstances  which  produce 
more  or  less  heat  in  the  charge  of  a  Besse- 
mer furnace,  we  will  now,  in  conclusion, 
endeavor  to  ascertain  also  what  influence, 
in  this  respect,  may  be  expected  from 
sundry  projects,  either  already  essayed  in 
some  place  or  another,  or  altogether  un- 
tried, to  obtain  sufficient  heat  in  the  Besse- 
mer process,  even  with  a  No.  3,  or  white 
pig  iron. 

As,  generally  speaking,  no  separate  fuel 
is  employed  in  the  Bessemer  process,  it 
readily  suggests  itself  to  try  the  use  of  such 
fuel  for  raising  the  temperature  in  this  pro- 
cess as  in  others.  With  this  view  experi- 
ments were  commenced  at  Neuberg  as  early 
as  the  year  1867,  to  inject  charcoal  dust 
with  the  blast ;  a  procedure  which  is  said 
to  have  been  afterwards  generally  continued 
at  that  place,  and  likewise  to  have  been 
tried,  at  least  at  intervals,  at  some  other 
Bessemer  works.  That  the  degree  of  heat 
will  be  somewhat  increased  hereby  is  natu- 
ral, but  it  is  equally  obvious,  that  if  the 
process  is  to  be  finished  off  with  the  same 
rapidity  when  charcoal  dust  is  being  inject- 
ed as  when  it  is  not,  the  supply  of  blast 
must  be  more  abundant  than  otherwise, 
inasmuch  as  part  of  the  air  is  consumed  for 
combustion  of  the  injected  charcoal.  The 
main  question  is,  however,  whether  the 
charcoal  employed  in  this  manner  is  utilized 
to  greater  or  less  advantage  than  if  it  were 
used  in  the  blast  furnace  to  produce  a  more 
grey  or  No.  1  pig  iron. 

As  has  been  already  shown,  the  com- 
bustion of  10  kilos,  of  the  carbon  of  the 
Bessemer  bath,  with  atmospheric  air,  pro- 
duces an  increase  in  heat  of  4,752  calories, 
but  the  injected  charcoal  dust  does  not 
possess  the  same  temperature  as  the  carbon 
contained  in  the  pig  iron ;  it  must  first  be 
heated  up  to  that  point  in  the  bath,  for 
which  purpose  2.4  X  1,400  =  3,860  calories 
are  consumed,  and  the  accession  of  heat  ob- 
tained by  combustion  of  10  kilos,  of  injected 
charcoal  dust  is  consequently  reduced  to 
4,752  —  3,360  =  1,392  calories,  which  would 
scarcely  suffice  to  raise  the  temperature  of 
1  ton  of  molten  iron  9  deg.  Were  the  ob- 
ject, therefore,  by  the  injection  of  charcoal 
dust,  to  make  up  for  the  heat  generated  by 
a  portion,  say,  0.5  per  cent,  of  silicon  con- 
tained in  the  pig  iron,  it  would  be  necessary, 
inasmuch  as  the  combustion  of  0.5  per  cent, 
of  silicon  increases  the  heat  of  the  Bessemer 
bath  by  61,742  X  0.5  =  30,871  calories,  to 


inject  30,871 :  1,392  =  222  lbs.  of  pure  car- 
bon, or  nearly  5  bbls.  of  charcoal  for  every 
ton  of  pig  iron. 

As,  moreover,  Professor  Kupelweiser  has 
made  the  observation  that  a  portion  of  the 
charcoal  dust  has  not,  in  point  of  fact,  the 
time  requisite  to  be  consumed  in  the  metal- 
lic bath,  but  that  its  combustion  is  first 
effected  outside  of  the  neck  of  the  retort,  it 
seems  to  be  clear  that  the  action  of  so  in- 
considerable a  charcoal  injection  as  it  is 
customary  to  make  at  Neuberg,  or  three  to 
five  per  cent,  of  the  weight  of  the  pig  iron, 
cannot  produce  any  very  appreciable  effect ; 
in  full  confirmation  of  which  Herr  Kupel- 
weiser has  also  stated  that  it  can  scarcely 
be  discerned  by  impartial  investigators.  It 
further  follows  from  this,  that  it  can  scarcely 
be  in  accordance  with  good  economy,  as 
long  as  cold  blast  is  used,  to  substitute  an 
injection  of  charcoal  dust  into  the  Bessemer 
furnace,  for  the  consumption  of  charcoal 
which  would  be  requisite  to  produce  in 
the  blast  furnace  a  pig  iron  sufficiently 
grey  to  obtain  by  it  a  high  degree  of 
heat  in  the  Bessemer  process,  especially 
as  such  can  be  produced  without  any 
additional  consumption  of  charcoal,  if  only 
the  stove  is  powerful  enough  to  supply 
the  blast  furnace  with  a  highly  heated 
blast. 

A  plan,  advocated  by  Messrs.  Styffe  and 
Tunner,  to  raise  the  temperature  in  the 
Bessemer  process,  is  to  employ  heated  blast, 
and  a  prize  of  1,000  florins  has  been  offered 
in  Austria  for  a  successful  realization  of  this 
idea. 

Having  regard  to  the  great  amount  of 
blast-power  required  for  the  Bessemer  pro- 
cess, and  to  the  considerable  quantity  of 
gases  which  in  a  highly-heated  state 
escapes  from  the  furnace,  it  is  not  difficult 
to  conceive  that  the  heating  of  the  blast 
ought  to  insure  material  advantages,  but 
for  this  purpose  it  is  necessary  that  the 
blowing  apparatus  shall  be  sufticientlypower- 
ful  to  be  able,  notwithstanding  the  attenua- 
tion of  the  air  caused  by  its  higher  tempera- 
ture, to  force  in  so  large  a  volume  of  it  that 
the  process  may  be  completed  with  the 
requisite  rapidity. 

If  the  additions  of  heat,  which  are  sup- 
plied to  the  Bessemer  bath  by  combustion 
with  atmospheric  air  at  different  degrees  of 
temperature  of  10  kilos,  of  iron,  carbon, 
and  silicon,  are  calculated  in  the  same  man- 
ner as  has  previously  been  done  with  un- 
heated  blast,  and  if  the   specific  heat  of 
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oxygen  is  assumed  to  be  0.218:2,  the  follow- 
ing- quantities  of  heat  will  result : 


Of  10 

Of  10        Of  10 

kilos. 

kilos,  of  kilos,  of 

of  iron. 

carbon,     silicon. 

Deg. 

temp. 

calories. 

calories. 

calories. 

With  blast  of 

0 

7224 

4752 

61742 

" 

100 

7520 

6133 

62925 

u 

200 

7816 

7514 

64100 

(C 

300 

8112 

8895 

65291 

(I 

400 

8408 

10276 

66474 

(t 

500 

8T04 

11657 

67657 

11 

600 

9j00 

13038 

68840 

The  greater  the  quantity  of  oxygen  re- 
quired for  the  combustion  of  any  given 
substance,  the  greater  will  naturally  be  the 
accession  of  heat  obtained  from  the  heating 
of  the  air  by  that  substance.  Consequently 
the  accession  of  heat  obtained,  by  heating 
the  blast,  is  comparatively  greater  from  the 
carbon  than  from  either  of  the  other  sub- 
stances. 

Let  us  now  see  what  accessions  of  heat 
would  be  produced  with  blasts  of  different 
temperatures  per  ton  of  Bessemer  pig  iron 
of  such  a  description  that  in  conversion 
there  would  be  oxidized  at  a  blast  tempera- 
ture— 


Of  0" 

calories. 

Of  100" 
calories. 

Of  200o- 
calories. 

Of  300" 
calories. 

Of  400- 
calories. 

Of  500« 
calories. 

Of  600° 
calories. 

1.00  per  cent,  of  silicon 

61742 
20196 
43344 

125232 

62925 
26065 
45120 

64108 
31934 
46896 

65291 
37804 

48672 

66474 
43673 
50448 

67657 
49542 
52224 

6*840 

4  25          "            carbon 

55411 

54000 

134110 

142938 

151767     1    160595 

169423 

17S251 

These  accessions  of  heat  would — if  the 
specific  heat  of  the  molten  iron  is  assumed 
to  be  0.16,  and  no  account  is  taken  of  the 
slag  which  had  been  formed — for  the  seve- 
ral degrees  of  temperature  of  the  blast 
correspond  to  the  following  increments  in 
the  temperature  of  the  bath  : 


783        838        894 


Decrees. 
948        1004 


1059 


1114 


It  is  clear,  therefore,  that  if  the  bath  of 
Bessemer  pig  iron,  in  order  to  attain  a 
sufficiently  high  degree  of  temperature, 
only  requires  the  accession  of  a  certain 
amount  of  heat,  it  is  possible  to  employ  in 
the  Bessemer  process,  without  detriment,  a 
pig  iron  less  grey  in  proportion  as  the  tem- 
perature Of  the  Bessemer  blast  is  raised. 
In  this  manner  it  is  easy  to  calculate  that, 
with  a  blast  heated  to  500  deg.,  there  should 
not  be  required  a  greater  proportion  than 
0.35  per  cent,  of  silicon  in  the  pig  iron,  to 
obtain  as  great  a  heat  during  the  process 
as  can  be  produced  with  a  pig  iron  contain- 
ing one  per  cent,  of  silicon  when  the  blast 
is  not  heated.  But,  as  has  been  stated 
above,  it  is  necessary  for  this  purpose  that 
the  blast  apparatus  should  be  so  powerful 
that  the  conversion  with  heated  blast  can  | 
proceed  as  rapidly  as  with  cold  ;  and,  if  to  I 
this  is  added,  first,  the  circumstance  that  I 
the  loss  of  heat  in  a  Bessemer  heating  ap-  I 
paratus  must  be  very  considerable  in  places 


where  the  intervals  between  the  blowings 
are  so  long,  as  is  usually  the  case  with  us 
in  Sweden,  and  then  and  principally  the 
increased  difficulty  which  undoubtedly  arises 
from  the  heating  of  the  blast,  to  keep  the 
tuyeres  in  proper  order,  it  may  perhaps 
still  be  a  question  whether  it  will  not  be 
cheaper,  when  the  injection  of  charcoal  dust 
is  not  simultaneously  resorted  to,  to  procure, 
with  the  assistance  of  powerful  heating  ap- 
paratus for  the  blast  furnace,  and  without 
extra  consumption  of  charcoal,*  a  sufficient- 
ly grey,  or  No.  1  pig  iron,  to  be  able  to  dis- 
pense with  the  Bessemer  blast  heating  ap- 
paratus altogether. 

If,  on  the  other  hand,  the  Bessemer  hot 
blast  can,  in  some  way,  and  without  the  too 
rapid  destruction  of  the  tuyeres,  be  com- 
bined with  the  injection  of  charcoal  dust, 
its  action  ought,  as  was  first  pointed  out  by 
Kupelweiser,  to  be  very  powerful,  and  it 
would  even  appear  as  if  in  that  case  a  pig 
iron,  almost  as  poor  in  silicon  as  that  used 
for  refining  in  the  charcoal  hearth  process, 
might  be  employed  with  advantage  in  the 
Bessemer  process.  For  10  kilos,  of  char- 
coal burnt  in  air  heated  to  500  deg.,  would 
increase  the  heat  of  the  Bessemer  bath  by 
11,657  calories,  while  3,360  calories  would 
be  required  to  heat  the  charcoal  from  0  deg. 


*  See  the 
p.  268. 


'Annals  of  the  Iron  Office,"  Stockholm,  1871, 
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to  the  initial  temperature  of  the  bath,  and 
the  accession  of  heat  produced  by  10  kilos. 
of  charcoal  would  therefore,  in  this  case, 
amount  to  11,657-3,360  =  8,297  calories. 
The  quantity  of  heat  infused  into  the  Bes- 
semer bath  by  the  combustion  of  0.5  per 
cent,  of  silicon  with  cold  air,  might,  there- 
fore, when  the  blast  is  heated  to  500  deg., 
be  indemnified  by  the  injection  0.5  X 
61,742:  8,297  =  37  kilos,  carbon,  or  about 
0.7  of  a  barrel  of  charcoal  per  ton  of  pig 
iron. 

To  arrive  at  a  correct  estimate  of  the 
effect  produced  by  the  Bessemer  hot  blast  in 
combination  with  the  injection  of  charcoal 
dust,  it  should  be  observed,  in  conclusion, 
that  in  the  calculation  last  made  no  account 
has  been  taken  of  the  influence  which  the 
heating  of  the  blast  to  500  deg.  in  itself 
exercises  on  the  temperature  of  the  bath  ; 
but  about  this  something  had  been  said 
previously. 

Another  method  of  raising  the  temperature 
in  the  Bessemer  process  would  be  to  inject 
oxygen  gas,  but  in  regard  to  this  the  ques- 
tion arises,  whether  such  gas  can  be  pro- 
cured at  so  low  a  cost  that  its  use  would 
bring  any  advantage,  and  in  order  to  esti- 
mate this,  we  will,  in  the  first  instance, 
examine  how  great  the  accession  of  heat  to 
the  bath  would  be  if  the  conversion  were 
effected  with  pure  oxygen  : 


calories 

"|    in  combustion    f 

in  t  •!        .,•         I       with  unnix-    ' 
10  kilos  silicon  , 

ed    oxy  en. 

increa  es  the    i 

heat   ot   the 

bath  with 


1-0V«,74812=74?-!? 


42.5 
60.0 


carbon  V      ."'"    ""-v   ?£'   ■{    4.25^20012=855 

*       pi  tlie    1 


iron  I 
j 
J 


I 


222821 


The  amount  of  heat  generated  by  the 
oxidation  of  the  above  assumed  quantities 
of  silicon,  carbon,  and  iron,  would  therefore 
be  sufficient  to  raise  the  temperature  of  the 
bath  nearly  1,400  deg.,  and  even  if  all  the 
heat  proceeding  from  the  silicon  were  de- 
ducted the  bath  ought  consequently,  when 
converted  with  oxygen,  to  be  100  deg.  hotter 
than  has  been  considered  necessary  for  an 
average  temperature  of  the  process.  The 
use  of  unmixed  oxygen,  however,  could 
hardly  come  into  question,  but  if  employed, 
it  would  probably  be  in  an  admixture  with 
atmospheric  air,  and  if  in  order  to  ascertain 
the  value  of  oxygen  in  this  respect,  it  is 
desirable  to  investigate,  for  instance,  how 
much  extra  oxygen  would  have  to  be  mixed 
with  the  air  to  produce  the  same  increase 
of  temperature  in  the  refining  of  the  pig 


iron  above  treated  of  as  would  result,  with- 
out an  extra  admixture  of  oxygen,  by  heat- 
ing the  atmospheric  air  to  500  deg.,  it  will 
be  found  that  for  this  purpose  the  air  must 
be  mixed  with  barely  19  per  cent,  of  its 
weight,  or  17.3  per  cent,  of  its  volume  of 
oxygen.  The  nitrogen  present  in  unmixed 
atmospheric  air  takes  away  from  the  bath, 
for  every  ton  of  pig  iron,  222,821  —  125,282 
=97,539  calories,  which  loss  of  heat,  if  the 
temperature  of  the  bath  is  to  be  the  same 
as  when  a  blast  heated*500  deg.  is  employ- 
ed, must  be  brought  down  to  222,821  — 
169,423  =  53,398  calories.  But  in  order 
to  make  this  possible  the  quantity  of  nitro- 
gen per  ton  of  pig  iron  must  not  exceed 
53,398 :  (0.244  X  1,400)  =  156.32  kilos., 
which  is  contained,  together  with  46.68 
kilos,  of  oxygen,  in  202.9  kilos,  or  2,536 
cubic  feet  of  atmospheric  air,  while  for  the 
said  purpose  are  required  370.6  kilos,  or 
4,630  cubic  feet  of  unmixed  air  at  0.  deg.  tem- 
perature and  a  medium  barometric  pressure, 
to  which  the  quantities  of  air  and  oxygen 
are  here  always  reduced.  To  oxidize  the 
stated  proportions,  per  ton  of  pig  iron,  of 
the  several  constituents  of  the  pig  iron,  re- 
quires in  all  85.24  kilos,  of  oxygen,  of  which 
consequently  in  the  case  before  us  85.24 — 
46.68  =  38.56  kilos.,  or  440  cubic  feet,  per 
ton  of  pig  iron,  must  be  intermixed  with  the 
atmospheric  air. 

That  an  entire  or  partial  exchange  of  the 
Bessemer  blast  for  steam  would  not  be 
attended  by  a  higher,  but  on  the  contrary 
by  a  considerably  lower  temperature  than 
when  air  alone  is  employed,  can  be  easily 
gathered  from  the  calculations  presented  at 
the  beginning  of  this  memoire,  inasmuch 
as  they  show  that  in  Bessemer  refining  with 
steam  it  is  only  the  silicon  that,  in  being 
oxidized,  affords  any  accession  of  heat, 
while  the  oxidation,  as  well  of  the  iron,  as 
especially  of  the  carbon,  on  the  other  hand, 
are  attended  with  a  positive  lowering  of  the 
temperature.  As  the  silicon  is  chiefly 
oxidized  during  the  commencement  of  the 
process,  it  is  only  at  that  stage,  or  during 
the  refining  period,  that  there  should  ever 
be  any  question  of  injecting  steam,  and  the 
object  of  so  doing  would  in  that  case  be  to 
eliminate  sulphur  in  some  degree ;  but  even 
at  this  stage  the  introduction  of  steam  will 
produce  a  less  elevation  of  temperature  than 
would  have  been  attained  by  the  injection 
of  a  corresponding  quantity  of  air. 

It  has  also  been  proposed  to  inject,  through 
concentric  double  tuyeres,  air  and  hydrogen, 
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to  form  water  by  combustion,  and  thus  pro- 
duce an  increase  of  temperature.  But  the 
water  which  is  formed  in  this  way  would, 
in  ascending  through  the  bath,  be  again 
decomposed,  and  thereby  absorb  just  as 
much  heat  as  was  engendered  by  its  forma- 
tion. The  consequence  of  such  an  arrange- 
ment could,  therefore,  hardly  be  any  other 
than  a  cooling  proportionate  to  the  injec- 


tion of  hydrogen,  for  no  heat  can  very  well 
be  generated  by  the  hydrogen  in  such  a 
manner.  In  fact,  the  latter  will  in  this 
case  rather  compare  with  nitrogen,  and  will, 
like  that  gas,  while  rising  through  the  bath, 
absorb  heat  and  then  carry  it  away  from 
the  furnace,  while  on  the  other  hand  the 
only  heat  engendered  would  have  been 
produced  by  the  injection  of  air  alone. 


ON  THE  CONVERSION  OF  LIME  INTO  CEMENT  BY  THE  SELENI- 
TIC METHOD,  AND  THE  ECONOMY  AND  OTHER  ADVANTAGES 
OF  THE  PROCESS  * 


Professor  Abel,  in  his  official  report  on 
the  scientific  inventions  exhibited  in  the 
International  Exhibition  of  1871,  remarks  : 
"  There  are  few  scientific  inventions  now 
exhibited  which  give  promise  of  becoming 
of  greater  practical  importance  than  that  of 
the  so-called  '  Selenitic  Mortar,'  for  which 
we  are  indebted  to  Major-Gen.  H.  Y.  D. 
Scott,  C.  B.,  and  which  is  the  latest  and 
decidedly  the  most  useful  of  the  numerous 
results  obtained  by  that  officer  in  the  course 
of  the  valuable  researches,  both  scientific 
and  practical,  which  he  has  carried  on  for 
many  years  past  on  the  nature,  productions, 
and  applications  of  cements  and  hydraulic 
limes." 

It  was  observed  by  Sir  C.  Pasley,  in  his 
valuable  treatise  on  limes  and  cements, 
that  he  had  "  no  doubt  but  that  the  blue 
lias  lime  would  unite  stones  together 
nearly  as  powerfully  as  the  best  cements 
are  capable  of  doing,  if  it  did  not  swell  in 
all  directions  when  the  attempt  is  made  to 
combine  the  two  processes  of  slaking  and 
setting,  which  take  place  simultaneously  in 
cements,  without  increase  of  bulk,  and  con- 
sequently without  forcing  them  to  split  or 
detach  themselves  from  stones  or  bricks." 
The  invention  of  the  selenitic  method  en- 
ables the  processes  of  slaking  and  setting 
to  be  combined  without  the  ill  consequences 
to  which  General  Pasley  alludes.  By  a 
very  simple  and  economical  expedient  the 
tendency  of  hydraulic  limes  to  swell  and 
split  on  being  mixed  with  water  is  complete- 
ly brought  under  control,  and  in  many  of 
their  applications  their  mortars  are  made  to 
exhibit  greater  cohesive  and  adhesive  force 
than  is  met  with  in  the   strongest  cements. 


*  From   a  paper  read  before  the  British  Association    by 
Gen.  H.  Y.  D.  Scott. 


"  General  Scott,"  says  Professor  Abel,  in 
the  report  already  quoted,  "  was  the  first 
to  observe,  about  sixteen  years  ago,  that  a 
limestone  which  does  not  possess  to  any  use- 
ful extent ,  if  at  all,  the  characters  essential 
to  its  conversion  by  burning  into  a  hy- 
draulic lime,  may  be  made  to  furnish  a 
good  cement  by  simply  allowing  a  small 
proportion  of  sulphurous  acid  gas  (obtained 
by  burning  sulphur,  or  other  well-known 
methods)  to  pass  into  the  kiln  during  the 
burning  of  the  lime.  The  latter  when  sub- 
jected to  this  slight  modification  of  the  or- 
dinary kiln  treatment,  instead  of  slaking, 
or  combining  rapidly  with  water,  with  con- 
siderable evolution  of  heat,  undergoes 
only  gradual  hydration,  unattended  by  any 
important  elevation  of  temperature,  and 
sets  or  hardens  after  a  time,  behaving,  in 
fact,  in  every  way  like  a  cement  of  good 
quality,  and  sometimes  equalling  Portland 
cement  in  strength.  The  production  of  the 
so-called  Scott's  cement  by  this  simple 
modification  of  the  lime-burning  process, 
has  been  carried  to  some  extent  for  a  num- 
ber of  years,  and  a  medal  was  awarded  to 
Colonel  Scott  in  1862  for  its  invention;  but 
some  practical  difficulties  attended  the  pro- 
duction of  uniform  results,  and  these  ap- 
pear to  have  retarded  any  very  considerable 
adoption  of  this  method  of  manufacturing 
cement."  It  was  found  that  in  lime  so 
treated  a  small  proportion  of  calcium  sul- 
phate, seldom  exceeding  5  per  cent.,  and 
frequently  below  that  proportion,  was 
formed  ;  and  that  an  admixture  of  a  corre- 
sponding quantity  of  a  soluble  sulphate,  or 
of  sulphuric  acid,  with  the  lime,  yielded 
similar  results  ;  "  but  the  difficulty  of 
securing  uniformity  in  the  influence  exerted 
by  the  sulphate  upon  the  lime  when  em- 
ployed in  this  manner  upon  a  scale  of  ac- 
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tual  practice,  precluded  the  attainment  of 
successful  practical  results.  "By  a  most 
simple  modification,"  Professor  Abel  con- 
tinues, "in  the  mode  of  applying  them, 
General  Scott  has  now  brought  the  peculiar 
influence  which  sulphuric  acid,  or  a  sul- 
phate, exerts  in  preventing  the  heating 
and  promoting  the  setting  and  hardening 
of  lime,  to  bear  with  perfect  success  and 
uniformity  upon  lime  of  the  ordinary  kind 
used  for  mortar  and  plastering  purposes. 
The  sulphuric  acid  or  sulphate  (which  may 
be  called  the  selenitizing  agent)  is  first  mixed 
with  the  water  to  be  used  in  making  the 
plaster  or  mortar,  in  the  proportion  corre- 
sponding to  about  5  per  cent,  of  calcium 
sulphate  upon  the  lime  used."  The  lime  is 
then  added,  and  these  ingredients  are  tritu- 
rated together  until  they  form  a  creamy 
paste,  after  which  the  paste  is  mixed  with 
the  requisite  proportion  of  sand  for  the 
production  of  the  quality  of  mortar  re- 
quired. 

The  invention  is  applicable  to  a  variety 
of  uses,  but  chiefly  to  the  production  of 
mortar  for  ordinary  building  purposes,  to 
plaster  work,  and  to  making  concrete.  It  is 
also  adapted  to  brick  making,  and  the 
preparation  of  building  blocks  of  any  size 
and  in  any  ornamental  form.  The  Messrs. 
Bodmer  have  succeeded  in  producing  with 


it  bricks  that  are  almost  as  hard  as  marble, 
and  have  faces  of  great  beauty  of  texture 
and  color.  According  to  the  proportion  of 
sand  employed  in  the  mixture,  either  a 
very  smooth  surface,  or  one  resembling  that 
of  a  granulous  freestone,  but  very  much 
harder,  can  be  obtained.  The  Scott's 
cement  and  the  selenitic  mortar  have  been 
tested  in  a  variety  of  ways,  and  by  differ- 
ent persons,  as  to  their  powers  of  resisting 
crushing  forces  and  tensile  strains,  and  in 
all  cases  the  results  have  been  highly  satis- 
factory. Amongst  those  who  have  experi- 
mented with  it  are  Major  Schaw,  Professor 
of  Fortification  at  the  Staff  College ;  the 
late  Capt.  Fowke,  E.  E.;  Col.  Gallwey, 
Commandant  of  the  Military  School  of 
Engineering  at  Chatham  ;  Col.  Graham,  V. 
C;  Mr.  A.  W.  Colling,  Clerk  of  Works  at 
the  New  Law  Courts,  for  Mr.  Street,  E.  A.; 
ank  the  Messrs.  Lucas  Brothers.  The  ma- 
terial has  also  been  made  the  subject  of 
careful  experiment  by  Mr.  David  Kirkaldy, 
at  his  testing  works  in  Southwark. 

Major  Schaw  assigned  to  plasters  of  the 
following  lines  and  cements,  after  three 
years'  exposure,  the  relative  resistances 
given  in  Table  I.  The  trials  were  made 
by  breaking  the  plaster  with  blows  of  a 
hammer  and  by  scratching  with  a  sharp 
tool. 


Table  I. 


cement. 

Nature 

of  mortar. 

Name  of  lime  or 

Fori 

measure 

of  lime  or  cement. 

1  Sand. 

2 

Sand. 

3  Sand. 

4.5 

6.5 

9  0 

10.0 

10  0 

10.0 

4.0 
4  5 
7  0 
7.5 

8"5 

2  5 
4  5 

Scott's  cement,  prepared   from    Hailing 
"                prepared  from  lias  lime' 

K 

7.0 
6  2 

8.0 

Three  months  old  only. 


In  experiments  made  at  Newhaven  in 
comparison  with  Has  lime,  Colonel  Graham 
found  the  relative  strength  of  the  Scott's 
cement  and  this  lime,  with  the  same 
proportion  of  sand,  to  be  as  three  to 
one  when  subject  to  a  tearing  force, 
and  as  five  to  one  to  a  crushing  force. 
Colonel  Gallwey's  experiments  at  Ports- 
mouth, where  the  material  has  been  largely 


used  in  the  new  fortifications,  were  equally 
conclusive  as  to  the  advantages  in  economy 
and  strength  which  were  gained  by  the  use 
of  Scott's  cement.  A  series  of  experiments 
were  mft.de  at  the  New  Law  Courts  by  the 
clerk  of  the  works,  Mr.  A.  W.  Colling  (Mr. 
Street,  E.  A.,  architect),  on  Hailing  grey 
lime  and  the  lias  lime  from  Barrow-on- 
Soar,  to  test  this  system,  and  the  results 
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given  in  the  following  table  were  obtained.  One  month  was  allowed  for  setting.  In 
The  resistances  were  arrived  at  by  pulling  I  every  case  the  mortar  was  made  in  a  mill, 
asunder  two  bricks  united  crossways  so  as  and  three  samples  of  each  material  were 
to  give  a  joint  having  an  area  of  18^  in.  '  tested. 

Table  II. 


Material  and  mode  of  preparation. 

Measures  of  sand 

to  one  measure 

of  lime 

Mean 

resistances 

in  lbs. 

3 
6 
3 
5 
6 

112 

2; '9% 

it                    it                    11                   it 

125 

283K 

196 

In  this  series  of  experiments,  therefore, 
the  selenitic  method  of  preparation,  with  a 
double  proportion  of  sand,  gave  nearly 
double  the  resistances  attained  in  the  or- 
dinary mode  of  using  lime.  The  experi- 
ments of  Mr.  David  Kirkaldy  are,  if  pos- 
sible, still  more  conclusive,  for,  having  been 
conducted  by  that  gentleman  with  the  ac- 
curacy and  care  for  which  he  has  rendered 
himself  eminent,  they  are  beyond  dis- 
pute. 


The  trials  were  made  on  blocks  of  mortar 
having  a  base  area  of  7.84  sq.  in.,  with 
bricks  bedded  together  crossways  and  pulled 
apart ;  and  with  blocks  having  a  sectional 
area  of  5  sq.  in.,  somewhat  similar  in  form 
to  those  employed  by  Mr.  Grant  in  testing 
the  strength  of  Portland  cement.  The  first 
was  used  to  ascertain  the  resistance  to 
crushing  ;  the  two  last  that  to  tensile  strain. 
The  lime  used  was  from  the  Burham  pit  of 
Messrs.  Lee,  of  Holling. 


Table  III. 


Parts    of 

sand 
to  1  of 

lime, 
average. 

Resistances  in  lbs.  per  square  inch. 

Nature    of   Material. 

Thrusting 
stress. 

Pulling    stress. 

Bedded 
Bricks. 

Blocks. 

Selenitic  mortar  "gauged".    ..         

Selenitic  mortar  "pressed"'  with  trowel  and  "  gauged"  with 

3 
5 

i 

5 

121  7 
281.5 

629.6 

7.67 
16  65 

23  6 
63.6 

83.0 

The  superior  adhesion  of  selenitic  mortar 
to  smooth  surfaces  was  markedly  shown  in 
experiments  made  in  comparison  with  Port- 
land cement  by  bedding  two  flooring  tiles 
crossways.  After  14  days  being  allowed 
for  setting,  the  average  resistance  of  the 
Portland  cement  mixed  with  two  parts  sand 
to  one  of  cement  was  56  lbs.,  the  cement  in 
most  cases  completely  leaving  one  of  the 
tiles.  On  the  other  hand  the  selenitic  mor- 
tar gauged  with  five  parts  of  sand  to  one 
of  lime,  when  similarly  tested,  always  broke 
through  the  joint,  and  resisted  fracturing 
until  weighted  with  158  lbs.       This  is  not 


the  only  application  in  which  selenitic  mor- 
tar shows  a  superiority  to  Portland  cement. 
Selenitic  mortar  in   ordinary  dry  brick- 
work, with  four  or  rive  parts  of  sand  and 
upwards,  will   give    greater  strength  than 
Portland   cement  used  under  similar  con- 
ditions.     This  will  appear  from  the  follow- 
j  ing  table,  which  indicates  the  resistances  in 
pounds  to  a  longitudinal  or  transverse  strain. 
The  experiments  were  made  by  Mr.  Gilbert 
Redgrave,  A.  I.  C.  E.      The  has  lime  em- 
ployed for   the  selenitic   mortar   was  that 
!  from  Barrow-on-Soar,  and   the   grey  lime 
■  was  from  the  Burham  pit  of  Messrs.  Lee. 
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The  whole  of  the  samples  were  prepared  by    has  had  many   years'   practice   in  experi- 
Mr.  Hartley,    late   Boyal   Engineers,  who  I  menting  on  the  resistances  of  mortars. 

Table  IV. 


Nature  of  material. 

Aire  in 
days  when 
fractured. 

Parts  of  sand  to  1  of  cement  or  lime. 

Nature  of  trial. 

3  Sand. 

4  Sand. 

5  Sand. 

6  Sand. 

Portland  cement 

Barrow  seleni'  ic 

28 
28 
28 
35 
35 
35 

541 

484 

435 
4_4 

463 
418 
454 
520 
539 
430 

325 
399 
368 
433 
438 
490 

313 
31)9 
408 
309 
430 
556 

1 

I  Bricks    bedded      cross - 
f      ways,    area    of    joint 
being  20  in. 

J 

Burliam         "       

Portland   cement 

B  irrovv   selenitic 

Burham         "       

Portland    cement 

209 
131 

203 
230 

668 

476 
680 
740 
806 

344 
464 
776 
722 

190.5 
470 
6  8 
876* 

,  Prisms  2  in.  square  in 
/      section,      loaded     at 
>      centre,    distance   be- 
V      tween  points  of  sup- 
/      port  3  in. 

Barrow  selenitic 

Barham         "       

Portland  cement 

Burham  selenitic 

167 
161 

165 
234 

255 

206 
310 

149 
170 

113.5 

250 
210 

^  Briquettes  2\  in.  square 
f      in   ^ec!ion    at    neck, 

t      subject      to      longi- 

U                       (I 

j      tudinal  strain. 

*  Not  broken. 

In  the  same  series  of  experiments  that  J  similar  to  those  obtained  at  the  New  Law 
the  above  table  is  compiled  from,  a  compari-  i  Conrts  and  by  Kirkaldy.  Mortar  joints  of 
son  was  made  between  the  resistances  of  limes  !  20  sq.  in.  area,  between  bricks  bedded 
treated  in  the  ordinary  manner  and  the  |  transversely,  were  fractured,  after  28  days, 
same  limes  seleniticized,  with  results  very  J  with  the  following  weights  acting  by  tension. 

Table    V. 


Nature  of  lime. 


Birrow  lime  In  ordinary  mortar.. 

Birrow  lime  seleniticized 

White  chalk  lime,  ordinary  mortar 

White  chalk  selenitic  zed   

Burham  gray  lim«,  ordinary 

Burhain  gray  lime,  seleniticized.. 


Parts  of  sand 

Eesi 

stance  in 

to    1    of    lime. 

lbs. 

3 

183 

6 

399 

3 

93 

6 

2  8 



not 

tested. 

6 

408 

The  results  given  in  the  foregoing  tables, 
obtained  as  they  were  by  different  experi- 
menters, at  different  times  and  with  differ- 
ent supplies  of  lime  for  each  set  of  trials, 
demonstrate  conclusively  the  great  acces- 
sion of  strength  which  is  conferred  on  lime 
mortars  by  the  selenitic  mode  of  prepara- 
tion, whether  exposed  to  a  thrusting  or  a 
pulling  force,  and  the  results  of  practice 
confirm  those  of  experiment.  In  the  case 
of  an  arch  in  a  wall  at  the  South  Kensing- 
ton Museum,  built  by  Captain  Fowke  in 
Scott's  cement  with  four  parts  sand,  which 
Vol.  VIL— No.  5—35 


had  to  be  destroyed,  the  great  resistance  of 
the  mortar  was  made  apparent.  The  wall 
was  1  ft.  6  in.  thick,  and  in  making  altera- 
tions one-half  of  the  arch  had  been  cut 
away,  and  at  the  other  half  the  brickwork 
had  been  cut  through  at  the  ske whack,  so 
as  to  leave  a  depth  of  8  ft.  3  in.  to  support 
the  weight  of  the  half  arch  and  of  the  load 
put  upon  it.  The  beam  thus  formed  was 
then  loaded  at  the  extremity  at  a  distance 
of  6  ft.  8  in.  from  the  point  of  support,  and 
it  required  as  much  as  1  ton  8  cwt.  acting 
with  this  leverage  to  fracture  it. 
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An  important  feature  in  connection  with 
the  selenitic  method  is  the  fact  that  the 
best  limes  for  the  purpose  are  those  which, 
forming  the  boundary  between  limes  and  ' 
cements,  are  with  difficulty  used  as  either. 
This  difficulty  arises  from  the  inequality  in 
the  relative  proportions  of  lime  and  clay  in 
the  different  layers  of  the  material.  Por- 
tions of  them,  if  used  as  lime,  will  not  fall 
to  powder  on  the  attempt  being  made  to 
slake  them,  unless  the  process  is  conducted 
with  exceeding  care,  and  such  refractory 
portions  are  liable  to  slake  and  swell  after 
they  have  been  introduced  into  the  work. 
If,  again,  the  attempt  be  made  to  use  them 
as  cements  by  grinding  them  to  powder, 
and  then  making  them  into  mortar  in  the 
ordinary  way,  the  expansion  in  setting  is 
too  great  to  enable  the  mortar  to  be  used 
with  safety.  Nevertheless,  these  limes 
have  the  hydraulic  or  water-setting  proper- 
ties in  the  highest  degree,  and  it  is  of  con- 
siderable importance  both  to  the  engineer 
or  architect  and  the  manufacturer,  that  they 
should  be  utilized.  As  examples  of  such 
limes,  those  prepared  from  the  so-called 
"  soap"  beds  of  the  lower  chalk,  and  the 
"  good-for-nothing "  beds  of  the  has  at 
Barrow-on-Soar,  may  be  instanced. 

Ample  proof  has  now  been  given  that  in 
the  process  described  in  this  paper  there  is 
an  action  which  is  worth  the  investigation 
of  engineers  and  chemists.  The  writer  of 
the  paper  has  come  to  the  conclusion  that 
the  loss  by  the  lime  of  its  chemical  avidity 
for  water  is  due  to  what  is  termed  contact 
action. 

We  have,  in  mortar  made  by  this  pro- 


cess, lime  undergoing  a  chemical  change 
in  the  presence  of  sulphuric  acid ;  as  a 
nascent  hydrate  it  prefers  taking  the  sul- 
phuric acid  into  combination  as  well  as 
water,  and  the  union  of  the  three  takes 
place  Avith  the  generation  of  less  heat  than 
in  the  combination  of  lime  and  water  alone. 
There  is  a  somewhat  analogous  case  in  the 
union  of  silex,  lime,  and  water,  which  com- 
bine with  far  less  avidity  than  when  the 
silex  is  absent.  In  the  selenitic  mortar,  in 
fact,  each  particle  of  lime  sets  as  a  particle 
of  plaster  of  paris,  and  then  yields  up  its 
sulphuric  acid  to  another  nascent  particle  of 
hydrate  of  lime,  and  thus  the  so-called 
selenitic  action  is  transmitted  through  the 
whole  mass  of  mortar. 

It  may  be  cited  in  proof  of  this  view 
that — (1)  The  presence  of  water  is  neces- 
sary to  carry  forward  the  influence  exerted, 
whatever  that  influence  may  be.  In  moist 
air,  lime,  however  intimately  mixed  with 
sulphate  of  lime,  will  slake  just  like  or- 
dinary lime.  (2)  If  an  imperfect  mixture 
be  made  in  water,  of  lime  and  sulphate  of 
lime,  the  selenitic  influence  can  be  clearly 
seen  to  radiate  from  the  scattered  particles 
of  sulphate  as  so  many  centres. 

The  greatly  increased  resistance  imparted 
to  mortars  by  the  selenitic  treatment,  as 
compared  with  that  which  they  exhibit 
when  the  lime  is  first  slaked,  is  probably  in 
great  measure,  if  not  wholly,  due  to  the 
great  density  of  the  selenitic  compound.  In 
the  act  of  slaking,  grey  lime,  for  instance, 
doubles  its  volume,  and  its  hydrated  paste 
has  double  the  bulk  of  a  mixture  of  selenitic 
I  lime  and  water. 


ON  THE  EYAPOEATIVE  EFFICIENCY  OF  STEAM  BOILEES. 

By  WM.  P.  TROWBRIDGE,  Professor  of  Dynamic  Engineering  in  the  Sheffield  Scientific  School. 
From  "American  Journal  of  Science  and  Arts." 


Transfer  of  Heat. —  The  quantity  of 
water  which  a  steam  boiler  apparatus  will 
evaporate  in  a  given  time  depends  primarily 
upon  the  temperatures  to  which  those  parts 
of  the  plates  of  the  boiler,  known  as  heat- 
ing surfaces,  are  exposed.  In  the  furnace, 
the  heating  surface  is  exposed  to  the  radi- 
ant heat  of  the  incandescent  fuel,  and  to 
the  contact  of  the  heated  gases  ;  and  in  the 
fluef ,  to  the  contact  of  the  gaseous  products 
of  combustion  alone.  The  temperature  of 
fuel,  and   the    initial   temperature   of  the 


gases,  depend  on  the  intensity  of  the  com- 
bustion or  the  quantity  of  fuel  burned 
on  each  square  foot  of  grate  surface  in  a 
unit  of  time,  and  also  on  the  kind  of  com- 
bustion which  takes  place  :  perfect  combus- 
tion, in  this  connection,  designating  that  in 
which  no  combustible  gases  or  uncombined 
oxygen  escape  to  the  chimney.  This  con- 
dition is  presumed  to  give  rise  to  the 
highest  possible  temperatures  in  the  re- 
sidue of  fuel,  and  in  the  escaping  pro- 
ducts. 
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The  quantity  of  fuel  burned,  the  consti- 
tution of  the  escaping  gases,  and  the  result- 
ing temperatures,  depend  on  the  following 
conditions  : 

1.  The  quantity  of  air  which  passes 
through  the  furnace  in  a  unit  of  time. 

2.  The  amount  of  surface  of  the  fuel  with 
which  this  air  comes  in  contact. 

The  quantity  of  heat  transferred  to  the 
water  within  the  boiler  will  then  depend  on 
the  amount  of  heating  surface  exposed  to 
direct  radiation,  the  amount  of  heating  sur- 
face exposed  to  the  contact  of  the  gases, 
and  the  laws  of  absorption  or  transfer  of 
heat  under  these  conditions. 

The  quantity  of  air  supplied  to  the  fur- 
nace, in  a  unit  of  time,  depends  upon  the 
chimney,  or  other  apparatus  for  producing 
the  draft,  and  the  surface  of  contact  of  air 
and  fuel ;  upon  the  kind  of  fuel,  size  of 
lumps,  thickness  of  bed,  etc.  There  are 
other  conditions  which  influence  the 
evaporative  efficiency  of  boilers,  when  the 
total  heat  of  combustion  is  to  be  compared 
with  the  quantity  of  heat  transferred  to  the 
water ;  such  as  the  losses  from  imperfect 
combustion,  diffusion  of  heat,  escape  of 
heat  through  the  chimney,  etc.,  making  an 
aggregate  of  losses  which  must  be  esti- 
mated. 

The  following  general  discussion  of  the 
problems  involved  is  given,  as  suggesting  a 
mode  of  investigation  which  may  lead  to 
more  satisfactory  experiments  on  the  laws 
of  transfer  of  heat. 

Let  Q,  represent  the  quantity  of  heat 
transferred  to  the  water  of  the  boiler  in  a 
unit  of  time,  one  hour  for  instance. 

Qj  the  portion  of  this  heat  which  is  trans- 
ferred by  radiation  in  the  furnace. 

Q,Q  that  part  which  is  transferred  by  con- 
tact of  heated  gases  in  the  furnace. 

Q3  the  part  which  is  transferred  by  con- 
tact of  heated  gases  in  the  flues. 

ThenQ  =  Q,-fQ24-Q  . 

In  this  expression,  the  first  member  may 
be  regarded  as  known,  because  it  may  be 
easily  ascertained  by  experiment.  Of  the 
terms  of  the  second  member,  Q,,  represents 
the  quantity  of  heat  transferred  by  radia- 
tion from  the  surface  of  the  fuel. 

According  to  the  laws  of  Dulong  and 
Petit,    this    quantity   may   be   represented 

by 

Q1=?XG  =  C.  aJB  (o'-l).XQ. 
in  which  q  represents  the   quantity  of  heat 
transferred  by  radiation  from  one    square 
foot  of  grate  surface  in  a  unit  of  time,  Gr  the 


grate  surface  in  square  feet,  C  a  constant, 
a  =  1.00077.  6  represents  the  temperature 
of  the  absorbent  body,  or  the  water  in  the 
boiler  (a  constant  which  may  be  determin- 
ed by  observation),  and  t  the  difference  be- 
tween this  temperature  and  the  higher 
temperature  of  the  incandescent  fuel. 

By  the  law  of  transfer  of  heat  by  contact 
of  gases,  given  by  Dulong  and  Petit,  wo 
shall  have 

P  representing  in  square  feet  the  furnace 
surface,  C'  tx  1233  the  quantity  of  heat 
transferred  by  contact  of  the  gases  in  the 
furnace  in  a  unit  of  time  ;  in  which  t  rep- 
resents the  difference  of  temperature  be- 
tween the  gases  in  the  furnace,  and  the  tem- 
perature, 6,  of  the  water  in  the  boiler ;  this 
difference  being  constant  for  the  whole  fur- 
nace surface.  It  is  presumed  that  the  law 
of  Dulong  and  Petit  for  the  cooling  of  bod- 
ies by  contact  of  a  cooler  gas  is  aho  the  lata 
of  heating  by  a  hot  gas'  the  side  on  which 
the  excess  of  temperature  exists  being  a 
matter  of  indifference. 

For  the  transfer  of  heat  by  contact  in  the 
flues,  the  application  of  the  law  renders  it 
necessary  to  take  into  account  the  diminu- 
tion of  temperature,  from  the  initial  tem- 
perature tx  to  the  temperature  t2,  of  the 
gases,  as  they  leave  the  flues  and  pass  into 
the  chimney. 

Let  the  combined  flue  surfaces  be  repres- 
ented by  a  single  cylindrical  surface  in  the 
form  of  a  tube,  as  in  the  figure  below,  and 


assume  two  co-ordinate  axes,  one  in  the 
axis  of  the  tube  and  the  other  perpendicu- 
lar to  it ;  and  let  £,  be  the  difference  of 
temperature  of  the  gases  and  the  water  out- 
side of  the  tube,  at  the  entrance,  and  t.:,  the 
corresponding  difference  of  temperature  at 
the  exit  of  the  gases. 

Let  q  represent  the  quantity  of  heat  trans- 
ferred in  a  unit  of  time  (one  hour)  at  any 
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point  of  the  tube  from  one  unit  (square 
foot)  of  surface.  "When  a  boiler  is  at  work 
the  temperature  of  the  gases  at  any  point, 
or  of  the  plates  in  contact  with  the  gases, 
may  be  regarded  as  constant,  and  it  will  not, 
therefore,  be  necessary  to  regard  the  con- 
ductivity of  the  plates  ;  this  being  necessary 
only  when  the  surfaces  of  the  plates  under- 
go a  change  of  temperature,  as  in  getting 
up  steam. 

If  the  heating  surface  represented  by  the 
surface  of  the  tube  be  divided  into  elemen- 
tary portions  by  planes  perpendicular  to  the 
axis,  the  element  of  the  surface  between  two 
planes  may  be  represented  by  d  s,  and  the 
quantity  of  heat  transferred  by  contact 
through  the  element  will  be  represented  by 
q  d  s. 

If  we  represent  by  c  the  specific  heat  of 
the  gases,  by  W  the  weight  of  gas  which 
passes  the  element  d  s,  in  a  unit  of  time  (one 
hour),  and  by  d  t  the  element  of  time  ;  it  is 
evident  that  the  cooling  of  the  gas  in  the 
time  d  t  will  be  c  W  d  t,  expressed  in  units 
of  heat,  and  this  quantity  must  be  equival- 
ent to  that  received  or  absorbed  by  the 
water,  represented  above  by  q  d  s,  a  rela- 
tion expressed  by  the  equation  : 

,              Trr  7     „                .                   c  V7  dt 
q  a  s  =  c  W  dt  Irom  which  d  s  = 

x  q 

Introducing  now  the  law  of  Dulong  and 
Petit,  by  substituting  for  q  its  equivalent  C 
il,ns,  the  expression  becomes 

cWdl 
d  s 


or 


ds 


C'.t  >'233 

t-l23idt. 

0' 


Integrating  between  the  limits  tL  and  t%  we 
obtain 

S  /        -233/  -2  33 


VV 


'0 


1  \cVV-    2: 


)* 


from  which  the  value  of  ^  may  be  obtained. 
c\V  t.  -233 

!33'G'S.  f2  -2:i:i 

In  this  expression  S  represents  the  whole 
heating  surface  of  the  boiler,  or  the  surface 
of  the  tube,  a  known  quantity  ;  t2  may  be 
ascertained'  by  observation  with  a  common 
thermometer.  But  no  accurate  mode  of  as- 
certaining tx  by  observation  has  yet  been 
found,  and  hence  the  necessity  of  this  mode 
o  °.  determination. 

In  the  second  member  of  the  equation 
the  undermined  quantities  are  W  and  C, 
the  first  representing  the  weight  of  gas 
which  passes   through    the   furnace  in  an 


hour,  and  the  second  the  constant  C  of  the 
formula  of  Dulong  and  Petit. 

If  W  be  taken  on  the  assumption,  gener- 
ally acquiesced  in,  that  in  ordinary  boilers 
the  quantity  of  air  which  passes  through 
the  furnace  is  just  double  the  quantity  ne- 
cessary for  perfect  combustion,  and  we  as- 
sume for  C  the  value  given  by  Mr.  Hopkins 
for  carbonic  acid  gas,  the  value  of  ty  is  com- 
pletely determined ;  and  to  find  the  initial 
temperature  of  the  gases,  it  will  be  only 
necessary  to  observe,  with  the  aid  of  a  com- 
mon thermometer,  the  temperature  of  the 
gases  at  their  exit  from  the  tube  or  boiler. 
Having  found  tu  the  quantity  of  heat  trans- 
ferred by  contact  of  the  gases,  in  the  flues, 
to  the  water,  will  be  represented  by 

cWitt— t.z). 
The  value  of  Q  then  becomes 
Q  =  C.a0.(a(-l)  G+P.O'.i,  '''"IcW  I,  -tt\ 

in  which  all  the  terms  become  known,  ex- 
cept the  first  term  of  the  second  member. 

The  value  of  the  expression  6XG.  ad 
a*  —  1)  being  thus  determined,  the  separate 
influence  of  the  radiant  heat  of  the  furnace 
becomes  known,  and  the  value  of  t,  the  dif- 
ference of  the  temperature  between  the  fuel 
and  the  water,  may  by  the  aid  of  Hopkins' 
value  of  C,  be  ascertained. 

^        .  a*     t-1  •»»■■»«, 

.Resuming  the  expression  — rn  =  — —f — 7 

if  we  suppose  the  tube  to  be  extended  indef- 
initely and  the  gases  to  be  forced  through 
the  tube  by  some  extraneous  pressure,  the 
difference  between  the  temperature  of  the 
gas  within  the  tube  and  the  water  would 
ultimately  become  zero. 

Integrating  the  above  expression  between 
the  limits  tl  and  tQ  we  should  obtain  an  ex- 
pression by  which  the  relations  of  t  and  S . 
and  of  q  and  S.  become  known  ;  t,  the  dif- 
ference of  temperature  at  any  point,  will  be 

t  =  C  -j-g    and  q  =  C"  —-^  ,    equations 

which  indicate  the  form  of  curve  of  tempera- 
tures along  the  axis  of  the  tube,  and  also 
the  form  of  curve  of  emissions  of  heat  along 
the  axis.  It  is  evident  'that  these  curves 
approach  the  axis  rapidly.  •  The  constant 
C '  and  C"  involve  both  c  W  and  the  con- 
stants of  the  law  of  Dulong  and  Petit,  and 
the  curves  may  therefore  be  constructed  by 
assuming  these  as  before. 

Unfortunately,  however,  it  is  not  prob- 
able that  either  of  these  quantities  can  be 
assumed  in  the  present  state  of  knowledge 
of  the  action  of  chimneys,  the  combustion 
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of  fuel,  and  the  phenomena   of  transfer  of 
heat.     It  is  certain  that  the  assumption  of 
twice  the  quantity  of  air  necessary  for  com- 
bustion is  not  a  universal  law.     And  in  re- 
gard  to   the  constants  of  the   formulas  of 
Dulong  and  Petit,   it  can  hardly  be   said 
that  they  have  been  completely  determined 
or  interpreted.     The  quantity  of  heat  trans- 
ferred by  contact  of  a  gas  depends  on  the 
mode  or  rate  at  which   the  gas  is   supplied 
to,  or  removed  from,  the  surface  to  be  heat- 
ed or  cooled.     This  is  the  principal  element 
in  the  problem.      It   seems    evident   that, 
according  to  the  present  state  of  knowledge 
of  the  conductivity  of  gases,  heat  must  be 
transferred  with  excessive  slowness,  unless 
currents  are  established  in.  order  to   bring 
fresh  particles   of  gas   in  contact  with  the 
surface  to  be  heated  or  cooled  each  instant. 
By  making  use  of  an  apparatus  like  the 
steam  boiler  it  may  be  possible  to  determine 
these  constants,  as  well  as  the  quantity  c  W, 
for    different   dimensions    of  chimneys    or 
force  of  draft,  thickness  of  bed  of  fuel,  etc. 
It  would  be  necessary  to  make  experiments 
under   such    conditions    that    some    of  the 
quantities  could   be   elminated,   as,    for  in- 
stance,   the  initial    temperature.      If     the 
same  chimney  be  employed  with  the  same 
kind  of  fuel,  thickness  of  fuel  on  the  grate, 
and  under  the   same  general  conditions  of 
barometer  and  thermometer,  the  initial  tem- 
peratures must  be  the  same,  and,  by  prop- 
erly varying  the   heating  surface,  different 
values  of  the  final  temperatures  might  be 
obtained  and  observed.     The   quantity  of 
air  used  being  measured,  the  law  of*  change 
of  temperature,  or  of  transfer  of  heat,  might 
then  be  ascertained  for  the  flues  and  for  the 
furnace  separately. 

If  the  laws  of  Dulong  and  Petit  be  true 
for  high  temperatures,  it  is  apparent  that 
the  influence  of  the  furnace  at  high  tem- 
peratures must  preponderate.  Under  any 
circumstances,  it  seems  impossible  to  find  a 
scientific  solution  of  the  important  problem 
of  efficiency  of  boilers  in  the  generation  and 
transfer  of  heat,  until  these  questions  are 
solved. 

The  laws  of  Dulong  and  Petit  have  not 
been  verified  for  high  temperatures.  At 
very  low  temperatures  the  quantity  of  heat 
transferred  by  contact  of  a  gas  and  by  radia- 
tion, according  to  these  laws,  will  be  nearly 
identical,  and  the  higher  the  temperature 
the  greater  becomes  the  difference  in  the 
effects. 

Common  observation  shows  that  to  heat 


or  cool  a  body  rapidly  by  contact  of  a  gas, 
the  gas  must  be  supplied  and  removed 
rapidly.  It  seems  improbable,  therefore, 
that  there  can  be  any  general  expression  for 
the  quantity  of  heat  transferred  in  this 
manner  which  does  not  involve  this  idea  in 
some  other  way  than  by  the  constants  which 
have  been  adopted. 

The  mode  of  determining  the  initial  tem- 
peratures of  the  furnace  and  gaseous  pro- 
ducts of  combustion  generally  employed,  up 
to  the  present  time,  has  been  to  assume, 
from  the  partial  experiments  of  Pe'clet  and 
others,  that  half  the  heat  of  combus- 
tion is  usually  imparted  to  the  gases,  while 
half  passes  off  as  radiant  heat,  and  then 
to  estimate  the  temperatures  on  the  fur- 
ther assumption  that  a  definite  known 
amount  of  air  passes  through  the  furnace 
for  each  pound  of  coal  burned.  From  the 
nature  and  phenomena  of  combustion  it  can 
hardly  be  supposed  that  any  such  law  as 
that  assumed  by  Peclet  can  be  universally 
true.  The  temperature  of  the  residue  of 
solid  combustible  must  depend  on  the  special 
circumstances  of  combustion  in  each  case, 
and  especially  on  the  law  of  radiation,  at 
different  temperatures. 

If  it  were  possible  to  observe  accurately 
the  temperatures  of  furnaces  and  flues,  the 
solution  of  all  these  questions  would  be 
greatly  simplified  ;  and  the  discovery  most 
needed  to  advance  this  branch  of  physical 
research  is  a  thermometer  for  determining 
high  temperatures.  The  only  method  avail- 
able at  present  seems  to  be  that  of  going 
back  from  a  temperature  which  falls  within 
the  range  of  ordinary  thermometers  to  the 
initial  temperatures,  by  analysis.  And  the 
mode  of  investigation  herein  suggested  is 
offered  as  one  which  apparently  conforms 
to  known  or  accepted  laws,  and  does  not  re- 
quire doubtful  assumptions.  "Whether  the 
laws  of  Dulong  and  Petit  are  true  for  all 
differences  of  temperature,  and  whether 
these  laws  may  not  be  revised  so  as  to  in- 
volve directly  the  dynamic  theory  of  heat, 
are  questions  which  such  investigation  may 
help  to  solve. 

The  complete  expression  for  the  total  heat 
of  combustion  of  fuel  in  the  boiler  will  be 
E  =  Q  +  E1, 
=  Q,+Q*+Q3+Q4+Q5 
in  which  Q4  represents  the  heat  in  the  gases 
after  they  leave  the  flues,represented  by  cW 
(t,  -  t{),  and  Q,5  the  losses  from  external  ra- 
diation, incomplete  combustion,  etc.,  which 
can  be  only  estimated. 
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BITUMEN,  AND  ITS  PKACTICAL  APPLICATIONS. 


From  "The  Builder/ 


The  application  of  bitumen  interests  so 
many  of  our  readers  at  this  moment,  that 
we  have  thought  it  desirable  to  translate 
some  observations  on  the  subject  published 
in  the  "Bulletin  de  la  Societe  d'Encourage- 
ment  pour  l'lndustrie,"  August,  1872  : — 

Bitumen  has  been  known  from  a  very 
remote  antiquity.  In  ancient  days,  at 
Babylon,  and  elsewhere  in  the  East,  it  took 
a  place  amongst  building  materials  ;  but 
the  mortars  and  cements,  first  skilfully 
elaborated  by  the  Greeks  and  Romans, 
have  found  greater  favor  in  modern  times. 
After  having  been  abandoned  for  ages,  the 
application  of  bitumen  to  purposes  of  con- 
struction was  revived  about  the  year  1840. 
Bituminous  cements  were  then  tried  in 
Erance  for  covering  footways  and  roofing 
vaults  and  arches.  The  success  which  at- 
tended these  experiments  attracted  public 
notice,  and  cements  of  this  description  came 
speedily  into  vogue. 

The  rage  for  bitumen,  and  the  bituminous 
compounds,  all  and  sundry,  which  made 
their  appearance  about  this  time ;  the  im- 
petus thus  given  to  the  trade,  and  its  vary- 
ing fortunes  and  deserts,  are  within  the 
personal  recollections  of  many  of  us.  Briefly, 
besides  the  cements  formed  of  native  asphalt 
from  the  mines  of  Seyssel,  and  of  bitumen 
from  Lobsann,  there  appeared  a  multitude 
of  similar  compounds,  made  with  spurious 
bitumens  obtained  from  the  refuse  of  the 
gasworks,  which  were  foisted  upon  the  pub- 
lic as  equal,  or  superior,  to  native  as- 
phalt. The  failure  of  most  of  these  sub- 
stances bade  fair  to  ruin  the  new  industry; 
but  time  and  perseverance  have  shown  the 
utlity  of  certain  of  them,  and  we  have  now 
natural  and  artificial  bituminous  cements, 
each  having  a  recognized  place  and  uses  in 
construction.  The  success  which  attended 
the  employment  of  asphalt  as  a  covering 
for  pavements  and  footways  generally, 
naturally  suggested  its  application  to  streets 
and  roadways,  and  many  unsuccessful 
attempts  were  made  in  this  direction.  Not 
until  twenty  years  later  was  the  difficulty 
practically  solved  by  the  formation  of  the 
roadways  of  "  compressed  asphalt,"  which 
now  covers  some  five  thousand  running 
metres  of  the  Paris  streets,  and  which  our 
neighbors  across  the  Channel  began  about 
the  same  time  to  use  as  a  substitute  in  the 


[  streets  of  London  for  "macadam,"  of  which 
they,  like  ourselves,    had  experienced  the 

j  inconvenience. 

Bitumen,  which  would  appear  to  be  the 
result  of  a  subterraneous  process  of  distil- 
lation of  organic  matter  or  of  coal  or  lignite, 
is  still  involved  in  considerable  obscurity  as 
to  its  origin.  Numerous  theories  have  been 
broached  to  account  for  its  formation,  and 
impregnation  with  various  matters  found  in 
combination  with  it.  Moreover,  chemically 
considered,  it  is  a  very  complex  substance, 
formed  of  various  compounds  of  hydrogen 
and  carbon.  Just  as  fatty  matters  are 
made  up  of  oleine  and  stearine,  so  bitumens 
consist  of  a  highly  carbonized  solid  substance, 
combined  or  amalgamated  with  certain 
essential  oils  of  a  more  or  less  volatile 
character.  When  exposed  to  the  air,  those 
oils  evaporate  slowly,  giving  rise  to  the 
varying  states — solid,  viscous,  and  liquid — 
under  which  bitumen  is  found  in  nature. 
Originally,  the  terms  bitumen,  mineral- 
pitch,  mineral-tar,  asphalt,  and  the  like, 
were  applied  rather  vaguely  to  denote  the 
degree  of  consistency  of  the  material.  At 
present,  in  accordance  with  the  system  of 
nomenclature  proposed  by  M.  Milo,  in  1861, 
the  term  bitumen  is  applied  to  the  bi- 
tuminous principle  in  all  compounds  of  this 
class,  whilst  asphalt  is  restricted  to  those 
compounds  of  bitumen  with  calcareous 
matter,  which  form  the  basis  of  the  cements 
in  use  for  p  iving  purposes,  and  the  sub- 
stance of  the  "compressed  asphalt"  now 
employed  on  our  carriage-ways. 

Bitumen  is  widely  distributed  in  nature. 
It  is  met  with  in  various  states: — 1.  Eree 
and  unmixed.  2.  In  a  state  of  admixture 
with  quartzose  sand  or  earthy  matters.  3. 
Impregnating  schists.  4.  In  a  state  of 
combination,  or  of  more  or  less  intimate  ad- 
mixture with  calcareous  rocks,  in  which 
state  it  constitutes  the  substance  we  know 
under  the  name  of  asphalt. 

Springs  of  pure  bitumen  have  been  known 
from  a  very  high  antiquity  ;  but  those  which 
would  seem  to  have  been  formerly  very 
abundant  are  now  much  reduced,  and  their 
yield  gets  smaller  year  by  year.  Those  of 
Judaea,  which  furnished  the  bitumen  em- 
ployed at  Babylon,  give  scarcely  any  yield  ; 
that  of  Gabian,  in  Herault,  which  formerly 
gave  1,500  kilogrammes  per  annum  (3,300 
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lbs.)  is  now  almost  exhausted;  and  the 
famous  "  pitch  fountain "  at  Clermont  is 
-well  nigh  dried  up.  It  would  appear,  how- 
ever, that  in  China  the  supply  is  still  abun- 
dant. Near  the  Cape  Verdes,  the  bitumen 
at  times  overflows  the  surface  of  the  tide  ; 
and  in  certain  places  in  the  Holy  Land  it 
rises  to  the  surface  of  the  water  in  a  sort  of 
scum,  which  is  drifted  to  shore  by  the  wind. 
In  the  island  of  Trinidad,  on  the  bed  of  an 
ancient  lake-basin  now  dried  up,  are  found 
masses  of  bitumen  solidified  by  the  evapor- 
ation of  their  essential  oil  or  by  the  addition 
of  foreign  substances.  Bitumen  in  a  pure, 
unalloyed  state,  as  it  here  occurs,  forms,  as 
we  have  said,  the  basis  of  all  bituminous 
cements. 

At  Seyssel,  at  Bastennes,  in  Auvergne, 
and  in  numerous  localities  in  France,  Spain, 
and  Switzerland,  may  be  found  beds  of  sand 
impregnated  with  bitumen.  These  molasses 
are  generally  in  the  vicinity  of  deposits  of 
asphalt,  most  frequently  below  them.  The 
bitumen  is  extracted  from  the  sand  by  long 
boiling  in  water,  during  which  process  it 
rises  to  the  surface  like  a  scum.  Lastly, 
bitumen,  in  a  vaporous  as  well  as  a  fluid 
state,  appears  to  have  made  its  way,  under 
conditions  at  present  unknown,  into  the 
marls,  schists,  and  jurassic-limestone  beds 
of  the  lacustrine  epoch,  in  which  it  exists  in 
a  state  of  admixture,  perhaps  even  of  com- 
bination. 

Bituminous  schists  are  extremely  plenti- 
ful in  the  coal-basins  of  Autun  (Saone-et- 
Loire),  of  Buxiere  (Allier)  ;  and  are  also 
found  in  Provence,  in  Dauphigne,  and 
doubtless  in  many  other  localities.  Calcare- 
ous bitumen  appears  to  be  of  rare  occurrence 
as  it  also  is  of  greater  industrial  utility.  In 
France,  we  know  at  present  but  of  four  or 
five  deposits  susceptible  of  being  advan- 
tageously worked.  The  oldest  and  best- 
known  are  at  Seyssel,  Seyssel- Volant,  the 
Val  de  Travers,  in  Switzerland,"  and  at 
Maestra,  in  Spain.  Latterly  some  deposits 
have  been  opened  in  Haute-Savoie,  and 
several  beds  near  Alais,  which,  in  the  ex- 
cellency of  the  yield,  bid  fair  to  rival  that 
of  Seyssel  or  of  the  Val  de  Travers.  Some 
trials  have  also  been  made  in  Auvergne,  in 
the  neighborhood  of  Clermont,  but  the  pro- 
portion of  bituminous  matter  in  the  lime- 
stone is  too  variable  and  uncertain  hitherto 
to  admit  of  its  being  worked  to  profit. 

Bituminous  limestone,  or  asphalt  prop- 
erly so  called,  has  the  appearance  of  mortar. 
Its  color  is  chocolate,  of  a  shade  depending 


upon  the  proportion  of  bitumen  contained 
in  it.  When  broken,  it  shows  a  fracture  of 
a  lighter  color,  such  as  a  scratch  with  a 
knife  leaves  on  the  surface  of  chocolate  in 
cake.  The  grain  is  fine,  and  a  close  in- 
spection shows  that  each  grain  of  limestone 
has  a  separate  bituminous  envelope  ;  each 
grain  is  thus  parted  from  its  neighbors  by 
a  coating  of  varnish,  which  varnish  binds 
the  whole  together  firmly  in  mass.  In  hot 
weather  this  varnish  becomes  soft  and 
sticky,  and  oftentimes  the  weight  of  a  block 
in  itself  is  sufficient  to  cause  rupture.  In 
winter,  on  the  contrary,  the  bitumen  is 
dry,  and  the  mass  presents  a  remarkable 
degree  of  hardness  and  impenetrability. 
When  heated  on  an  iron  plate  to  a  tempera- 
ture of  170  deg.  to  180  deg.  Cent.  (338  deg. 
to  356  deg.  Fahr.),  asphalt  decrepitates  and 
falls  to  powder. 

The  proportion  of  bitumen  in  asphalt 
ranges  from  15  down  to  7  or  8  per  cent. 
Generally  speaking,  those  from  the  Val  de 
Travers  and  Haute-Savoie  give  an  average 
of  12  per  cent.  Seyssel  asphalt  yields  8  to 
10  per  cent.  only.  In  the  works  in  the  De- 
partment of  Card,  which  are  in  a  series  of 
superposed  beds,  the  proportion  varies  con- 
siderably, but  the  percentage  is  uniform 
throughout  each  individual  bed.  The  rich- 
est yield  15  to  20  per  cent.,  and  the  poorest 
7  to  8  per  cent.  But  the  proportion  of 
bitumen  even  in  the  richest  beds  is  not  suffi- 
cient to  cause  them  to  soften  in  hot  weather. 
When,  after  breaking  the  asphalt  into  3 
in.  or  4  in.  fragments,  we  heat  it  to  a  tem- 
perature of  130  deg.  to  140  deg.  Centigrade, 
it  falls  to  powder,  as  we  have  before  said ; 
and  if  the  temperature  be  raised  still  high- 
er, the  bitumen  passes  off  in  the  form  of  a 
thick  smoke.  If,  on  the  other  hand,  we  cast 
the  powdered  asphalt  into  pure  molten 
bitumen,  it  dissolves,  so  to  speak,  and  as 
much  as  90  per  cent,  may  be  added  before 
the  mass  assumes  a  paste-like  consistency. 
Upon  this  singular  property  is  based  the 
process  of  manufacture  of  bituminous  ce- 
ments. 

Formerly,  Bastennes,  in  the  Landes,  and 
Lobsann,  in  the  Bas-Rhin,  supplied  a  suffi- 
ciency of  bitumen  in  a  fluid,  or,  at  any  rare, 
in  a  viscous  state,  for  this  purpose  ;  but  now 
the  springs  appear  to  be  nearly  exhausted. 
Pure  bitumen  can  only  be  obtained  by  boil- 
ing the  molases,  or  bituminous  shales,  for 
a  lengthened  period, — say,  ten  or  twelve 
hours.  This  is  the  mode  of  procedure  at 
Seyssel ;  but  it  is  costly  and  incomplete,  and 
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the  bitumen  thus  procured  always  retains  a 
certain  proportion  of  sand.  Even  at  Seyssel, 
where  the  shale  is  in  close  proximity  to  a 
rich  deposit  of  asphalt,  the  process  has 
been  well-nigh  abandoned ;  and  there,  as 
elsewhere,  the  native  bitumen  has  been 
given  up  for  dry  bitumen  from  Trinidad, 
dissolved  in  mineral  tar,  obtained  by  a 
second  distillation  of  certain  bituminous 
shales  found  in  considerable  abundance  in 
the  Department  of  Air. 

To  ^00  kilog.  (1,760  lbs.)  of  Trinidad  bi- 
tumen are  added  250  kilog.  (550  lbs.)  of 
mineral  tar,  and  the  whole  is  boiled,  stir- 
ring well  the  while,  for  the  space  of  ten 
hours.  In  this  way  we  get  what  is  called 
"  refined  bitumen,"  which  now  takes  the 
place  of  that  from  Bastennes  and  Lobsann. 

To  form  the  bituminous  cements  used  for 
paving,  etc.,  we  throw  into  the  molten  bi- 
tumen aforesaid,  by  degrees  and  stirring 
well  the  while,  the  fragments  of  asphalt 
reduced  to  a  powder,  either  by  the  action  of 
heat  or  by  mechanical  pressure.  The  latter 
method  is  to  be  preferred,  as  it  precludes 
the  possibility  of  the  bitumen  getting  burned. 
100  kilog.  (220  lbs.)  of  refined  Trinidad 
bitumen  will  thus  take  up  1,400  kilog. 
(3,080  lbs.)  of  powdered  asphalt.  After 
six  or  seven  hours'  cooking,  the  compound 
assumes  a  paste-like  consistency,  and  is  then 
run  off  into  moulds  bearing  the  trademark  of 
the  manufacturer.  In  this  way  are  obtained 
the  blocks  in  which  asphalt  is  offered  for 
6ale.  Formerly  it  was  the  custom  to  melt 
these  blocks  on  the  spot,  with  the  aid  of  a 
portable  furnace,  and  the  addition  of  six  or 
seven  parts  by  weight  in  the  hundred  of 
pure  bitumen.  After  melting,  60  to  70  per 
cent,  of  fine  gravel  was  stirred  in,  and  the 
mixture  laid  on  hot.  But  the  smo'ke  and 
the  disagreable  smell  thus  entailed  were 
productive  of  serious  inconvenience  in  the 
Paris  streets,  and  latterly  the  cement  has 
been  amalgamated  with  the  sand  or  gravel 
at  the  contractors'  works,  and  brought  to 
the  required  spot  in  covered  conveyan  ces, 
provided  with  small  coke  furnaces,  for  keep- 
ing the  contents  at  the  requisite  tempera- 
ture. The  latter  are  stirred  from  time  to 
time  by  means  of  an  "  agitator,"  worked 
with  a  rotary  handle.  The  success  which 
attended  the  use  of  bituminous  facings  for 
footways  naturally  led,  as  we  have  already 
observed,  to  a  desire  to  apply  the  material 
to  carriage-ways,  equally  either  in  the  form 
of  concrete  of  small  stones  embedded  in 
Borne  bituminous  cement,  or  by  flagstones, 


cemented  together  with  asphalt.  But,  in 
each  case,  the  alternations  of  temperature 
and  humidity  destroyed  the  setting,  and 
the  essays  proved  unsuccessful.  Numerous 
other  attempts  proved  equally  abortive,  and 
it  was  only  after  many  long  years  of  experi- 
ment that  it  was  found  practicable  to  form 
roadways  of  compressed  asphalt,  such  as 
now  covers  over  40,000  square  metres  of  the 
Paris  streets,  and  is  rapidly  coming  into 
favor  in  England.  It  should  be  stated 
that,  although  the  experiments  at  Paris 
Avere  unsuccessful,  at  Seyssel  and  at  the  Val 
de  Travers  the  roadways  formed  by  the 
continuous  droppings  of  fragments  of  as- 
phalt have  a  smooth,  homogeneous  surface, 
very  compact  and  very  durable.  This  fact 
suggested  the  application  of  the  material  in 
its  natural  state,  as  in  the  roadways  now 
laid  with  "  compressed  asphalt,"  as  it  is 
termed. 

For  this  purpose  the  asphalt  is  reduced 
to  a  fine  powder,  and  heated  to  a  tempera- 
ture of  130  deg.  to  140  deg.  Cent.  (260  deg. 
to  280  deg.  Fahr.)  It  is  spread  out  in 
layers,  of  2  in.  in  thickness,  over  a  concrete 
flooring,  and  well  compressed  by  ramming, 
until  cool.  It  forms  a  compact  mass,  as 
homogeneous  in  its  powers  of  resistance  as 
the  rock  itself  in  its  natural  state.  At  first, 
the  asphalt  was  pulverized,  by  breaking 
it  into  4  in.  to  6  in.  fragments,  which  were 
placed  on  strongly  heated  iron  plates.  This 
method  was  only  applicable  to  the  richest 
asphalts,  as  that  of  the  Val  de  Trawers, 
and  the  bitumen  often  got  burned  in  the 
process.  Nowadays  it  is  pounded  cold  by 
a  very  ingenious  mechanical  arrangement, 
equally  applicable  to  any  sort  of  asphalt, 
so  long  as  it  contains  7  or  8  per  cent,  of  bi- 
tumen. The  powdered  asphalt  is  placed 
within  large  horizontal  drums  of  plate  iron, 
revolving  over  portable  furnaces,  which, 
with  the  aid  of  a  system  of  rails  and  turn- 
tables, can  be  run  under  them  as  required. 
When  the  powdered  asphalt  has  acquired 
a  temperature  of  150  deg.  Cent.  (300  deg. 
Fahr.),  the  portable  furnaces  are  withdrawn, 
and  in  their  place  covered  trucks,  with 
double  sides,  to  retain  the  heat,  are  run  in 
under  the  drums  to  receive  their  contents, 
and  to  wheel  them  off  for  immediate  use. 
The  loss  of  temperature  in  the  trucks  is 
small,  and  on  arrival  at  its  destination  the 
powder'  is  spread  out  and  rolled  with 
slightly-heated  rollers  into  the  requisite 
state  of  pulverization. 

The   success  of    the   operation   depends 
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much  upon  the  state  of  the  weather.  In 
cold,  and  particularly  in  damp,  weather, 
the  powder  cools  too  quickly  ;  it  then  binds 
well  at  the  surface  only,  and  when  the  sur- 
face goes  the  road  is  destroyed. 

Very  many  road ^  which  have  been  made 
or  repaired  in  unfavorable  weather  have 
lasted  a  very  short  time.  Now,  in  Paris, 
operations  of  this  description  are  no  longer 
performed  in  winter, — all  alterations  and 
repairs  are  deferred  until  the  summer,  the 
stopping  of  holes  and  the  like  being  done 
provisionally  with  boiling  pitch,  until  the 
weather  will  admit  of  their  execution  in  a 
proper  manner. 

Roads  formed  of  "  compressed  asphalt  " 
are  cheaper  in  respect  both  of  prime  cost 
and  of  maintenance  than  ordinary  macada- 
mized roads.  They  produce  less  noise,  less 
mud,  and  less  dust.  'The  resistance  to 
traction  upon  them  varies  much  according 
to  circumstances.  In  winter  it  is  less  than 
over  a  nagged  road  ;  in  summer-time,  on  the 
contrary,  it  is  greater  than  on  a  paved  road. 
Their  greatest  defect  is  that  they  become 
very  slippery  when  covered  with  a  thin 
coating  of  mud  ;  they  should  therefore  al- 
ways be  kept  clean  swept.  Their  greatest 
practical  inconvenience  is,  as  we  said,  that 
repairs  can  only  be  effected  at  particular 
seasons. 


';    REPORTS  OF  ENGINEERS'  SOCIETIES. 

Iondon  Association  op  Foremen  Engineers- 
l  — At  the  last  monthly  meeting  held  on  Satur- 
day, September  7th,  Mr.  Joseph  Newton,  for  whom 
much  sympathy  was  expressed,  was  absent  on  ac- 
count of  the  recent  death  of  his  only  daughter. 
Mr.  Gibbons  was  called  to  the  chair,  and  Mr.  Thor- 
burn  to  the  vice-chair.  Mr.  Moore  and  Mr.  Mc- 
KLean  were  put  into  nomination  for  election  at  the 
next  meeting.  Mr.  Nicholson  presented  a  paper 
on  "  Continuous  Expansion  Engines, '  which  he 
illustrated  by  several  drawings  and  diagrams.  He 
said  that  the  only  engine  on  the  compound  princi- 
ple at  present  in  the  market,  as  a  competitor  to 
Woolf's,  was  the  engine  which  he  now  described. 
The  steam  was  worked  in  a  different  manner  from 
any  other  engine  ;  it  was  cut  off  at  about  half  stroke 
on  the  small  piston.  When  that  has  passed  the 
cellular  ports  in  the  sides  of  the  small  cylinder  the 
two  pistons  begin  to  share  the  steam  between 
them,  and  both  begin  to  expand  the  steam.  When 
the  small  piston  has  finished  its  up  or  down  stroke, 
the  large  piston  continues  to  expand  the  steam 
until  nearly  the  end  of  its  stroke,  which  causes  it, 
as  its  name  denotes,  to  be  a  continuous  expansion 
engine.  Mr.  Stewart,  at  Blackwall  Ironworks,  is 
n  ow  busy  with  the  tenth  boat  on  this  principle. 
T  he  engines  of  this  boat,  belonging  to  Egypt,  are 
to  be  converted  from  ordinary  condensing  engines 


into  continuous  expansion  engines.  The  paper 
was  followed  by  a  lively  and  interesting  discussion, 
in  which  Messrs.  Sax,  Hedley,  Galloway,  Ives, 
Robson,  Leith,  and  both  chairmen,  took  part.  The 
meeting  adjourned  at  about  1 1  o  clock  to  Saturday, 
October  5th,  as  usual  at  the  City  Terminus  Hotel. 

New  York  Chapter  of  the  American  In- 
stitute of  Architects. — At  the  sixth  an- 
nual meeting — and  first  regular  business  meeting — 
of  this  Chapter  for  the  current  official  year,  1872-3, 
held  at  these  rooms  last  night,  the  following  officers 
and  Standing  Committees  were  elected :  President, 
James  Renwick ;  Vice-President,  R.  G.  Hatfield ; 
Treasurer,  Henry  Fernbach  ;  Secretary  and  Libra- 
rian, A.  J.  Bloor.  Executive  Committee — James 
Renwick,  Chairman,  Henrv  Fernbach,  A.  J.  Bloor, 
R.  G.  Hatfield,  Carl  Pfeiffer,N  Le  Brum  Commit- 
tee on  Admissions — H.  Hudson  Holly,  R.  M.  Up- 
john, Wm.  T.  Hallett,  Geo.  B.  Post,  James  Ren- 
wick, ex  officio.  Committee  on  Library  and  Pub- 
lications—R.  M.  Hunt,  C.  C.  Haight,  Chas.  D. 
Gambrill,  A.  J.  Bloor,  James  Renwick,  ex  officio. 
Committee  on  Education — E.  T.  Littell,  Alfred  H. 
Thorp,  James  Renwick,  ex  officio.  Committee  on 
Examinations — R.  G.  Hatfield,  Henry  Dudley, 
John  W.  Ritch,  A.  J  Bloor,  James  Renwick,  ex 
officio.  The  Committee  on  Examinations  are  the 
appointees  of  the  Chapter,  under  Act  passed  by 
the  Legislature  of  the  State  of  New  York,  April 
20th,  1871,  entitled  an  "  Act  to  amend  and  reduce 
to  one  Act  the  several  Acts  relatinsr  to  buildings  in 
the  City  of  New  York.'  Sections  87  and  42.  The 
Library  of  the  Chapter  is  open  to  all  practitioners 
and  students  of  architecture  and  the  cognate  arts. 

The  Scientific  and  Mechanical  Society, 
Manchester. — At  the  last  meeting  of  the 
above  Society  the  subject  announced  for  the  dis- 
cussion "  On  the  Steam  Jacket  "  was  briefly  intro- 
duced by  Mr.  Hildebrandt,  who  explained  the 
object  of  the  appliance.  The  question  at  issue  was 
whether  the  unavoidable  liquefaction  of  steam,  due 
to  condensation  from  radiation,  conduction,  and 
convection,  and  that  due  to  work  done,  was  to  be 
allowed  to  take  place  in  the  cylinder  itself,  or 
whether  it  was  more  advantageous  to  employ  a 
separate  casing  to  supply  heat  to  the  steam  inside  the 
cylinder,  and  let  the  condensation  take  place  in  the 
casing,  so  that  the  propelling  steam  was  xminflu- 
enced  by  loss  of  heat  from  convection.  Conden- 
sation would  take  place  under  all  circumstances, 
even  if  we  could  construct  the  vessels  in  which  the 
steam  had  to  perform  work  of  perfect  non-conduct- 
ing materials.  So  far  from  being  able  to  do  this, 
it  was  evident  that  the  liquefaction  due  to  radia- 
tion and  conduction  would  be  greater  where  a 
steam  jacket  was  used,  owing-  to  a  somewhat  lar- 
ger radiating  surface  of  the  jacket,  and  more  than 
double  the  quantity  of  metal  to  be  treated  where 
the  jacket  was  applied ;  but  it  was  thought  by 
many  eminent  philosophers  and  practical  men  that 
the  evils  arising  from  the  influence  of  convection 
in  the  cylinder  did  more  than  balance  those  due  to 
increased  radiation  and  conduction.  If  there  was 
an  advantage,  however,  in  point  of  economy,  it 
was  a  doubtful  one,  notwithstanding  that  we  saw 
nearly  all  the  steam  engines  in  open  competition 
trials  steam  jacketed  or  with  hot  air  jackets.  Jack- 
ets always  did,  not  to  an  inconsiderable  extent,  in- 
crease the  first  cost  of  an  engine. 
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A  very  animated  discussion  followed,  in  which 
nearly  all  those  present  took  part;  one  speaker  ad- 
vocated the  jacket  because  it  was  a  safeguard 
against  breakage,  resulting  so  often  from  accumu- 
lated condensed  water  in  the  cylinder.  This  argu- 
ment was  strongly  opposed  by  all  subsequent 
speakers,  most  of  whom  were  adverse  to  the  use  of 
the  appliance  under  consideration.  Some  of  them 
stated  that  from  experiments  they  had  made  they 
were  forced  to  the  conviction  that  no  advantage 
could  be  gained  with  the  steam  jacket. 

The  result  of  the  discussion  was  that  all  those 
present — with  one  exception — expressed  them- 
selves to  the  effect  "  That  no  advantage  could  be 
gained  with  the  steam  jacket,  nor  did  they  object 
to  its  use  ;  but  they  were  convinced  that  efficient 
protection  against  radiation  and  conduction  of 
heat  from  the  cylinder  was  the  best  and  only 
means  to  attain  true  economy." 


features  in  the  coming  Vienna  Exhibition,  is  a 
collection  of  examples  of  dwelling-houses,  repre- 
sented by  models,  drawings,  and  lull-sized  thor- 
oughly furnished  apartments.  If  good  types  of 
iron  buildings  were  sent  for  exhibition  and  for  use, 
the  rents  that  could  be  collected  from  them  would 
be  remunerative,  and  a  lucrative  trade  could  per- 
haps be  established. 
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Cement  Mixture  for  Steel. — Mr.  Edward  F. 
Houghton,  of  Philadelphia,  proposes  to  use  a 
combination  of  bone-carbon  and  hydrocarbon  oils 
as  a  cement  mixture  for  the  manufacture  of  steel. 
The  object  of  the  invention  is  to  convert  iron  into 
steel  economically,  and  to  utilize  the  waste  bone 
accumulated  in  the  process  of  manufacture  of  the 
article  known  as  cosmoline.  The  bone  carbon  is 
impregnated  with  hydrocarbon  oil. 

The  wrought  iron  is  case-hardened  by  immersion 
in  the  described  bone-carbon,  heated  to  redness. 
The  surface  of  the  iron  is  of  extreme  hardness,  and 
the  metal  is  not  blistered — a  desirable  feature  in 
finished  work. 

Pure  Wrought  Iron. — It  has  hitherto  been 
deemed  impossible  to  make  pure  wrought  iron ; 
this  has  been  done  at  the  Bowling  Ironworks, 
Bradford,  from  Bowling  No.  2  Pig  iron,  by  the 
Henderson  process. 

The  analysis  of  the  pig  iron  used  is  : — 

Graphitic  earbon 3.155 

Combined  do 581 

Silicon 1.346 

Sulphur 0.0 

Phosphorus 635 

Manganese 1.472 

Iron 92.644 

100.203 

The  wrought  iron  from  the  above  analysis  : — 

Carbon 272  per  cent. 

Silicon None 

Sulphur   The  barest  trace. 

Phosphorus None 

Manganese None 

Iron  by  direct  determination.  99.500 

99.772 

This  is  the  purest  iron  ever  made  on  a  commer- 
cial scale  of  manufacture. — Mechanics'  Magazine. 

AN  article  in  "  Engineering  "  calls  the  attention 
of  manufacturers  of  iron  houses  to  the  fact  that 
such  houses  are  almost  unknown  in  Austria,  where 
rents  are  enormously  high  and  ordinary  building 
materials  are  extremely  dear.     Among  the  novel 


RAILWAY  NOTES. 

English  Railway  Disasters. — It  has  been. 
I  generally  supposed  that  railway  travelling  iu 
Great  Britain  is  safer  than  in  other  countries. 
Official  returns  to  Parliament,  however,  have 
rudely  shattered  this  hypothesis.  It  appears  that 
in  the  eleven  years  from  1861  to  1871  inclusive, 
there  were  killed  and  injured  as  follows  : 

Killed.       Injured. 

1861 284  883 

1862 216  600 

186:5 284  470 

1864 222  794 

1865 221  1,132 

1866 215  634 

1867 209  795 

1868   212  600 

1869 321  1,252 

1870 86  1,239 

1871 404  1,261 

Here  is  a  total  of  persons  killed  in  1871,  more 
than  100  in  excess  of  the  fatal  accidents  inl870,  be- 
sides a  steady  increase  in  the  number  of  persons 
injured  on  railways  from  1861  to  1871,  with  the 
exception  of  a  single  year,  when  the  comparative 
small  number  of  600  persons  received  hurts.  It 
should  be  remembered,  however,  that  a  largely 
greater  number  of  persons  travel  now  than  did  ten 
years  ago — railways  having  extended  very  greatly 
within  that  period. 

The  abstract  of  returns  gives  something  of  an 
opportunity  to  compare  the  security  of  life  on  rail- 
ways in  England  and  Massachusetts,  the  latter 
being  taken  as  comprising  the  oldest  railway  enter- 
prises of  the  country.  The  total  mileage  of  Great 
Britain,  December,  1871,  was  about  14,000;  of 
Massachusetts  at  the  same  period  about  2,400.  The 
total  killed  in  that  State  in  1871  was  162— about 
40  per  cent,  of  the  number  killed  in  Great  Britain. 
The  accidents  not  fatal  in  Massachusetts  were  but 
13  per  cent,  of  those  in  the  former  country.  This 
comparison,  however,  is  not  very  valuable,  since  we 
are  not  informed  how  many  passengers  were  car- 
ried on  British  railways.  The  sad  disaster  at  Re- 
vere, in  Massachusetts,  is  also  taken  into  the  account 
above  stated.  A  similar  catastrophe  may  not  recur 
in  years.  The  showing  made  shows,  after  all,  that 
human  life  is  about  as  safe  aboard  the  cars  as  any- 
where else. — Chicago  Railway  Review. 


ENGINEERING  STRUCTURES. 

San  Erancisco  Bridge  Tunnel. — Bids  for 
_  construction,  were  opened  on  the  12th.  The 
stipulations  provide  that  the  work  shall  be  com- 
menced immediately  after  signing  contract,  and 
shall  be  completed  by  May  1st  next,  or  by  the  time 
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the  bridge  shall  be  ready.  A  preliminary  excava- 
tion has  been  commenced  on  Seventh  street  to  as- 
certain the  depth  of  the  sewer  at  that  point.  It  is 
confidently  expected  that  the  work  will  go  forward, 
and  the  stupendous  structure  be  entirely  complet- 
ed by  the  time  above  indicated,  if  not  before. 

Peoria  Bridge.— Two  spans  of  the  Peoria  and 
Springfield  R.  R.  bridge  at  P.  have  been  com- 
pleted, and  all  the  piers  are  finished.  Work  is  being 
pushed  forward  energetically,  and  the  entire  struc- 
ture will  soon  be  ready  for  the  first  train. 

Trials  op  Road  Locomotives. — Two  six-horse 
road  locomotives  belonging  to  the  Telford  Pave- 
ment Company  were  tried  at  South  Orange,  N.  J., 
on  the  1st  inst.  by  Prof.  R.  H.  Thurston,  of  the 
Stevens  Institute  of  Technology,  to  ascertain  their 
power  in  ordinary  work. 

The  engines  are  by  Aveling  &  Porter,  and  are 
alike,  except  that  the  wrought-iron  driving-wheels, 
which  have  oblique  projecting  strips  riveted  on 
with  snap-headed  rivets  to  dig  into  the  road  and 
give  adhesion,  had  been  removed  from  one  of  them, 
and  broad,  smooth  cast-iron  wheels  bad  been  sub- 
stituted, to  serve  as  rollers.  These  cast-iron  wheels 
added  0,700  lbs.  to  the  weight,  making  the  total 
weight  of  this  engine  18,348  lbs.  Each  engine  has 
one  cylinder,  7j  in.  in  diameter  and  10  in.  stroke, 
geared  to  make  17  turns  to  one  turn  of  the  driving- 
wheels,  which  are  66  in.  in  diameter.  The  boilers 
have  each  130  ft.  of  heating  surface.  The  wrought- 
iron  driver-engine  is  new,  and  its  boiler  not  yet 
clean,  and  it  primed  so  much  as  to  render  it  less 
efficient  than  that  of  its  companion,  which  has  been 
long  at  work,  and  did  not  prime. 

Early  in  the  day,  we  were  informed,  one  of  these 
engines  drew  16  tons  (wagons  included  i  up  a  grade 
of  1  in  10.  There  were  no  slipping  of  the  Avheels 
in  any  of  the  trials,  so  we  could  not  well  judge  as 
to  the  need  of  rough  tires.  The  heaviest  load  drawn 
was  by  the  smooth-tired  engine,  50,000  lbs.,  up  a 
grade  of  250  ft.  per  mile,  at  3.6  miles  per  hour,  the 
pressure  falling  from  103  to  90  lbs.  in  going  1,400 
ft.  The  train  consisted  of  10  wagons,  loaded  with 
broken  stones.  Three  horses  to  a  wagon  are  used 
at  this  grade.  The  engine,  therefore,  drew  the  load 
of  30  horse3.  at  a  much  higher  speed  than  horses 
can  draw  su  h  loads. 

The  road  has  a  newly -made  broken-stone  surface, 
on  a  Telford  foundation.  Having  been  rolled,  the 
surf  a  e  must  be  in  first-rate  order;  but  it  was 
dirty  to  such  a  degree  as  to  make  it  much  more  re- 
sistant than  an  English  road  that  is  swept.  But 
this  makes  the  test  more  practical  for  our  use,  for 
we  shall  not  soon  incur  the  cost  of  cleaning  roads 
outside  of  cities. 

The  cost  could  not  be  determined  in  a  short 
time,  but  some  of  the  employees  of  the  Company 
thought  it  as  low  as  a  fourth  of  the  cost  of  horse- 
power. 

The  engines  are  handier  than  horses.  One  man 
does  all  the  work  on  an  engine.  With  a  train 
made  to  turn  in  the  track  of  the  engine,  one  addi- 
tional man  can  manage  the  train.  Thus  two  men 
can  do  the  work  of  ten  men  with  horses. 

The  quantity  of  fuel  used  had  not  been  ascertain- 
ed when  we  came  away.  But  all  reports  concur  in 
showing  that  the  fuel  costs  very  much  less  than 
horse  feed. 

The  work  was  all  done  easily,  without  the  least 


stoppage  or  delay.  We  saw  no  trouble  with  horses, 
though  many  were  passing,  and  the  steam  blast 
was  very  loud  when  going  up  the  grade  ;  but  Prof. 
Thurston  said  that  some  horses  had  shied,  but  were 
easily  led  past  the  train.  Generally  horses  do  not 
take  fright;  and  the  few  that  do  at  first,  soon  be- 
come reconciled. 

We  saw  nothing  to  excite  a  doubt  of  the  general 
opinion  of  the  Company  s  employees,  that  the  en- 
gines are  much  more  economical  and  convenient 
than  horses. — Railroad   Gazette. 

Iron  Piling  along  the  Delaware  shore. — 
Under  an  appropriation  of  Congress  a  new  pier 
was  commenced  last  fall  opposite  the  lower  end  of 
the  long  breakwater,  a  mile  above  Henlopen  light, 
Del.  shore.  Several  hundred  feet  are  already  con- 
structed, but  it  will  probably  be  a  year  before  its 
completion.  The  length  is  to  be  1,800  ft.,  and  it  is 
for  the  anchorage  of  vessels  and  the  termination  of 
the  Junction  &  Breakwater  Railway.  That  loca- 
tion was  made  for  the  purpose  of  changing  the 
currents,  by  which  the  entrance  for  ships  at  the 
shore  end  of  the  Breakwater  is  gradually  breaking 
up.  The  pier  is  built  upon  a  stone  abutment  to 
high-water  mark,  then  upon  solid  iron  piles  6  in. 
in  diameter,  with  a  screw  and  flanges  like  those  of 
an  auger,  at  the  bottom  end  of  each  (and  known  as 
the  "  screw  pile').  The  pile  is  screwed  into  the 
earth  9  ft.  by  means  of  a  capstan  upon  the  shore 
and  a  2-horse  power  machine.  The  piles  are  set 
about  2  ft.  apart  in  sections  of  3  alternately  on  either 
side  of  the  pier,  standing  in  a  triangular  position '  o 
each  other.  The  last  pile  driven  is  in  52  ft.  of 
water,  9  ft.  in  the  bottom,  and  was  subjected  to 
11,000  lbs.  pressure  without  settling.  The  struc- 
ture appears  light,  and  the  piling  does  not  obstruct 
the  currents,  as  they  do  in  cumbrous  wooden  piers. 
The  labor  is  much  less,  and  a  pier  upon  iron  piles 
is  subject  to  decay  only  in  the  superstructure, 
which  is  repaired  at  a  trifling  cost,  withoxit  inter- 
ruption to  business.  The  first  cost  is  greater,  but 
from  its  superior  advantages  it  must  eventxinlly 
supersede  wooden  piling.  It  would  seem  that  they 
would  withstand  much  more  pressure  than  the  or- 
dinary pile,  the  bottom  of  which  is  as  small,  if  not 
smaller  than  the  pile  itself,  while  the  flanges  of  the 
iron  pile  present  more  than  quadruple  its  end  sur- 
face to  support  its  pressure.  The  engineers  ex- 
press entire  confidence  in  it,  and  believe  the  iron 
piling  will  rapidly  supersede  the  old  wooden 
piling. — Iron  Age. 

French  Inland  Navigation. — A  report  upon 
the  internal  navigation  of  France  has  recently 
been  laid  before  the  National  Assembly  by  the 
Commission  of  Inquiry  upon  railway  and  other 
means  of  transport,  prepared  by  M.  Krantz.  chief 
engineer  in  the  service  of  the  Seine  Navigation.  It 
explains  fully  the  actual  condition  of  the  water  com- 
munications, and  points  out  means  for  their  im- 
provement. The  total  length  of  the  canal  system 
of  France,  aocording  to  M.  Krantz,  amounts  to 
3,270  miles.  The  cost  of  constructing  this  mileage 
amounted  to  £32,746,000,  and  a  balance  of  £1,319,- 
000  remains  to  be  paid.  Including  the  cost  of 
personnel  and  interest,  the  average  cost  per  mile  of 
canal  has  been  £11,520.  The  maintenance  of  the 
canals  cost  £91.5  per  mile,  or  about  £300,000  a  year. 
The  duties  collected  by  the  State  give  a  net  pro- 
duct of  about  £129,000.    The  average  ton  mileage 
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is  841,847,830,  and  the  net  cost  of  transport  is  .288 
of  a  penny  per  mile. 

To  obtain  the  actual  cost  of  carrying  each  ton  of 
merchandise,  the  maintenance  expenses  must  be 
added  to  the  interest  of  capital  invested,  and  the 
amount  divided  into  the  whole  tonnage.  These 
two  sums,  cost  of  maintenance  and  interest  of 
capital,  amount  to  §1,920,000  per  annnm,  this 
being  the  lowest  sum  that  any  company  holding 
all  the  French  canals  in  perpetuity  should  demand 
as  toll  upon  the  tonnage  carried. 

In  this  case  the  toll  would  be  .557  penny  per 
mile  per  ton,  and  this,  added  to  the  cost  of  trans- 
port jiroper,  would  bring  up  the  total  cost  to  .845 
penny  per  mile  ton.  But  if  it  be  assumed  that 
the  canal  system  has  already  repaid  to  the  country 
the  capital  expended  upon  it,  through  the  services 
it  has  rendered,  especially  before  the  time  of  the 
railways,  and  that  consequently  the  interest  upon 
that  capital  should  not  be  considered,  then  the  cost 
of  transport  would  be  reduced  to  .307  penny  per 
mile  per  ton.  Now  the  rail  ways  in  France  cannot,  at 
present  at  least,  come  down  to  this  price,  and  under 
these  conditions  the  system  of  navigable  water-way 
presents  an  admirable  means  of  providing  cheap 
transport. 

The  alterations  necessary  to  bring  the  French 
canal  system  into  a  useful  condition  may  be  classed 
under  the  four  following  heads  : 

1.  The  completion  of  the  canals  in  each  district, 
and  opening  up  the  necessary  communications  be- 
tween the  various  systems. 

2.  The  improvement  of  the  existing  canals. 

3.  The  required  financial  and  administrative  re- 
forms. 

4.  The  reorganization  of  the  boat  service. 

The  report  of  M.  Krantz  does  not  enter  with 
great  detail  upon  the  present  condition  of  the 
French  canal  system,  leaving  this  to  the  commis- 
sion, that  shall  make  a  special  work  of  inquiring 
into,  and  reporting  upon,  what  must  be  done  con- 
structively ;  but  he  deals  especially  with  the  ad- 
ministration and  financial  reforms  required  for  the 
navigation.  He  argues  against  the  suppression  of 
duties  levied  upon  the  canals,  which  only  repres- 
ent about  40  per  cent,  of  the  sums  which  the  State 
expands  annually  upon  the  water-ways;  but  he 
seeks  to  abolish  the  excessive  taxes  levied  under 
the  forms  of  navigation  licenses,  passes,  and  other 
eemi-official  semi-administrative  formalities,  which 
are  a  serious  impediment  to  the  traffic. 

As  to  the  organization  of  the  boat  service,  it  is 
argued  that  it  should  be  entirely  a  work  of  private 
enterprise.  M.  Krantz  concludes  his  report  by 
calling  for  the  assistance  of  those  most  interested 
in  the  matter,  to  advance  the  costs  of  improvement; 
for  this  work,  in  the  present  condition  of  the  French 
Treasury,  must  be  carried  out  without  aid  from 
the  Government. — Engineering. 

pUNBOAT  Service  in  France. — The  opinion 
\T  gains  ground  in  France,  as  well  as  elsewhere, 
that  powerful  gunboats  will  in  future  form  one  of 
the  most  important  branches  of  the  marine,  and 
Admiral  Pothnau  is  engaged  in  the  organization  of 
special  corps  of  workmen,  founders,  fitters,  and 
engineers  trained  in  the  building-,  fitting,  and  re- 
fitting of  gunboats  for  river  and  other  service,  but 
especially  the  former,  where  in  future  the  employ 
of  such  boats  should,  it  is  said,  be  general.  The 
maritime  prefects  of  Brest,  Cherbourg,  Rochefort, 


and  Toulon,  have  received  instructions  to  furnish 
all  possible  information  on  the  subject,  and  this 
fact  proves  pretty  clearly  that,  although  stress  is 
laid  on  gunboats  for  river  service,  the  new  organi- 
zation is  not  to  be  confined  to  them  alone. 

TILE  Tensas  and  Mobile  Bridge,  on  the 
Mobile  and  Montgomery  Railroad,  in  Ala- 
bama, extends  from  Tensas  station,  on  the  Mobile 
and  Montgomery  road,  to  the  city  of  Mobile,  a  dis- 
tance of  15  miles,  crossing  both  the  Mobile  and 
Tensas  rivers,  and  including  draws,  for  each  of  the 
navigable  channels  into  which  the  rivers  are  divided. 
The  bridge  itself  is  constructed  of  wood,  but  its 
pillars  or  supports  are  iron  cylinders,  which  rest 
on  a  solid  surface  of  wooden  piles,  driven  down 
evenly  with  the  bottom  of  the  stream  and  the  mud 
of  the  intervening  morasses.  It  has  been  three  years 
in  the  course  of  construction,  at  a  cost  of  about 
§1,500,000. 

T)  iband  Posts  and  Columns. — Telegraph  posts 
It  for  columns,  etc.,  manufactured  in  Manches- 
ter, are  formed  of  spirals  of  iron — ribands,  in  fact — 
supported  on  a  cast-iron  base,  and  surmounted 
with  a  capital  of  the  same  material.  A  slender  rod 
forms  the  axis  of  the  column,  or,  as  it  really  is,  a 
trellis-work  tube.  Compared  with  cast-iron  col- 
umns, these  structures  are  little  more  than  one- 
third  either  in  weight  or  cost,  while  in  appearance 
the  gain  is  decidedly  great.  For  conservatories  or 
other  horticultural  purposes  the  trellis  column 
should  be  very  suitable.  Such  a  pillar,  11  ft.  high 
and  8  in.  in  diameter,  is  guaranteed  to  support  a 
vertical  pressure  of  one  ton. 

HIGH  Pumping. — At  Triumph,  Pa.,  water  has 
to  be  lifted  from  the  Alleghany  River  to  the 
summit  of  Triumph  Hill,  a  vertical  heigdit  of  085 
ft.  The  horizontal  distance  is  two  and  three- 
quarter  miles.  The  pressure  per  square  inch  in 
the  water  cjdinders  of  the  steam  pumps  is  700  lbs. 
Three  pumps  are  used,  each  lifting  200,000  gallons 
every  24  hours.  The  steam  pumps  have  a  piston 
stroke  of  18  in. ;  the  diameters  of  tbe  steam  and 
water  cylinders  are  respectively  20  in.,  and  b' .  in. 
The  pressure  above  mentioned  in  the  water  cyl- 
inder closely  approaches  that  ordinarily  employed 
in  the  cylinders  of  hydraulic  presses. 


0T1DXAXCE  AND  NAYAL. 


1  contest  between  the  25-ton  gun  of  the  Hotspur 
and  the  turret  of  the  Glatton  is  almost  an  exact 
counterpart  of  that  obtained  by  the  trials  which 
took  place  on  Friday  the  loth  of  June,  1866,  when 
the  armor  of  the  Royal  Sovereign  was  at  acked  by 
the  9  in.  12^  ton  gun  of  the  Bellerophon,  and  this 
trial  again  hods  its  counterpart  in  September,  1861, 
when  Captain  Powell  conducted  a  lengthened  ex- 
periment against  the  cupola  gun  shield  of  Captain 
Coles  on  board  the  Trusty.  In  each  case  the 
heaviest  available  artillery  was  brought  to  bear 
against  the  shield  ;  in  1S61  the  100-pounder  Arm- 
strong attacked  the  light  cupola  defence ;  in  1866 
the  12|  in.  gun  was  resisted  by  the  5i  in.  plates, 
and  14  in.  of  teak  backing,  which  formed  the  pro- 
tection of  the  turret  of  the  Royal  Sovereign,  and  in 
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the  recent  trial,  the  25-ton  gun,  throwing  the  000- 
pound  shot,  was  repulsed  by  the  15  in.  of  armor 
backed  by  14  in.  of  teak,  which  was  opposed,  to  it 
on  board  the  Glatton. 

Satisfactory  as  these  results  are  in  one  respect, 
pointing  as  they  do  to  the  continual  precedence 
which  the  science  of  defence  takes  over  that  of  at- 
tack, it  must  nevertheless  be  borne  in  mind  that 
such  a  partial  and  peaceful  experiment  as  that  of 
Friday  last  cannot  be  compared  to  the  rough 
realities  of  Avar.  So  far  as  it  went,  however,  the 
trial  was  all  in  favor  of  the  turret,  and  while  we 
may  congratulate  ourselves  upon  the  power  of  re- 
sistance it  exhibited,  we  cannot  regard  with  satis- 
faction the  performance  of  the  gun.  True,  the 
Palliser  shots  stood  well  to  their  work,  the  first  one 
penetrating  through  14  in.  of  armor  plate,  and 
4  V  in.  of  wooden  backing,  and  making  a  gap  of  2  in. 
between  the  upper  and  lower  15  in.  outside  plates, 
while  the  second  shot,  glancing  on  the  glacisplate, 
penetrated  13^  in.  into  the  armor.  But  the  most 
unsatisfactory  part  of  the  trial  lay  in  the  difficulty 
experienced  in  getting  the  shots  to  go  where  they 
were  wanted.  Everything  was  in  favor  of  the 
guns,  far  more  in  their  favor  than  could  ever  be 
the  case  in  action ;  both  vessels  lay  securely 
moored  upon  the  motionless  water  of  a  harbor, 
and  within  200  years  of  one  another.  Under  these 
circumstances,  there  should  have  been  no  difficulty 
in  precise  firing.  Yet  the  four  trial  shots,  "wob- 
bling' as  is  their  wont,  played  around  the  bull's 
eyes  of  the  canvas  targets  in  uncertain  fashion ; 
whilst  the  fifth — the  first  directed  against  the 
turret — missed  it  altogether.  So  with  the  remain- 
ing two  shots,  both  of  which  were  18  in.  too  low. 
Now  this  inaccuracy  is  to  be  traced  to  the  same 
cause  which  has  proved  so  destructive  to  our  heavy 
guns — to  the  form  of  rifling  and  to  the  studs  upon 
the  projectile,  which  impart  an  erratic  impulse  to 
the  shot  while  in  the  gun,  at  the  expense  of  the 
propelling  force,  reducing  the  velocity  and  di- 
minishing the  striking  power  of  the  shot.  This 
result  was  anticipated  by  many  distinguished 
artillerists  present  at  the  trial,  who  were  well 
aware  that  the  French  rifling  gives  "  decidedly  the 
lowest  velocities,"  and  imparts  insufficient  rotation 
to  the  shot. 

But  if  the  work  performed  by  the  gun  was  un- 
satisfactory, at  least  the  result  given  by  the  turret 
and  the  gun  carriages  was  all  that  could  be  desired, 
the  former  being,  as  in  the  case  of  the  Royal 
Sovereign,  entirely  uninjured  so  far  as  its  moving 
capacity  was  concerned,  and  the  letter  remaining 
uaffected  by  the  shock  of  the  two  projectiles,  as 
was  shown  immediately  after  the  trial,  by  firing 
the  guns  mounted  upon  them. 

One  fact  is  worthy  of  notice,  that  the  concussion 
of  the  shot  against  the  turret  broke  away  a  num- 
ber of  rivet  heads,  which  were  scattered  with  con- 
siderable force,  and  which  would  probably  have 
caused  serious  casualties  had  the  guns  of  the  Glat- 
ton been  manned.  A  precisely  similar  effect  was 
produced  by  the  guns  of  the  Bellerophon  inside 
the  Royal  Sovereign's  turrets.  "We  should  have 
thought  that  the  few  lessons  taught  by  that  costly 
trial  would  not  have  been  forgotten,  and  that  the 
same  result  would  not  have  been  repeated  last 
week. 

Altogether  we  cannot  see  that  the  contest  of  last 
week  has  taught  us  much.  We  knew  before  as 
much  about  the  power  of  resistance  possessed  by 


the  Glatton  shield,  we  knew  as  much  of  the  un- 
certainty of  the  guns,  and  of  the  reliability  of  the 
Palliser  shot.  The  Royal  Sovereign  trial  proved 
conclusively  that  the  great  mass  of  iron  and  timber 
which  forms  the  turret  could  not  become  deranged 
by  two  blows  even  from  a  GOO  lbs.  shot,  and  we 
knew  that  the  concussion  from  such  projectiles 
would  call  into  existence  a  shower  of  bolts  and 
rivet  heads,  that  might  be  fatal  to  all  within  the 
turret. 

We  would  by  no  means  argue  against  occasional 
trials  of  the  untested  powersof  resistance  possessed 
by  any  given  ship,  but  we  think  that  these  trials 
might  be  better  carried  out  than  by  a  partial  d2- 
struction  of  the  strongest  armor  that  she  curries, 
and  which  has  been  well  tested  on  the  sands  at 
Shoeburyness. — EiKjnietriny. 

U'nmechanical  Rifling. — At  the  recent  meet- 
of  the  British  Association  at  Brighton  a  paper 
was  read  by  Mr.  W.  Hope,  V.P.,  "  On  the  Error  in 
the  Flight  of  Heavy  Projectiles,  due  to  the  Wool- 
wich System  of  Rifling  Ordnance."  And  in  the 
d3sjussion  which  followed,  Mr.  Charles  Mcrrifield, 
F.R.S.,  the  able  Principal  of  the  Royal  School 'of 
Naval  Architecture,  desired  to  speak  on  the  general 
question  of  the  Woolwich  rifling.  He  said  there 
was  a  close  analogy  between  a  screw  of  unirorm. 
pitch,  thp*t  was  a  screw  between  two  turns  of  which 
the  distance  was  always  uniform,  so  that  it  could 
turn  in  a  nut  without  jamming,  an  1  a  straight  bolt 
sliding  in  a  well-planed  grove,  or  an  eight-wheeled 
engine  running  on  a  straight  line  of  railway.  Al- 
tering the  pitch  (or  twist);of  a  screw  was  equivalent 
to  bending  the  slide  or  making  the  engine  g  j  round 
a  curve.  The  bolt  would  not  run  in  a  bent  slid9 
unless  the  bolt  bent  also,  and  in  order  to  rnake  a 
long  engine  go  round  a  curve,  engineers  ha  1  adopt- 
ed the  device  of  the  bogie  carriage.  Now  a  rifled 
shot  could  not  have  a  bogie  carriage,  or  even  a  joint. 
As  a  result,  instead  of  the  Woolwich  shot  having 
flanges  exactly  fitting  the  gun,  it  was  made  to  take 
the  rifling  by  means  of  two  rings  of  soft  brass  studs. 
The  projectiles  had  to  be  weakened  along  regular 
lines  in  order  to  receive  these,  and  they  gave  lines 
of  weakness  resembling  those  purposely  made  to 
facilitate  the  breaking  of  postage  stamps  from  one 
another.  This  weakness  impaired  the  destructive 
effect  of  the  shot.  The  onh'-  reasonable  ground 
which  he  had  ever  heard  assigned  for  adopting  this 
increasing  pitch  was  the  idea  that  the  powder  act- 
ed upon  the  rear  of  the  shot  very  suddenly,  like  a 
kick  given  to  a  door,  and  that,  consequently,  the 
shot  was  impeded,  and  the  strain  in  the  gun  in- 
creased, if  it  had  suddenly  to  take  up  a  considera- 
ble amount  of  rotation.  But  there  was  really  no 
such  abrupt  action,  and  there  was  less  excuse  for 
the  statement  now  than  formerly,  in  consequence 
of  the  introduction  of  a  slowly-burning  powder, 
Avhich  produces  less  shock  at  first,  while  it  gave 
the  same  muzzle  velocity.  Alluding  to  Mr.  Chad- 
wick's  remark  that  the  Woolwich  authorities  were 
under  the  disadvantage  of  having  inferior  metal  to 
that  used  by  Sir  Joseph  Whitworth,  he  fully  ad- 
mitted this  to  be  the  case,  but  considered  it  to  be  an 
additional  reason  for  avoiding  a  system  of  rifling 
which  tried  the  gun  so  unnecessarily  as  the  W  ool- 
wich  system.  While  the  ordinary  and  proper 
"life"  of  a  large  gun  was  reckoned  at  1,200  or 
1,300  rounds  at  least,  the  12  l.i  ton  gun  in  the 
Plucky    was  not  allowed   to  fire   more  than  400 
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shot,  and  had  actually  been  changed  twice,  for  the 
boat  to  fire  less  than  1,200  rounds,  the  guns  first 
used  being  returned  to  Woolwich.  He  also  called 
attention  to  the  limit  imposed  by  the  system  of 
rifling  both  on  the  size  of  the  guns  and  on  the 
length  of  the  shot ;  for  the  increase  of  these  could 
not  be  met  by  a  corresponding  increase  in  the 
pitch  of  the  rifling  or  of  the  distance  between  the 
studs.  Naval  designers  were  very  much  hampered 
in  their  work  by  this  restriction  of  the  efficiency  of 
the  implement,  which  was  really  the  foundation 
and  mechanical  unit  of  their  design  of  ships  of 
war.  After  briefly  describing  the  advantages  and 
defects  of  the  Whitworth  system,  Mr.  Merrifield 
went  on  to  say  that  the  consent  of  all  mechanicians 
and  engineers  with  whom  he  had  ever  conversed 
•was  absolutely  unanimous  in  the  condemnation  of 
the  Woolwich  system  of  rifling,  and  that  he  had 
never  heard  any  serious  defence  of  it.  He  could 
not  attribute  personal  motives  to  any  one,  but  he 
could  not  conceive  of  any  reason  why  the  authorities 
persisted  in  the  use  of  the  Woolwich  system,  except 
sheer  obstinacy  and  unwillingness  to  admit  that 
they  were  in  the  wrong — qualities  of  great  value 
in  an  officer  intrusted  with  the  defence  of  a  for- 
tress, but  very  bad  qualities  in  officers  charged  with 
the  superintendence  of  mechanical  work. — Engi- 
neering. 
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G.  Walton,  C.  E.,  acting  executive  municipal  engi- 
neer, Bombay  ;  and  matter  on  the  subject  of  the 
Delhi  Iron  Pillar,  with  a  frontispiece. — "Papers  on 
Subjects  connected  with  the  Duties  of  the  Corps  of 
Royal  Engineers.  New  series,  vol.  xx.  Printed 
by  Jackson  &  Sons,  Wolwicn.  1872.  Includes 
notes  on  earthworks,  demolition  of  bridges,  huts 
in  war,  rails  and  turn-tables,  tunnels,  etc. 

On  Co  At,  with  Reference  to  its  Screening, 
Transport,  etc.  By  Fred.  Chas.  Danverp, 
Assoc.  Inst.  C.E.,  Assoc.  Soc.  Tel.  Eng.,  of  the 
Public  Works  Department,  India  Office,  and  late 
member  of  the  Council  of  the  Society  of  Engineers, 
London.  Printed  by  order  of  the  Secretary  of 
State  for  India  in  Council.  London  :  W.  H.  Al- 
len, 13  Waterloo  Place.  For  sale  by  Van  Nos- 
trand. 

The  above  work,  which  also  bears  upon  its  cover 
the  briefer  title  of  "  Coal  Economy,"  comes  before 
the  public  at  an  opportune  moment.  Every  one 
nowadays  is  interested  in  knowing  what  are  the 
existing  sources  of  waste,  and  in  becoming  inform- 
ed as  to  the  means  by  which  they  are  to  be  avoided. 

The  recently-published    report    of    the    Royal 


Commission  on  coal  supply  has  furnished  an 
enormous  amount  of  information  as  to  its  sources, 
the  loss  which  takes  place  in  working,  and  the 
waste  which  ensues  during  its  consumption;  but  it 
leaves  comparatively  untouched  the  treatment  to 
which  the  coal  is  subjected  on  its  way  from  the  pit 
to  the  consumer ;  and  it  is  this  branch  of  the  sub- 
ject on  which  the  book  before  us  more  especially 
bears.  Mr.  Danvers,  however,  gives  some  space  to 
the  consideration  of  other  matters  connected  with 
the  great  question  of  "  coal  economy." 

The  treatise  was  first  commenced  in  the  form  of 
a  report  on  tNe  subject  to  the  Indian  Government. 
This  report  was  approved  and  ordered  to  be  print- 
ed by  the  Secretary  of  State  for  India  in  Council, 
for  circulation  in  India ;  but  the  author  j  ustly  con- 
sidered that  the  work  would  possess  some  interest 
for  the  general  public.  In  the  first  chapter  of 
the  work,  after  some  data  referring  to  the  coal 
supply  in  India,  the  author  explains  the  general 
scope  of  his  investigations  concerning  the  screen- 
ing, transport,  haulage,  and  storage  of  coal,  as  at 
present  practised  in  this  country.  Mr.  Danvers 
observes  that  he  has  been  able  to  discover  no  pub- 
lished books  or  papers  whatever  bearing  upon  these 
subjects,  and  the  information  conveyed  in  his  book, 
therefore,  is  the  result  of  direct  personal  investiga- 
tions made  in  the  South  Wales  and  Northumber- 
land and  Durham  districts.  The  special  character- 
istic of  "  Coal  Economy  '  is  that  it  treats  of  sub- 
jects on  which  all  who  are  concerned  in  coal  supply 
should  be  well  informed  ;  but  respecting  which  it 
has  appeared  hitherto  to  be  nobody's  business  to 
collect  information  for  the  public  use. 

Mr.  Danvers  does  not  treat  of  the  underground 
working  of  collieries,  but  takes  the  coal  in  hand  at 
the  pit's  mouth,  and  traces  its  course  and  treatment 
until  it  arrives  at  the  consumer.  His  second  chap- 
ter, which  is  headed  "  At  the  Colliery,"  com- 
mences with  some  remarks  on  the  "altogether  coal," 
and  "  separation '  systems  of  working  collieries 
(the  small  coal  being,  according  to  the  former, 
raised  to  the  surface,  while,  according  to  the  latter, 
it  is  left  in  the  pit),  and  he  gives  some  interesting 
data  derived  from  actual  observation  as  to  the 
proportion  of  coal  of  different  sizes  obtained  in 
various  cases.  Then  follow  descriptions,  illustrat- 
ed by  lithographs  of  the  trams  in  use  in  different 
districts  for  carrying  the  coal,  notes  on  the  arrange- 
ments of  the  "  heapstead  '  at  the  pit's  mouth,  and 
very  complete  accounts  of  the  principal  varieties  of 
screens  in  use,  and  their  accessories,  lithographed 
plates  of  a  number  of  screens  accompanying  the 
descriptions.  Mr.  Danvers  adduces  many  facts 
showing  the  losses  at  present  caused  by  over- 
screening,  and  these  are  worthy  of  special  notice. 

Chapter  II I.  deals  with  the  transport  of  coal  by 
rail,  and  commences  with  some  observations  on  the 
breakage  which  takes  place  during  transit.  Mr. 
Danvers  does  not  think  that  the  amount  of  disin- 
tegration which  takes  place  in  the  wagons  increases 
in  proportion  with  the  length  of  the  journey,  but 
that  the  breakage  is  influenced  in  an  important 
degree  by  the  amount  of  shunting  to  which  the 
trains  are  subjected. 

In  his  fourth  chapter  Mr.  Danvers  deals  with  the 
treatment  of  the  coal  on  its  arrival  at  the  depot, 
and  points  out  the  deterioration  to  which  coal 
is  subjected  by  exposure  to  atmospheric  influences. 
The  various  arrangements  of  depots  are  also  de- 
scribed, and  their  advantages  and.  disadvantages 
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pointed  out,  while  an  account  is  given  of  various 
forms  of  screens. 

That  important  branch  of  the  subject — the  ship- 
ment of  coal — is  considered  in  the  fifth  chapter, 
which  contains  illustrated  accounts  of  the  arrange- 
ments in  use  on  the  Tyne,  and  at  Swansea,  Cardiff, 
and  Penarth,  as  well  as  particulars  of  the  arrange- 
ments for  discharging  coal  into  canal  barges  em- 
ployed in  connection  with  some  of  our  railways. 

Next  Mr.  Danvei-s  treats  of  the  utilization  of 
small  coal,  and  his  sixth  chapter,  is  especially  valu- 
able, as  it  affords  in  a  concise  form  a  general  sum- 
mary of  the  plans  Avhich  have  been  brought  into 
use  for  turning  small  coal  to  good  account. 

The  author  s  accounts  of  the  various  appliances 
and  machinery  which  he  describes  are  clearly  writ- 
ten, and  contain  an  amount  of  thoroughly  detailed 
information  which  renders  them  especially  valua- 
ble.— Engineering. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 
By  Frederick  Rogers.  London :  R.  A. 
Sprigg,  Atchley  &  Co.  For  sale  by  Van  Nostrand. 
This  volume  has  been  prepared  on  the  basis  of 
Bartholomew's  work,  which  in  its  day  rendered 
good  service  to  the  profession.  It  is  devoted  mainly 
to  specifications  for  dwelling-houses  of  different 
classes,  colleges,  mansions,  villas,  and  rectories, 
with  a  few  for  churches,  schools,  farm-buildings, 
and  a  workhouse.  Altogether  there  are  twenty- 
seven  forms  of  specification.  Every  architect  has, 
of  course,  a  type  of  his  own  to  which  he  is  more  or 
less  partial,  but  the  young  practitioner  especially 
may  find  much  in  the  volume  which  is  suggestive. 
Eor  our  own  part  we  have  a  preference  for  speci- 
fications which  may  not  be  "  models,'  but  have 
actually  been  employed,  which  have  no  blank 
spaces  in  them,  but  bear  the  names  of  the  archi- 
tects and  builders ;  but  possibly  these  would  not 
be  capable  of  as  extensive  use  as  those  in  the  pres- 
ent volume.  We  think  Mr.  Rogers  might  have 
been  a  little  more  precise  in  some  things,  such  as 
in  cast-iron  columns,  for  in  no  case  does  he  men- 
tion the  thickness  of  the  shaft — in  specifying  tests ; 
.and  we  do  not  think  there  is  any  mention  of 
wrought-iron  girders  in  the  volume.  These  things, 
however,  can  easily  be  amended  in  another  edition. 
— Architect. 

ILLUSTRATED     CATALOGUE     OF      LOCOMOTIVES 
MADE       BY       THE       BALDWIN       LOCOMOTIVE 

Works. — Privately  printed  by  J.  B.  Lippincott  & 
Co.,  Philadelphia.    1872. 

It  has  become  so  much  a  matter  of  course  to  step 
on  a  train  in  one  city,  and  to  be  whirled  away  over 
the  continent  at  a  rate  of  forty  miles  an  hour,  and 
to  be  landed  at  any  station  at  the  exact  moment 
given  by  the  imperious  time-table,  that  the 
traveller  remembers  with  feelings  of  wonder,  if  he 
remembers  at  all,  that  the  Rocket  locomotive  engine 
of  George  Stephenson  is  but  43  years  old,  and  that 
the  celebrated  Rainhill  contest,  from  which  time 
the  problem  of  rapid  land  travel  was  solved,  took 
place  in  1829. 

The  "Lives  of  George  and  Robert  Stephenson," 
by  Mr.  Samuel  Smiles,  is  an  excellent  history  of 
the  early  progress  in  solving  the  problem,  and  of 
its  later  development  in  England,  and  the  book 
owes  its  interest  to  the  share  which  the  general 
public  feels  in  all  connected  with  such  improve- 
ments. 


To  the  "  Illustrated  Catalogue "  is  prefixed  a 
brief  history,  by  an  able  hand,  of  American  efforts 
in  the  same  direction  and  it  is  on  this  account 
well  worthy  of  notice.  The  Baldwin  Works  are 
now  the  largest  in  the  world,  and  are  exporting 
engines  to  South  America  and  to  Europe,  and  a 
view  of  their  rise  will  be  found  to  be  a  view  of  the 
rise  of  the  present  system  of  rapid  locomotion, 
seen  from  its  mechanical  side. 

In  its  forty-five  pages  is  given  a  sketch  of  the 
changes  in  the  locomotive  engine  from  the  early 
engines  of  the  "  Planet "  class  through  many  and 
various  stages  to  the  present  fast  passenger  engine 
with  (5  ft.  drivers,  capable  of  running  sixty  miles 
an  hour,  and  to  the  modern  freight  engine  which 
will  haul  a  load  on  a  level,  of  2,0U0gross  tons,  and 
which  has  eight  drivers  and  weighs  96,000  lbs. 

The  first  locomotive  of  the  Works  was  the 
"  Ironsides,"  and  the  faith  of  the  Company  by  which 
it  was  owned  vthe  Germantown  and  Norristown  E. 
R.  Co.)  in  its  performance  may  be  judged  of  by 
the  following  advertisement  of  its  trips: 

"  Notice  :  The  locomotive  engine  vbuilt  by  M. 
W.  Baldwin  of  this  city)  will  depart  daily  when 
the  weather  is  fair,  with  a  train  of  passenger  cars. 
On  rainy  days  horses  will  be  attached." 

Succeding  this  engine  came  others  whose  history 
gives  us  a  correct  idea  of  the  many  problems  to  be 
solved,  which  to  day  and  to  us  seem  to  have  always 
been  known:  how  to  burn  the  various  kinds  of 
fuel,  how  to  gain  the  proper  amount  of  adhesion 
for  traction,  how  to  arrange  the  cut-off,  the  tubing 
of  the  boilers—  these  and  a  hundred  more  questions 
the  practical  skill  of  the  early  railway  men  of  the 
United  States  gradually  answered. 

How  recently  this  has  been  done  in  some  cases 
may  be  seen  in  the  fact  that  steel  tires  were  first 
used  in  1803,  and  that  steel  fire-boxes  were  not 
used  till  1862,  when  the  Pennsylvania  R.  R.  had 
already  230  completed  engines. 

As  a  contribution  to  the  history  of  Railroad 
Engineering  in  America  this  little  essay  is  parti- 
cularly valuable,  and  it  is  done  in  a  very  excellent 
manner.  We  should  hardly  expect  witticisms  in 
a  descriptive  catalogue,  but  we  find  that  of  one 
class  of  engines  "  all  were  short-lived,  and  died 
young,  of  insufficient  adhesion." 

The  typographical  execution  of  the  work  is  of 
the  very  best,  and  it  is  illustrated  by  photographs  of 
the  completed  engines.  These  features,  with  its 
other  excellences,  render  it  a  valuable  book,  and 
an  interesting  contribution  to  an  interesting 
History. 

Healthy  Houses:  A  Hand-Book  of  the 
History,  Defects,  and  Remedies  of 
Drainage,  Ventilation,  and  Warming.  With 
upward  of  three  hundred  illustrations.  By  Wil- 
liam Eassie,  C.  E.     For  sale  by  A'an  Nostrand. 

This  is  an  excellent  little  manual  on  sanitary 
science,  intended,  as  the  author  observes,  to  be  a 
record  of  facts — of  acquired  experiences  and  pub- 
lished inventions  in  relation  to  house-construe tion. 
It  is  both  scientific  and  practical,  the  science  being 
universal,  and  the  practice  English.  But  from  ahv- 
gienic  point  of  view,  the  subject  of  house-construc- 
tion is  much  the  same  in  given  latitudes.  Human 
life  and  its  conditions  being  everywhere  similar, 
wherever  the  largest  number  are  "  to  be  fed.  housed, 
educated,  amused,  enriched,  and  all  in  the  smallest 
possible  space,"  which   is   Mr.  Eassie's   ideal  of  a 


660 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


dwelling,  the  same  questions  must  constantly  arise, 
the  same  dangers  are  to  be  avoided,  and  the  same 
advantages  secured.  The  author  has  compressed  an 
enormous  amount  of  valuable  information  on  the 
subject  of  sanitary  construction  within  very  nar- 
row limits,  and  his  book  is  written  in  an  unusually 
compressed  and  pithy  style.  He  gives  descriptions 
of  the  best  contrivances  in  use  for  attaining  salu- 
brity in  all  parts  of  the  dwelling,  and  furnishes 
the  reader  with  exact  estimates  of  their  cost.  His 
book,  indeed,  is  a  condensed  report  upon  the  pres- 
ent state  of  art  and  science  in  England  as  applied 
to  the  utilities  of  household  arrangement  and  con- 
struction.— Popular  Science  Monthly. 

Hand-Book  of  Chemical  Technology.  By 
Rudolf  Wagner,  Ph.  D.,  translated  by 
W.M.  Crookes,  ¥.  R.  S.  New  York.  Eor  sale  by 
D.  Van  Ndstrand. 

The  present  edition  of  this  exceedingly  valuable 
work  is  translated  from  the  eighth  and  last  Ger- 
man edition.  It  is  a  complete  cyclopasdia  of  chemi- 
cal processes.  The  contents  of  the  work  appear 
under  eight  divisions,  and  are  in  order  as  follows : 
1st.  Chemical  Metallurgy,  alloys  and  preparations 
made  and  obtained  from  metals.  2d.  Crude  ma- 
terials and  products  of  chemical  industry.  3d. 
Technology  of  glass,  ceramic  ware,  gypsum,  lime 
and  mortar.  4th.  Vegetable  fibres  and  their  tech- 
nical application.  5th.  Animal  substances  and 
their  industrial  application.  6th.  Dyeing  and  calico 
printing.  7th.  The  materials  and  apparatus  for 
producing  artificial  light.  8ch.  Fuel  and  heating- 
apparatus.  The  wood-cut  illustrations,  some  '640 
in  number,  abundantly  illustrate  the  processes 
described  in  the  text. 


MISCELLANEOas. 

]ime  a  Preserver  of  Wood. — Lime  is  likely 
J  to  be  used  largely  as  a  preserver  of  wood.  It 
has  lately  been  discovered  that  vessels  which  carry 
lime  last  much  longer  than  others.  For  a  block 
pavement  it  is  said  an  application  of  lime  can  be 
successfully  made.  In  frame-houses,  the  space  be- 
tween the  lath  and  siding  could  be  filled  com- 
pactly with  lime,  and  the  usual  decay  prevented 
at  no  very  large  expense.  In  regard  to  lime  in 
connection  with  ship  timber,  the  experience  of  an 
old  ship-builder  on  the  coast  of  Maine,  published 
in  the  "Mechanics'  Magazine,"  is  of  interest. 

He  had  been  in  the  habit  of  filling  up  the  spaces 
between  the  timbers  with  hard  stone  lime,  and 
ramming  it  in,  calculating  that  slight  leaks  would 
cause  the  lime  to  expand  and  fill  the  crevices. 
Long  observations  had  led  him  to  consider  lime  a 
good  preservative.  A  coasting  schooner,  built  of 
Maine  timber,  unseasoned,  and  loaded  with  lime, 
had  gone  ashore  and  bilged.  Being  raised  and  re- 
paired, the  schooner  remained  sound  for  thirty 
years,  with  exception  of  the  wood  that  had  been 
used  in  making  the  repairs.  It  had  been  noticed, 
also,  that  the  vessels  carrying  cargoes  of  lime  gen- 
erally lasted  longer  than  others.  But  the  most 
striking  case  was  that  of  a  platform  of  pine  planks, 
used  to  mix  mortar  on,  and  that  had  been  em- 
ployed by  father,  son,  and  grandson,  and,  being  no 
longer  needed,  was  suffered  to  remain  on  the 
ground  and  became  overgrown  "with  grass  and 
weeds.  After  a  period  of  sixty  years,  having  oc- 
casion to  use  the  ground,  the  planks  were  removed, 


and  found  to   be   as   firm  and  hard  as  when  first 
laid  down. 

ANew  Life  Preserver. — A  correspondent, 
Mr.  S.  H.  Starr,  writes  as  follows:  "I  sug- 
gest the  following  as  an  improvement:  A  rubber 
garment  like  a  pair  of  trousers,  boots  and  all  in 
one,  lined  with  woollen  stuff,  reaching  from  the 
soles  of  the  feet  to  the  armpits,  into  which  the  per- 
son could  thrust  himself  or  herself,  and  then  secure 
the  garment  in  place  by  straps  passing  over  the 
shoulders.  Inside  or  outside  of  the  garment  under 
the  arms,  reaching  down  not  much  below  the  chest 
and  forming  a  part  of  the  garment,  should  be  the 
buoying  device,  say  an  air-chamber  surrounding 
the  garment,  or  better,  a  chamber  filled  with 
cork  chips  ;  for  when  so  filled  an  accidental  leak 
will  not  destroy  its  buoyant  qualities.  Such  a 
garment  would  securely  buoy  the  body,  and  at  the 
same  time  protect  it  from  wet  and  cold." 

I^choes  in  Public  Halls.— Architects  and  en- 
J  gineers  are  greatly  puzzled  mmy  times  to 
prevent  echoes  and  annoying  resonances  in  large 
high  halls,  and  so  too  in  depots.  The  latter  build- 
ings must  almost  necessarily  be  built  so  high  be- 
tween the  joints,  that  almost  the  least  noise  in 
them,  unless  when  pretty  fully  occcupied  by  cars, 
etc.,  becomes  a  painful  nuisance  to  the  ear.  The 
Bloomington  "  Pantagraph"  alludes  to  just  such  a 
difficulty  in  the  new  Court  House  there,  and  its 
effectual  remedy.  A  gentleman,  Mr.  "VV.  S.  Car- 
lock,  suggested  that  the  stretching  ot  small  wires 
at  a  proper  height  and  at  suitable  distances,  would 
be  of  great  benefit.  This  was  tried,  and  the  effect 
proves  to  be  a  vast  improvement.  From  having 
been  almost  impossible  to  hear  a  speaker,  there  was 
no  difficulty  experienced  in  hearing  an  address  to 
a  jury  delivered  in  easy  conversational  tones  of 
voice.  In  any  part  of  the  room,  from  the  remote 
corners  to  the  centre,  it  was  about  the  same.  The 
theory  is  that  the  wires  so  small  as  to  be  hardly 
visible)  break  the  sound  waves  and  prevent  the 
reverberation,  hitherto  the  chief  obstacle  and  an- 
noyance. Three  or  four  wires  only,  crossing  the 
room,  were  found  sufficient  to  effect  this  wonder-  • 
ful  change.  The  subject  is  well  worthy  of  the  care- 
ful attention  of  engineers  in  putting  up  new 
depots.  If  practicable,  the  cure  is  certainly  a 
cheap  one. — Am.  Bailway  Times. 

To  Cut  and  Bore  India-rubber  Stoppers. — 
In  a  letter  to  the  "  Chemical  News, '  Mr.  W. 
F.  Donking  6ays : — '  Dip  the  knife,  or  cork-borer, 
in  a  solution  of  caustic  potash  or  soda.  The  strength 
is  of  very  little  consequence,  but  it  should  not  be 
weaker  than  the  ordinary  re-agent  solution.  Alco- 
hol is  generally  recommended,  and  it  works  well 
until  it  evaporates,  which  is  generally  long  before 
the  cork  is  cut  or  bored  through,  and  more  has  to 
be  applied ;  water  acts  just  as  well  as  alcohol,  and 
lasts  longer.  When,  however,  a  tolerably  sharp 
knife  is  moistened  with  soda-lye,  it  goes  through 
india-rubber  quite  as  easily  as  common  cork  ;  and 
the  same  may  be  said  of  a  cork-borer,  of  whatever 
size.  I  have  frequently  bored  inch  holes  in  large 
caoutchouc  stoppers,  perfectly  smooth  and  cylin- 
drical, by  this  method.  In  order  to  finish  the  hole 
without  the  usual  contraction  of  its  diameter,  the 
stopper  should  be  held  firmly  against  a  flat  surface 
of  common  cork  till  the  borer  passes  into  the  latter. 
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THE  SOURCE  OF  SOLAR  ENERGY. 
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All  incandescent  bodies  shrink  rapidly  if 
permitted  to  radiate  freely,  the  rate  being 
nearly  proportional  to  the  degree  of  incan- 
descence. The  enormous  temperature  main- 
tained at  the  surface  of  the  sun  must  there- 
fore produce  rapid  shrinking,  although  we 
do  not  know  the  rate  by  actual  observa- 
tion. We  know,  however,  what  amount  of 
mechanical  energy  the  sun  parts  with  in  a 
given  time,  and  we  know  the  size  and  the 
specific  gravity  of  the  solar  mass. 

Demonstration  is  not  needed  to  prove  that 
motion  of  the  particles  within  a  spherical 
body  towards  the  centre,  caused  by  attrac- 
tion, develops  a  certain  amount  of  mechan- 
ical energy  resulting  in  the  generation  of 
heat  within  the  mass.  Nor  is  it  necessary 
to  show  that  the  fixed  relations  between 
heat  and  energy  enables  us  to  determine 
the  extent  of  contraction  produced  by  gravi- 
tation, during  cooling,  if  we  can  ascertain 
the  amount  of  heat  radiated  in  a  given 
time,  by  a  sphere  of  known  size  and  speci- 
fic gravity.  With  reference  to  the  sun,  the 
elements  thus  specified  are  of  the  following 
magnitudes :  Heat  radiated  per  minute, 
312,000  thermal  units  from  one  square  foot 
of  surface  ;  diameter,  852,584  miles  ;  spe- 
cific gravity,  0.250  compared  to  that  of 
the  earth,  or  5.50  X  0.25U  =  1.37  of  water. 
Hence,  assuming  that  the  mass  is  homo- 
geneous, the  weight  of  one  cubic  foot  of 
the  matter  composing  the  sun  will  be 
62.5  X  1.37  =  85.(5  lbs.  It  will  be  seen, 
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presently,  that  in  case  the  sun's  mass 
is  not  homogeneous,  the  want  of  homoge- 
neity will  not  materially  affect  the  question 
of  attraction  and  the  resulting  energy.  At 
first  sight,  it  would  appear  that  no  probable 
amount  of  contraction  of  the  sun  could  de- 
velop by  gravitation  towards  the  centre,  an 
amount  of  dynamic  energy  of  312,000  X 
772  =  240,864,000  foot-pounds  per  minute, 
for  each  square  foot  of  the  solar  surface. 
Yet,  so  vast  is  the  mass  contained  in  a 
spherical  pyramid,  the  base  of  which  is  one 
square  foot,  and  whose  length  is  equal  to 
the  sun's  radius,  that  a  very  small  longitu- 
dinal contraction  suffices  to  develop  by 
gravitation  towards  the  sun's  centre,  the 
stated  enormous  dynamic  energy.  It  will 
be  readily  understood  that  the  energy  de- 
veloped by  the  shrinking  of  a  spherical  pyra- 
mid, the  sides  of  which  are  sectors  of  the 
great  circle  of  the  sun,  will  represent  accu- 
rately the  energy  produced  by  the  shrink- 
ing of  the  entire  mass.  And,  in  view  of 
the  great  dimensions  of  the  sun  and  the 
formidable  array  of  figures  involved  in  the 
computation  of  the  energy  exerted  within 
the  entire  sphere,  the  advantage  of  consid- 
ering only  the  mass  covered  by  a  single 
square  foot  of  the  solar  surface  will  be  evi- 
dent. 

Let  I  Iv  S,  Fig.  1,  represent  the  great 
circle  of  the  sun,  a  m  a'  the  spherical  pyra- 
mid referred  to,  and  Fig.  2,  the  said  pyra- 
mid drawn  to  a  larger  scale,  its  axis  being 
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divided  into  ten  equal  parts.  It  is  proposed 
to  ascertain  what  extent  of  longitudinal 
contraction  of  the  spherical  pyramid  a  m  a' 
is  necessary  to  produce  an  amount  of  dynam- 
ic energy  corresponding  with  that  devel- 
oped by  the  radiation  from  1  sq.  ft.  of  the 
solar  surface  in  a  given  time.  The  investi- 
gation -will  be  somewhat  facilitated  if  we 
compute  the  amount  of  energy  developed  by 
a  definite  contraction  of  the  sun's  radius, 
say  one  foot.    Let  us,  therefore,  suppose  that 


a  a',   the  distance   of  which   is 


852,584 

2 


X 


5,280  =  2,250,821,760  ft.  from  m,  has  fal- 
len through  a  space  of  one  foot,  the  inter- 


mediate  points   b,   c,  d,  etc.,    participating 
pi'oportionably  in  the  fall.     Assuming  that 
the  solar  mass  remains  homogeneous  dur- 
ing the  contraction,  it  follows  from  Newton's 
demonstration  ("Principia"  Lib.  i.,   Prop. 
LXXIII)  that,  since  a  particle  just  within 
the   circumference  of  the  sphere   at  a,   is 
ten  times  further  from  the   centre  tn  than 
a  particle  at  /,  the  former  will  be  attracted 
towards  m  with  ten  times  greater  force  than 
,  the   latter.     It   will   be   readily   perceived 
I  that,  for   a   given   movement   towards   the 
I  centre,    the    quantity    of    matter    put    in 
'  motion   at   a,  will  be  greater   than  at  I,  in 
i  the  ratio  of  the  squares  of  a,  a'  and  I,  1  or 


FU.  / 


100 :  1.  Hence  in  accordance  with  the 
demonstration  referred  to,  a  given  radial 
depth  of  the  solar  mass  at  a,  will  exert  a 
force  towards  m,  10  X  100  =  1,000  times 
greater  than  an  equal  radial  depth  at  I.  But 
in  computing  the  dynamic  energy  developed 
by  the  shrinking  of  the  sun,  it  must  be 
borne  in  mind  that  a  particle  at  a  falls 
through  a  distance  ten  times  greater  than  a 
particle  at  I.  The  length  of  the  ordinates 
of  the  curve  p  t,  Pig.  3,  representing  the  \ 
ratio  of  dynamic  energy  developed  at 
the  respective  distances  from  the  sun's 
centre,  has  been  calculated  accordingly.  A 
cursory  examination  of  Pig  2,  can  scarcely 


fail  to  lead  to  the  conclusion,  that  the  mass 
composing  the  smaller  sections  of  the 
spherical  pyramid  towards  the  centre  of  the 
sphere,  will  be  attracted  by  the  larger  mass 
composing  the  sections  towards  the  circum- 
ference. Newton  has  disposed  of  this  ques- 
tion by  a  geometrical  demonstration,  which, 
considering  the  form  of  the  attracting  mass, 
and  the  extreme  complication  arising  from 
the  varying  direction  and  unequal  magni- 
tude of  the  attracting  forces,  may  be  regard- 
ed as  one  of  the  most  elegant  of  his  masterly 
demonstrations  of  important  propositions 
and  theorems.  It  will  be  evident  on  reflec- 
tion that,  unless  it  can  be  proved  that  a 
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particle  at  P,  is  not  attracted  by  any  portion 
of  the  mass  contained  within  the  outer 
spherical  superficies  IKS  and  the  interior 
spherical  superficies  P  p,  the  mass  compos- 
ing the  sections  near  the  base  of  the  spheri- 
cal pyramid  will  exert  the  disturbing  attrac- 
tion before  alluded  to.     Our  demonstration 


of  the  energy  produced  by  the  attraction  of 
the  matter  within  the  sun,  during  shrinking, 
falls  to  the  ground  unless  it  can  be  shown 
that  every  particle  composing  the  spherical 
pyramid,  is  in  perfect  repose  as  regards  the 
attraction  exerted  by  exterior  particles. 
The  great  geometer  thus   establishes  that 


JfyJ 


Fiff.3 


1OOO0 


d\ 


f\ 


Hi 


inr 


<ff5  61 
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2401 
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repose  : — Let   H    I  K    L  be   a    spherical  |  Through  P  let  there  be  drawn  to  this  super- 
superficies  and  P  a  corpuscle  placed  within.*    ficies  the   two  lines  H  K,  I  L,  intersecting 


*  Sir  Isaac  Newton  in  h>s  demonstrations  relating  to  spherical 
bodies  supposed  these  to  be  composed  of  an  infinite  number  of 
spherical  superficies,  the  thickness  of  which  he  thus  defines: 
"  By  the  superficies  of  which  I  here  imagine  the  solids  compos- 


ed, I  do  not  mean  superficies  purely  mathematical,  but  orb3 
so  extremely  thin,  that  their  thickness  is  as  nothing  ;  that  is, 
the  evanescent  orbs  of  which  the  sphere  will  at  last  consist, 
when  the  number  of  the  orbs  is  increased,  and  their  thickness 
diminished  without  end." 


564 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


very  small  arcs  HI,  K  L  ;  and  because  the 
triangles  H  P  I,  L  P  K,  are  homogeneous, 
those  arcs  will  be  proportional  to  the  dis- 
tances HP,  LP,  and  any  particles  at  H  I 
and  K  L  of  the  spherical  superficies,  ter- 
minated by  right  lines  passing  through  P, 
will  be  in  duplicate  ratio  of  those  distances. 
Therefore  the  forces  of  these  particles  exert- 
ed upon  the  body  P,  are  equal  between  them- 
selves. For  the  forces  are  as  the  particles 
directly,  and  the  squares  of  the  distances 
inversely.  And  these  two  ratios  compose 
the  ratio  of  equality.  The  attractions,  there- 
fore, being  made  equally  towards  contrary 
parts,  destroy  each  other.  And,  by  a  like 
reasoning,  all  the  attractions  through  the 
whule  spherical  superficies  are  destroyed  by 
contrary  attractions.  Therefore  the  body 
P  will  not  be  anyway  impelled  by  those 
attractions. 

Preferring  to  Fig.  3,  let  us  recollect  that 
the  ordinates  of  the  curve  p  t,  do  not  indi- 
cate the  force  exerted  by  mere  attraction. 
As  already  stated,  their  length  represents 
the  dynamic  energy  developed  at  definite 
distances  between  the  centre  and  the  cir- 
cumference of  the  sphere.  The  energy  ac- 
tually produced  is  represented  by  the  super- 
ficies op  t,  while  the  rectangle  o  p  u  t  re- 
presents the  energy  that  would  be  called 
forth  if  the  force  exerted  at  every  point  of 
the  axis  of  the  spherical  pyramid  were  the 
same  as  that  exerted  at  a  a'.  Our  space 
will  not  admit  of  introducing  the  calcula- 
tions by  which  the  energy  represented  by 
the  ordinates  of  the  curve  p  t,  have  been 
compxited.  It  will  be  proper,  however,  to 
call  attention  to  the  fact  that  the  energy  ex- 
erted at  each  of  the  divisions  of  the  base 
line  o  t,  is  definite  ;  hence  the  length  of  the 
ordinates  is  exact.  Calculations  based  on 
the  data  thus  furnished  show  that  the  su- 
perficies op  t  is  0.20015  of  the  superficies 
o  p  u  t. 

We  have  before  stated  that  the  want  of 
homogeneity  of  the  solar  mass  will  not  ma- 
terially affect  the  amount  of  energy  devel- 
oped by  the  gravitating  force  during  the 
sun's  shrinking.  Referring  to  the  several 
figures,  it  will  be  seen  that  the  energy 
exerted  at  a  point  half  way  from  m, 
viz. :  ordinate  5,  is  0.0625  or  -j-1^  of  that  ex- 
erted at  a  a!  ;  and  that  the  energy  devel- 
oped by  the  mass  contained  within  the 
spherical  pyramid  f  m  5  amounts  to  only 
-^y  of  that  developed  by  the  gravitation  of 
the  mass  contained  within  the  spherical 
pyramid  a  m  a.     Now,  the  volume  of  the 


spherical  pyramid  fm  5  represents  that  of 
a  sphere  the  diameter  of  which  is  one- 
half  of  the  sun,  while  the  spherical  pyra- 
mid a  m  a  represents  the  volume  of  the 
entire  solar  mass.  The  energy  resulting 
from  the  gravitation  of  the  central  spheri- 
cal mass  P  p  being  thus  only  -^Y  of  the  en- 
ergy exerted  by  the  spherical  mass  I  K  S, 
it  will  be  perceived  that  the  degree  of  density 
of  the  matter  towards  the  sun's  centre  will 
not  materially  affect  the  result  of  our  cal- 
culations founded  on  perfect  homogeneity. 

We  may  now  proceed  to  ascertain  the 
amount  of  dynamic  energy  produced  by  the 
assumed  shrinking  of  the  axis  of  the 
spherical  pyramid  a  m  a'.  Having  already 
demonstrated  that  the  said  energy  will  be 
0.20015  of  that  produced  by  the  gravitation 
of  a  homogeneous  mass,  the  section  of 
which  is  one  square  foot,  extending  from 
the  surface  to  the  centre,  it  only  remains  to 
determine  the  weight  of  one  cubic  foot  at 
the  surface  of  the  sun.  The  specific  grav- 
ity of  the  solar  mass  being  85.6  lbs.  per 
cubic  foot,  while  the  sun's  attraction  is 
27.2  times  greater  than  terrestrial  attrac- 
tion, the  weight  of  one  cubic  foot  at  the  so- 
lar surface  will  be  27.2  X  85.6  =  2326.3 
lbs.  ;  multiplying  this  weight  by  the  sun's 
radius,  expressed  in  feet,  we  have 

2328.3  x  2,250,821,000  =  5,240,633,000,000, 

which  product  multiplied  by  0.20015 
shows  that  the  gravitating  energy  of  the 
matter  contained  in  the  spherical  pyramid, 
exerted  during  a  longitudinal  contraction  of 
one  foot,  amounts  to  1,048,912,000,000  foot- 
pounds. Dividing  this  latter  product  by  the 
solar  energy  per  minute  (312,000  X  772), 
we  find  that  4,355  minutes  =  3.024  days, 
will  elapse  before  the  energy  produced  by 
constant  solar  radiation  equals  the  gravita- 
ting energy  exerted  during  the  shrinking 
of  1  ft.,  of  the  solar  radius.  The  length  of 
one  year,  365.25  days,  being  divided  by 
3.024,  we  learn  that  the  annual  shrinking 
of  the  sun's  radius  amounts  to  120.7  ft 
The  foregoing  figures  prove  that,  notwith- 
standing this  apparently  great  contraction, 
a  period  of  1,864  years  is  necessary  to  di- 
minish the  sun's  diameter  TOoTro-  It  hard- 
ly requires  explanation  that  this  result  is 
reached  by  dividing  the  sun's  radius  by 
10,000  times  the  stated  annual  shrinking. 

Helmholtz,  in  accordance  with  Laplace's 
remarkable  nebular  hypothesis,  asserts  that 
the  continuation  of  the  original  condensa- 
tion of  the  matter  composing  the  sun,  de- 
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velops  an  amount  of  mechanical  energy 
capable  of  generating  sufficient  heat  to 
make  good  the  present  solar  emission.  Ac- 
cording to  his  calculations,  the  sun's  di- 
ameter will  be  reduced  Too'oo  m  tne  course 
of  2,000  years.  The  practical  data  assumed 
by  the  eminent  physicist  being  less  accurate 
than  those  upon  which  our  calculations  are 
based,  the  discrepancy  regarding  time,  2,000 
years  against  1,864  years  necessary  to  effect 
the  stated  shrinking  of  the  sun's  diameter, 
may  be  satisfactorily  explained.  It  will  be 
well  to  observe  that  the  intensity  of  the 
radiant  heat  will  not  diminish  with  the 
diminished  size  of  the  sun.  On  the  con- 
trary, for  a  given  area  of  the  solar  surface, 
the  dynamic  energy  produced  by  a  given 
rate  of  shrinking  will  be  increased,  since  the 
mass  remains  the  same,  while  the  attraction 
is  inversely  proportional  to  the  square  of  the 
distance  from  the  centre.  But  the  rate  will 
diminish  with  the  contraction  of  the  sphere ; 
hence  a  shrinking  of  TLth  of  the  sun's  di- 
ameter instead  of  occupying  1000  X  1864 
=  1,864,000  years,  will  require  somewhat 
more  than  2,000,000  years.  At  the  end  of 
that  period,  the  gravitating  energy  will 
continue  to  develop  as  at  present,  an  amount 
of  dynamic  energy  represented  by  312,000 
thermal  units  per  minute  for  each  super- 
ficial foot ;  but  the  radiating  surface,  i.  e. 
the  area  of  the  solar  disk,  will  have  dimin- 
ished in  the  ratio  of  102  to  92. 

The  present  maximum  temperature  pro- 
duced by  solar  radiation  on  the  ecliptic 
when  the  earth  is  in  aphelion,  being  67.2 
deg.,  while  the  intensity  of  radiant  heat  di- 
minishes as  the  area  of  the  radiating  sur- 
face, it  follows  that  at  the  end  of  2,000,000 
years  from  the    present  time,  the  tropical 

solar  intensity  will  be  reduced  to  —         '  = 

54.4  deg.  —  unless  Prof.  Tyndall's  opinion 
is  correct,  that  the  earth  in  common  with 
the  other  planets  must  "creep  in,  age  by 
age,  towards  the  sun."*  But  the  pace  is  no 
doubt  so  slow  that  our  calculations  will  not 
be  seriously  affected ;  hence  applying  the 
foregoing  demonstrations  to  the  past,  it  will 
be  seen  that  the  temperature  produced  by 
solar  radiation  2,000,000  years  ago  must 
have  been,  owing  to  the  greater  diameter  of 

the  sun  at  that  period,  nearly   """  = 

81  deg.  within  the  tropics.  We  are  justified 
in  assuming  that  the  increased  evaporation 

*  See  "  Heat  as  a  Mode  of  Motion,"  page  499. 


of  the  sea  and  the  consequent  humidity  of 
the  atmosphere,  modified  the  stated  solar 
intensity,  calling  forth  the  luxuriant  flora 
which  geology  has  made  us  acquainted  with. 
The  computed  diminution  of  .solar  intensity 
67  deg.  —  54  deg.  =  13  deg.  during  the 
next  2,000,000  years,  will  probably  be 
deemed  extravagant  by  those  who  do  not 
bear  in  mind  that  the  computation  must  be 
based  on  the  assumption  that  a  constant 
power  will  be  exerted  during  the  stated 
period,  capable  of  developing  as  at  present, 
the  stupendous  energy  of  240  millions  of 
foot-pounds  in  a  single  minute,  for  each 
square  foot  of  the  surface  of  a  sphere  whose 
diameter  exceeds  850,000  miles.  This  in- 
conceivable amount  of  work  cannot  be  per- 
formed with  a  less  expenditure  than  the 
motive  energy  developed  by  the  fall  of 
a  mass  equal  to  the  mass  contained  in 
the  sun,  the  weight  of  which  is  nearly  a 
thousand  times  greater  than  the  weight  of 
all  the  planets  of  the  system.  Obviously,  a 
continuous  development  of  such  an  amount 
of  energy  is  physically  impossible,  since 
there  is  a  limit  to  the  distance  through 
which  the  weight  can  fall.  Now,  the  fore- 
going demonstration  enables  us  to  deter- 
mine the  said  limit,  with  sufficient  exact- 
ness to  prove  that  although  the  efficiency  of 
the  great  motor  during  the  past,  may  be 
measured  by  hundreds  of  millions  of  years, 
its  future  efficiency  will  be  of  comparatively 
brief  duration. 

Statements  relating  to  the  permanency  of 
solar  heat,  based  on  the  assumption  that  no 
diminution  has  been  observed  during  his- 
toric times,  have  no  weight  in  view  of  our 
demonstration  showing  that  a  shrinking  of 
jX0  of  the  sun's  diameter  can  only  reduce 
the  intensity  from  81  deg.  to  67.2  deg., 
difference  =  13.8  deg.  in  the  course  of  two 
millions  of  years.  This  period  being  500 
times  longer  than  "  historic  times,''  say 
4,000  years,  it  will  be  seen  that  the  dim- 
inution   of   the   temperature   produced   by 

solar  radiation   has   not   exceeded  -=^-.  = 

0.027,  or  3J7  deg.  Fahr.,  since  the   erection 
of  the  Pyramids. 

It  will  be  proper  to  observe  before  con- 
cluding our  brief  investigation  of  the  source 
of  solar  energy,  that  the  development  of 
heat  by  the  shrinking  of  the  sun.  however 
fully  demonstrated,  leaves  the  important 
question  unanswered :  How  is  the  heat 
generated  by  gravitation  within  the  mass, 
transmitted  to  the  surface  ?     If  the  matter 


566 


VAN    NOSTEAND'S    ENGINEERING    MAGAZINE. 


within  the  sun  is  a  perfect  conductor  of 
heat — a  very  improbable  supposition — that 
fact  alone  furnishes  a  satisfactory  answer. 
Imperfect  conductivity,  on  the  other  hand, 
calls  for  other  means  of  transmitting  the 
energy  from  within,  to  make  good  the 
enormous  loss  caused  by  the  external  radia- 
tion. Besides,  the  falling  of  the  crust  at 
the  rate  of  10  ft.  per  month,  attended  by 
increase  of  internal  pressure  and  probably 
ejection  of  gaseous  matter,  together  with 
the  disturbance  occasioned  by  contraction 
at  the  surface,  disclose  a  mechanism  of 
startling  complexity.  But,  the  parting  with 
312,000  thermal  units  for  each  square  foot 
of  the  solar  surface,  involving  an  expendi- 
ture of  kinetic  energy  of  fully  240,000,000 
foot-pounds  per  minute,  cannot  be  made 
good  in  that  brief  space  of  time,  unless  the 
sun  shrinks  at  the  rate  ascertained  by  our 
calculations. 

The  development  of  solar  energy  in  ac- 
cordance with  the  combustion  hypothesis 
(lately  resuscitated  by  M.  E.  Vicaire),  merits 
no  consideration ;  while  careful  investiga- 
tion has  proved  the  meteoric  hypothesis  to 
be  untenable.     It  must  be  admitted,  how- 


ever, that  the  mechanical  difficulties  alluded 
to,  especially  those  relating  to  the  means  of 
transmitting  the  heat  to  the  surface  of  the 
sun,  any  teniporaiy  local  derangement  of 
which  must  be  productive  of  dark  spots,  for 
a  time,  are  of  such  a  nature  that  the  sup- 
posed absolute  certainty  of  solar  radiation 
may  be  questioned.  Nor  is  evidence  want- 
ing to  show  that  the  solar  mechanism  is 
liable  to  derangement.  History  informs  us 
that  the  great  luminary  has,  during  several 
seasons,  partially  failed  to  perform  its  func- 
tions. 

Herschel  states  in  his  "  Outlines  of  As- 
tronomy," that  "  in  the  annals  of  the  year 
A.  D.  536,  the  sun  is  said  to  have  suffered  a 
great  diminution  of  light,  which  continued 
fourteen  months.  From  October,  A.  D.  626, 
to  the  following  June,  a  defalcation  of  light 
to  the  extent  of  one-half  is  recorded  ;  and  in 
A.  D.  1517,  during  three  days,  the  sun  is 
said  to  have  been  so  darkened  that  stars  were 
seen  in  the  daytime."  Again,  the  glacial 
periods,  the  ascertained  abrupt  termination 
and  recurrence  of  which  puzzles  the  geolo- 
gist, point  to  periodical  derangement  of  the 
solar  mechanism  in  past  ages. 
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Let  us  suppose  that  the  mass  of  the  Sun 
is  slowly,  but  continually,  contracting ; 
then,  in  consequence  of  the  enormous  mass 
subjected  to  this  contraction,  an  enormous 
amount  of  heat  will  be  developed,  and  it 
will  be  found  that  the  rate  or  amount  of 
contraction  necessary  to  produce  the 
amount  of  heat  radiated  by  the  Sun  into 
space,  is  so  remarkably  small,  that  ages 
must  elapse  before  the  effect  of  this  con- 
traction can  become  visible  to  us  at  our 
comparatively  great  distance  from  the  Sun. 

In  order  to  show  that  this  is  the  case,  let 
one  foot  and  one  second  be  taken  as  the 
units  of  space  and  time,  and  suppose  that 
each  unit  of  volume  of  the  Sun's  mass  con- 
tracts by  the  same  amount  in  the  same 
time,  so  that  if  zn  be  the  linear  contraction 
of  the  Sun's  radius  r0  in  one  second,  and 
if  2  be  the  contraction  of  any  other  length 
r,  measured  from  the  centre,  and  for  the 
same  duration  of  time,  then 


The  effect  of  this  contraction  may  thus  be 
compared  to  a  series  of  intermittent  pulsa- 
tions, acting  throughout  the  whole  of  the 
mass,  and  tending  to  diminish  the  volume. 
Let  g0  be  the  force  of  gravity  at  the  sur- 
face of  the  Sun,  and  let  g  be  the  force  of 
gravity  at  any  point  within  the  Sun's  mass 
considered  homogeneous,  whose  distance  is 
r  from  the  centre  ;  then 


Again,  let  p  be  the  mean  density  of  the 
Sun's  mass,  so  that  the  weight  of  any  thin 
concentric  shell,  Avhose  radius  is  r  and 
thickness  d  r,  will  be  4  n  g  g  r2  6  r  ;  and, 
since  every  unit  of  mass  in  .this  shell  falls 
through  z  feet  towards  the  centre  in  a  sec- 
ond of  time,  4  it  g  p  z  r*  6  r  will  be  the  kinetic 
energy  generated  and  destroyed  every  sec- 
ond by  this  shell  alone  ;  and  therefore 


J 


Avgzr2  dr 

o 

will  be  the  whole  kinetic  energy  destroyed 
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every  second  of  time,  and  we  proceed  to 
find  the  corresponding  amount  of  heat 
evolved.     Now 

°  '  0  e/     o  0 

and  this  is  the  kinetic  energy  destroyed  by 
the  fall  of  a  weight 

4 

through  a  height  of  z0  feet,  or  by  the  fall 
of  a  weight 

5  X  1390 

through  a  height  of  1390  feet;  but  the  fall 
of  one  pound  avoirdupois  through  a  height 
of  1390  feet  generates  sufficient  heat  to 
raise  one  pound  of  water  through  1°  cen- 
igrade,  or  it  generates  one  thermal  unit ; 
nence  by  expressing 

4tt  q,,  p  5j„  I-..3 


o  X  i^u 


in  foot-pounds  we  shall  get  the  number  of 
thermal  units  generated  every  second  of 
time.  Now  g0  p  is  the  weight  of  a  cubic 
foot  of  the  Sun's  mass  at  the  surface,  and 
since 

g0    ==  27.20  times  the  force  of  terrestrial 

gravity,  and 
9      =1.43  times   the  density  of  water, 

therefore 
g0Q  =  27.20  X  1-43  times  the  weight  of 
a  cubic  foot  of  water  at  the  stirface  of  the 
earth.     But  a  cubic  foot  of  water  weighs 
62.5  pounds,  so  that  g0g  =  2431  pounds. 
Therefore 

4r  znrn3  x  '2431 
O  X  1S9U         ' 

when  both  r0  and  z0  are  expressed  in  feet, 
will  give  us  the  number  of  thermal  units 
generated  every  second  of  time. 

Now,  it  has  been  found  by  observation 
that  the  heat  emitted  by  the  Sun  to  the 
Earth  is  sufficient  to  melt  a  sheet  of  ice 
whose  thickness  is  0.01093  in.,  when  ex- 
posed perpendicularly  to  the  Solar  rays  for 
one  minute  (Sir  John  Herschel,  "  Meteor- 
ology "),  due  allowance  having  been  made 
for  the  heat  absorbed  by  the  atmosphere  ; 
and,  therefore,  in  one  second,  a  sheet  of  ice 
whose  thickness  is  0.0000152  ft.  will  thus 
be  melted ;  so  that,  if  a  be  the  mean  dis- 
tance of  the  Earth  from  the  Sun,  expressed 


in  feet,  a  spherical  shell  of  ice,  whose  radius 
is  a  and  thickness  0.0000152  ft.  will  be  the 
volume  of  ice  in  cubic  feet  melted  every 
second  by  the  whole  of  the  radiant  Solar 
heat.  But  one  pound  of  ice  has  a  volume 
equal  to  (0.2584)3  cubic  feet,  therefore 

4tt^2  x  0.0000152 


(0.2584;3 

will  be  the  weight  of  the  ice  in  pounds  thus 
melted. 

Again,  in  order  to  melt  one  pound  of  ice, 

4  7ra2x  79.25  x  0.QQ00152 
(0.2584)3 

79.25  thermal  units  are  required ;  and  thus 
the  whole  Solar  heat  evolved  in  one  second 
of  time  is  equal  to 


4tt«2  X  70.25  X  0.0000152 

(U.2684)3 


thermal   units. 


Now  by  equating  the  heat  generated  to 
the  heat  evolved  in  one  second,  we  get 

4  7rz0rn3X  2431         4Ta2X  79.29X0.0000152 


5  X  1390 


(0.2584)r 


and  the  contraction  zQ  is  therefore  only 
0.000004079  ft.  in  one  second,  or  129  ft. 
per  annum  ;  and,  as  we  have  already  said, 
ages  must  elapse  before  the  effect  of  this 
contraction  can  become  visible  to  tis, 
whether  we  compare  direct  measures  of  the 
Solar  disk  or  observed  periods  of  axial  ro- 
tation. 

The  contraction,  therefore,  is  so  small, 
that  as  much  allowance  can  be  made  for 
the  assumptions  introduced  above  as  may 
be  thought  necessary,  without  altering  our 
general  conclusion  in  the  slightest  degree, 
namely,  that  the  source  of  the  Solar  heat 
and  light  is  connected  with  the  mechanical 
theory  of  heat  by  means  of  the  contraction 
of  the  composing  mass. 

The  application  of  this  theory  to  other 
bodies  is  almost  without  limit  ;  the  Earth 
has  contracted,  and  has  stored  up  a  corre- 
sponding amount  of  heat  in  the  non-con- 
ducting rocks  and  soils  ;  the  stars,  by  their 
intrinsic  brilliancy,  indicate  the  operation 
of  the  force  of  gravity  upon  contracting 
matter  ;  the  nebula?  afford  examples  of  the 
commencement  of  this  operation  ;  and  peri- 
odical variations  in  light  now  become  per- 
turbations, the  effect  of  disturbing  masses 
in  motion,  producing  endless  changes  sub- 
ject to  the  great  principle  known  as  the 
conservation  of  energy. 
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THE  KOLLING  OF  SHIPS-. 

Br  P.  WATTS. 
From  "The  Annual  of  the  Royal  School  of  Naval  Architecture  and  Marine  Engineering 


Among  the  many  subjects  relative  to  the 
designing  of  ships  which  have  occupied  the 
attention  of  scientific  men  of  late  years, 
there  is  none  more  important  or  more  diffi- 
cult than  the  rolling  of  ships  at  sea,  involv- 
ing, as  it  does,  elements  in  their  construction 
which  may  not  be  neglected  with  impunity. 
Hitherto,  so  far  as  practical  shipbuilders 
are  concerned,  this  matter  has  scarcely,  if  at 
all,  been  considered,  except  in  their  en- 
deavor to  provide  sufficiently  for  the  strains 
which  the  structure  must  undergo  when 
subject  to  the  action  of  the  wind  and  waves ; 
but  there  are  other  considerations  in  con- 
nection with  the  subject  which  are  almost 
as  important,  on  which  much  of  the  ship's 
safety  depends,  and  these  are  generally 
neglected.  Many  a  well-built  vessel  that 
has  foundered  at  sea  would  probably  have 
had  a  successful  career  for  years  had  she 
been  so  designed  as  to  comply  with  theoreti- 
cal requirements,  and  thus  it  should  be  the 
earnest  endeavor  of  all  concerned  to  perfect, 
as  far  as  possible,  our  present  knowledge  of 
the  subject,  and  put  in  practice  what  is  al- 
ready known.  To  this  end  a  succinct 
account  of  the  results  at  present  obtained 
may  possibly  be  of  service. 

In  dealing  with  the  subject  we  shall  first 
take  the  most  simple  case — that  of  a  ship 
rolling  in  still  water — neglecting  the  resist- 
ance of  the  water,  and  supposing  the  vessel 
to  be  rolling  so  that  she  constantly  displaces 
a  quantity  of  water  equal  to  her  weight. 
Not  that  these  limitations  are  inconsiderable, 
but  because  by  allowing  them  we  are  en- 
abled to  make  the  following  construction, 
which  will  materially  assist  our  conception 
of  how  the  vessel  rolls. 

Let  Fig.  1  represent  the  ship  rolling  in 
the  direction  indicated  by  the  arrow,  W  W 
being  the  water  line  in  her  present  position. 
We  suppose  her  to  have  been  heeled  over 
to  some  inclination  such  as  that  indicated 
by  the  position  of  the  water  line  w  w,  and 
then  allowed  to  oscillate  freely  under  the 
action  of  her  weight  and  the  upward  pres- 
sure of  the  water  alone.  Let  G  be  her 
centre  of  gravity,  and  B  B'  the  centres  of 
buoyancy  corresponding  to  the  upright  and 
inclined  positions  respectively,  so  that  M  is 
the  metacentre — i.  e.,  the  point  where  B  M, 
the  vertical  through  B ',  intersects  the  original 


vertical  through  B  and  G — the  angle  of  incli- 
nation being  small.  Then,  as  is  well  known, 
M  G  is  a  measure  of  the  righting  force — 
i.  <?.,  of  the  effort  exerted  to  turn  the  ship 
towards  the  upright  position.  It  is  this 
righting  force  which  makes  the  ship  oscil- 
late :  as  she  rolls  from  the  extreme  position 
on  one  side  the  righting  force  gradually 
diminishes,    and   in   the    upright    position 

Fig.  1. 


vanishes,  but  in  rolling  through  this  angle 
it  accumulates  an  amount  of  work  which  is 
just  sufficient  to  carry  the  vessel  to  the  same 
inclination  on  the  other  side.  This  is  evi- 
dent from  the  fact  that  the  dynamical 
stability  up  to  an  equal  angle  of  inclination 
on  each  side  is  the  same — for  the  work  ac- 
cumulated by  the  righting  couple,  as  the 
vessel  passes  from  the  extreme  position  to 
the  upright,  is  the  dynamical  stability  cor- 
responding to  the  angle  of  heel,  and,  of 
course,  this  is  just  the  work  which  is  re- 
quired to  incline  her  to  the  same  angle  on 
the  other  side.  The  motion  of  the  ship 
oscillating  thus  about  her  upright  position 
is  analogous  to  that  of  a  pendulum,  the 
principal  difference  being  that  whereas  the 
bob  of  a  pendulum  turns  about  a  fixed 
point — the  point  of  suspension — the  axis 
about  which  the  vessel  rolls  moves  through 
a  certain  path  dependent  on  the  position  of 
the  centre  of  gravity,  and  on  the  figure  of 
the  vessel.  We  proceed  to  trace  this  path. 
Let  us  imagine  a  surface  which  will  con- 
stantly touch  the  plane  of  the  water — sup- 
posing it  to  be  continued  right  through  the 
vessel — as  she  rolls  from  side  to  side ;  this 
surface,  indicated  by  a  b  c,  is  called  the 
surface  of  'flotation. 
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Now,  let  us  suppose  this  surface  of  flota- 
tion together  with  the  surface  of-  the  water 
to  become  rigid  surfaces  without  friction, 
conceiving  the  former  to  be  capable  of  roll- 
ing and  sliding  upon  the  latter  without 
being  interfered  with  by  the  material  parts 
of  the  vessel,  except  in  so  far  as  it  will  be 
influenced  by  the  forces  of  weight  and 
buoyancy  acting  vertically  through  the 
centres  of  gravity  and  buoyancy  respective- 
ly. The  motion  of  the  ship  under  these 
circumstances,  supported  by  its  surface  of 
flotation  resting  upon  the  rigid  but  perfect- 
ly smooth  water  plane,  will  in  all  respects 
be  the  same  (restricted  as  we  have  sup- 
posed) as  if  it  rolled  in  the  water  un- 
influenced by  these  imaginary  surfaces. 
The  problem  is  thus  reduced  to  that  of 
the  motion  of  a  solid  body,  without  weight 
and  of  fair  external  surface,  upon  a 
smooth  horizontal  plane  acted  upon  by  cer- 
tain forces. 

The  instantaneous  axis*  about  which  a 
body  is  turning  is  known  when  the  motions 
of  any  two  fixed  points  in  the  body  are 
known.  The  forces  of  weight  and  buoy- 
ancy being  wholly  vertical,  the  centre  of 
gravity  must  move  in  a  vertical  line ; 
therefore  if  G  be  the  centre  of  gravity,  the 
instantaneous  axis  must  be  in  the  horizontal 
line  Gr  0.  Also,  as  the  surface  of  flotation 
slides  upon  the  plane  of  the  water  the  in- 
stantaneous direction  of  H,  its  point  of 
contact,  must  be  along  the  plane  of  the 
water,  hence  the  instantaneous  axis  must 
lie  in  H  0,  and  therefore  it  is  the  point  0 
where  Gr  0  and  H  0  intersect.  From  this  we 
see  (following  out  the  process  through  the 
entire  motion)  that  the  locus  of  the  instan- 
taneous axis  as  a  ship  rolls  from  side  to 
side  will  be  some  such  curve  as  that  indi- 
cated by  the  dotted  line  0  GO  passing 
through  the  centre  of  gravity  and  turned 
up  towards  its  extremities.  It  may  be 
readily  shown  from  the  dynamical  equation 
of  a  ship  rolling  under  these  circumstances, 
that  the  time  of  her  roll  or  oscillation  is 
practically  the  same  as  that  of  a  simple 
pendulum  whose  length  is  equal  to  the 
square  of  her  radius  of  gyration  divided  by 
the  height  of  the  metacentre  above  the 
centre  of  gravity. 

This    kind   of  imaginary   rolling  (water 
set   in    motion,    etc.,    being    neglected)    is 


*  This  is  the  axis  about  which  a  body  may  be  supposed  to 
turn  through  a  very  small  angle,  considering  its  motion  at 
any  particular  instant.  The  construction  of  the  instantaneous 
axis  given  above  was  pointed  out  by  Canon  Moseley, 


called   unresisted   rolling    in    still   water. 

The  time  of  a  roll  is  usually  measured  by 
the  time  it  takes  for  the  ship  to  pass  the 
upright  position  twice  moving  in  the  same 
direction  ;  it  corresponds  to  what  is  called  a 
double  oscillation  in  a  pendulum. 

If  we  remove  the  limitations  we  have 
made,  the  case  is  very  materially  altered. 
The  keel  and  sharp  parts  of  the  floor  and 
the  bilge  keels  (if  the  ship  has  any)  tend  to 
set  in  motion  large  volumes  of  water,  and 
the  resistance  thus  caused  has  a  steadying 
effect  on  the  vessel,  diminishing  the  extent 
of  rolling  and  lengthening  the  periodic  time. 
Professor  Rankine  has  shown  that  by  these 
causes  the  extent  of  rolling  is  diminished 
nearly  in  geometrical  progression  at  a  rate 
increasing  with  the  amount  of  resistance 
offered,  and  diminishing  as  the  moment  of 
inertia  is  increased  ;  and  that  the  time  of 
rolling  is  increased  in  the  same  way  as  if 
the  radius  of  gyration  were  increased  in  a 
certain  ratio  depending  directly  on  the 
amount  of  resistance  exerted,  and  inversely 
on  the  height  of  the  metacentre  above  the 
centre  of  gravity. 

As  regards  the  instantaneous  axis,  in 
passing  the  upright  position  she  will  be 
generally  turning  about  a  point  a  small 
distance  below  the  centre  of  gravity,  and 
the  locus  of  the  instantaneous  axis  will 
probably  be  considerably  turned  down  and 
looped  towards  its  extremities,  rather  than 
turned  up  as  shown  in  the  figure. 

By  bearing  in  mind  the  locus  traced  by 
the  instantaneous  axis  as  the  ship  rolls,  we 
are  enabled  to  form  a  good  idea  of  the 
lurching  or  rolling  motion  she  undergoes. 

The  consideration  of  the  rolling  of  ships 
in  still  water  is  of  considerable  importance, 
as  it  depends  upon  elements  in  their  de- 
sign which  largely  determine  their  rolling 
properties  among  waves.  In  fact,  as  we 
shall  presently  show,  when  their  time  of 
unresisted  rolling  in  still  water  is  known, 
their  behavior  among  waves  so  far  as  rolling 
is  concerned  may  be  fairly  estimated.  We 
shall  now  pass  on  to  consider  the  rolling  of 
ships  among  waves,  and  in  doing  so  we 
shall  first  examine  somewhat  the  nature  and 
character  of  waves,  in  order  to  more  readily 
understand  the  action  of  the  hydrodynamic 
forces  they  exert. 

We  shall  deal  with  deep  wafer  waves, 
the  depth  being  such  as  not  to  interfere 
with  the  form  of  the  waves,  and  shall  con- 
sider the  disturbing  cause — the  wind — to 
have  subsided,  and  the  ocean  to  be  traversed 
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by  uniform,  waves  of  the  same  size  running 
parallel  to  one  another.  It  is  only  the  form 
of  such  waves  that  travels.  Theory  and 
observation  agree  in  showing  that  every 
particle  of  water  affected  by  these  waves 
uniformly  describes  a  circle  about  a  point 
rather  above  its  still  water  position,  as  each 
successive  undulation  passes  it,  and  we  may 
consider  that  it  is  this  motion  of  the  water, 
as  a  body,  which  gives  the  waves  their  form 
and  speed.  The  length  of  a  wave  is  the 
distance  between  two  successive  hollows  or 
crests,  measured  in  the  direction  in  which 
the  wave  travels  ;  the  height  of  a  wave  is 
the  vertical  distance  between  the  hollow  and 
crest ;  and  the  time  or  period  of  oscillation 
is  the  time  it  takes  to  traverse  its  whole 
length. 

We  will  consider  the  motion  of  a  particle 
of  water  on  the  surface  as  it  is  traversed 
by  a  wave — commencing  from  the  instant 
when  it  is  in  the  middle  of  the  hollow  be- 


tween two  crests.  Suppose  the  wave  to  be 
passing  from  right  to  left.  As  it  moves 
towards  the  particle,  the  latter  rises  upon 
its  surface,  and  at  the  same  time  moves 
slowly  towards  the  crest  from  left  to  right, 
this  second  movement,  however,  only  con- 
tinuing while  the  waves  run  through  rather 
more  than  half  the  distance  between  the  hol- 
low and  the  crest,  during  which  time  the 
particle  describes  the  lower  right-hand  quad- 
rant of  the  circle.  It  then  begins  to  move 
backwards  from  right  to  left  with  the  crest, 
at  the  same  time  being  raised  by  the  sur- 
face of  the  wave,  describing  the  upper 
right-hand  quadrant  of  the  circle,  which  it 
will  have  completed  when  the  top  of  the 
crest  overtakes  it.  It  will  then  be  imme- 
diately over  the  point  from  which  it  started. 
As  the  wave  passes  on,  it  continues  moving 
with  it  in  direction,  and  at  the  same  time 
descends  on  the  back  slope  of  the  wave,  de- 
scribing the  upper  left-hand   quadrant  of 


Fig.  2. 
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the  circle  ;  it  then  moves  slowly  backwards 
from  the  crest,  continuing  down  the  back 
slope  of  the  wave  through  the  lower  left- 
hand  quadrant,  arriving  finally  at  the  in- 
stant the  wave  passes  it  at  the  same  point 
from  which  it  started,  having  described  a 
circle  of  the  same  diameter  as  the  height  of 
the  wave.*  The  whole  of  the  surface  par- 
ticles will,  of  course,  be  affected  in  exactly 
the  same  way.  With  regard  to  the  motion 
of  the  water  below  the  surface  during  the 
passage  of  a  wave,  every  particle  describes 
a  circle  in  a  manner  similar  to  that  of  the 
surface  particles,  but  with  this  difference — 
the  radii  are  smaller,  and  decrease  in  a  cer- 


*  It  is  evident  that  the  profile  of  such  waves  will  be  of  tro- 
choidal  form. 


tain  ratio  which  depends  on  the  depth  from 
the  surface. 

Let  Fig.  2  represent  a  wave  such  as  we 
are  describing.  The  circles  a',  b',  c',  etc., 
are  paths  described  by  a  number  of  parti- 
cles which,  if  the  water  were  at  rest,  would 
be  in  a  Vertical  line  and  equidistant  from 
each  other.  The  motion  undergone  by  this 
line  of  particles  may  be  readily  followed  by 
keeping  in  mind  how  each  particle  tra- 
verses its  orbit  as  the  wave  passes.  The 
dots  in  the  lines  abed,  etc.,  indicate  the 
positions  occupied  by  these  particles  as  they 
are  passed  by  the  corresponding  parts  of 
the  wave.  At  the  middle  of  a  hollow  they 
are  in  a  vertical  line,  and  are  depressed 
from  the  still  water  position,  being  closer 
together  the  nearer  they  are  to  the  surface. 
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When  the  crest  of  the  wave  passes  they 
are  again  in  a  vertical  line,  but  they  are 
raised  above  their  still  water  position,  being 
further  apart  the  nearer  they  are  to  the 
surface.  In  the  intermediate  positions,  be- 
tween the  hollow  and  crest,  the  line  they 
are  in  bends  toward  the  crest  in  such  a  way 
that  its  inclination  to  the  vertical  at  the  top 
is  at  each  instant  practically  equal  to  the 
slope  of  the  wave  at  that  point — that  is,  to 
the  inclination  of  the  surface  of  the  wave  to 
the  horizon.  The  still  water  positions  cor- 
responding to  the  lines  a  b  c,  etc.,  being  at 
equal  distances  apart,  the  shapes  inclosed 
between  these  lines  and  the  surface  of  the 
wave  indicate  the  change  in  configuration 
undergone  by  a  block  of  water  as  the  wave 
passes.  It  is  very  important  to  observe  this 
change,  as  the  motion  of  any  body,  such  as 
a  ship,  floating  on  the  wave,  must  naturally 
be  largely  influenced  by  it,  the  water  tend- 
ing of  course  to  carry  the  body  with  it. 

Suppose  a  ship  to  be  floating  broadside 
on  among  waves  such  as  we  have  described ; 
where  they  are  long,  compared  with  the 
draught  of  water  of  the  ship,  we  may  con- 
sider that  to  the  depth  of  her  draught  'be- 
low the  surface  the  particles  of  water 
practically  revolve  in  circles  of  equal  radii. 
Neglecting  for  the  present  the  action  of  the 
water  upon  the  ship,  due  to  the  change  of 
configuration  it  undergoes  as  the  wave 
passes,  the  forces  acting  upon  her  are  ex- 
actly the  same  as  those  which  would  act 
upon  her  in  still  water,  combined  in  each 
case  with  the  centrifugal  force  with  which 
the  particles  of  water  at  the  surface  are  re- 
volving— for  the  pressure  exerted  by  the 
water  upon  any  point  of  the  surface  of  the 
ship  is  the  resultant  of  the  pressure  which 
would  act  on  this  point  in  still  water,  com- 
bined with  the  centrifugal  force  with 
which  the  particles  of  water  are  rotating, 
and  so  on  over  the  whole  of  her  im- 
mersed surface.  Hence  the  resultant 
pressure  of  water  upon  the  vessel  is  the 
resultant  effect  of  the  pressure  which  would 
act  on  her  in  still  water,  combined  with  the 
centrifugal  force,  and  it  acts  (by  a  well- 
known  principle  in  hydrodynamics)  through 
the  centre  of  buoyancy  perpendicular  to  the 
the  wave  at  this  part.  Also  the  centre  of 
gravity  of  ship  describes  a  circle,  as  each 
wave  passes,  of  practically  the  same  diame- 
ter as  the  particles  of  water  in  contact  with 
her  surface,  so  that  she  exerts  an  equal  and 
opposite  pressure  upon  the  water.  Hence 
we  have  nearly  the  same  forces  acting  on 


the  ship  as  there  would  be  in  still  water, 
only  that  they  act  in  a  direction  constantly 
normal  to  the  wave  surface,  and  she  will 
have  a  tendency  to  keep  normal  to  the  wave 
surface,  which  will  nearly  equal  her  tenden- 
cy to  keep  upright  m  still  water,*  and  if  she 
be  inclined  from  this  normal,  the  same 
couple,  practically,  tends  to  restore  her  to  it 
as  in  still  water  would  tend  to  restore  her  to 
the  upright  if  she  were  inclined  from  it  by 
the  same  amount.  Ordinary  ships  will  not, 
however,  keep  normal  to  the  wave  surface. 
We  have  already  referred  to  one  cause  tend- 
ing to  prevent  this  t — viz.,  the  change  in 
the  configuration  undergone  by  the  Ayater 
relatively  to  the  wave  surface.  This  is 
modified  by  the  ship's  inertia,  which  tends 
to  make  her  perform  oscillations  about  the 
normal  to  the  wave  surface  in  the  same 
periodic  time  as  in  still  water.  The  action 
of  the  waves,  however,  is  such  that  the  ves- 
sel is  compelled  to  perform  these  oscillations 
in  the  same  time  as  the  waves.  Thus  we 
may  regard  the  rolling  of  a  ship  among 
waves  as  made  up  of  the  motion  she  would 
have  supposing  she  always  kept  normal  to 
the  wave  surface,  combined  with  the  oscilla- 
tion she  performs  about  the  normal  to  the 
wave.  X  The  tendency  to  keep  the  ship 
normal  to  the  wave  surface  is  called  stiifhess, 
while  the  tendency  to  keep  her  vertical  is 
called  steadiness. 

With  the  supposition  we  have  made, 
neglecting  also  the  resistance  of  the  water, 
the  exact  differential  equation  of  the  motion 
of  the  ship  may  be  written  down,  and  though 
it  has  not  yet  been  solved,  a  very  approxi- 
mate equation  has,  and  from  it  we  gather 
the  following  results,  which  are  verified  by 
experience  :— If  the  radius  of  gyration  of 
the  ship  and  the  height  of  the  metacentre 
be  such  that  her  time  of  unresisted  rolling 
in  still  water  is  the  same  as  the  time  of  the 
waves,  each  roll  of  the  ship  as  she  is  passed 
by  successive  waves  will  be  increased  in 
amplitude  by  a  constant  amount  varying 
directly  as  the  maximum  slope  of  the  wave, 
so  that  but  for  the  friction  of  the  surface, 
and  the  resistance  to  motion  offered  by  the 
keels,  sharp  parts  of  the  floor,  etc..  the  ship 
must  eventually  roll  completely  over,  no  mat- 


*This  tendency  was  pointed  out  by  Mr.  Froude.  in  1861.  It 
was  the  first  great  step  towards  our  present  knowledge  on  the 
rolling  of  ships 

t  At  sea  there  are  many  causes  tending  to  do  this  ;  such  aa 
variations  in  the  force  and  direction  of  the  wind,  irregularity 
in  the  shape  of  the  waves,  etc. 

t  In  dealing  with  the  safety  of  ships  among  waves,  their  ex- 
treme inclination  to  this  normal  must  be  taken. 
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ter  to  what  angle  she  may  possess  stability, 
or  how  small  the  waves  may  be ;  and  the 
more  nearly  her  time  of  unresisted  rolling 
in  still  water  approximates  to  the  time  of 
the  waves,  the  more  nearly  will  this  result 
be  approached.  From  this  we  infer  that  in 
designing  it  is  desirable  to  arrange  so  that 
the  ship's  time  of  unresisted  rolling  in  still 
water  may  be  as  long  as  possible,  in  order 
that  she  may  not  be  likely  often  to  meet 
with  waves  of  her  own  period. 

We  have  already,  in  dealing  with  ships 
rolling  in  still  water,  explained  the  nature 
of  the  resistance  to  rolling  offered  by  the 
water,  arising  from  the  fact  that  part  of  the 
force  tending  to  make  the  ship  roll  is  ex- 
pended in  setting  in  motion  large  volumes 
of  water  through  the  medium  of  her  keels, 
skin  resistances,  etc.  This  is  equally  true 
in  the  case  of  the  ship  among  waves,  besides 
which  the  motion  of  the  water  relatively  to 
the  wave  surface  may  not  be  neglected,  the 
tendency  of  the  ship  to  follow  this  motion 
offering  considerable  resistance  to  her  roll- 
ing. The  nature  of  this  action  is  very  ap- 
parent from  what  we  have  said  of  the  motion 
of  vertical  columns  of  water  during  the  pass- 
ing of  a  wave. 

Let  us  consider  the  two  following  extreme 
cases  : — 1st.  The  case  of  a  flat  board,  such 
as  A,  floating  on  the  surface  of  the  water ; 
this  we  may  consider  a  form  of  unlimited 
stability — it  follows  the  wave  surface.  2dly. 
That  of  a  thin  weightless  board,  B,  of  no 
stability,  floating  so  that  it  would  be 
vertical  if  the  water  were  at  rest — it  fol- 
lows the  motion  of  the  particles  of  water 
of  the  originally  vertical  columns,  and 
therefore,  as  we  have  seen,  its  inclination 
to  the  perpendicular  at  any  instant  is 
approximately  the  same  as  the  slope  of 
the  wave  at  that  point,  and  therefore  the 
same  as  the  inclination  of  A  to  the  hori- 
zontal, supposing  A  and  B  to  occupy  about 
the  same  position  on  the  wave.  We  ob- 
serve that  the  wave  surface  as  it  moves 
along  tends  to  turn  A  in  the  direction  indi- 
cated by  the  small  arrow  above  it,  but  the 
originally  vertical  column  of  water  in  which 
B  floats  tends  to  turn  B  in  the  opposite  di- 
rection, so  that  these  two  actions  are  of  a 
conflicting  character  ;  and  if  we  were  to  se- 
cure B  to  the  under  side  of  A  perpendicular 
to  it,  they  would  evidently  undergo  an  in- 
termediate motion.  This  is  just  the  case 
with  a  ship — the  action  of  the  waves  upon 
that  part  of  the  ship  between  wind  and 
water  is  opposed  to  their  action  upon  the 


keel  and  sharp  parts  of  the  floor  ;  the  com- 
bined effect  being  a  tendency  on  the  part  of 
the  waves  to  make  her  take  an  interme- 
diate course,  as  shown  at  C. 

It  would  be  dangerous  to  attempt  to  make 
a  ship  roll  like  the  flat  board  on  the  surface 
of  large  waves,  as  might  be  done  approxi- 
mately, by  making  her  stability  very  great, 
concentrating  the  weights  at  the  centre  of 
gravity,  and  increasing  her  breadth,  for  by 
so  doing  we  should  only  reduce  her  time  of 
imresisted  rolling  in  still  water  so  that  she 
would  be  frequently  falling  in  with  smaller 
waves  among  which  she  would  roll  very 
considerably.  A  ship  may  be  made  to  roll 
like  the  board  in  the  second  case,  with  the 
originally  vertical  particles  of  water,  by 
making  her  periodic  time  of  unresisted  roll- 
ing in  still  water,  divided  by  the  period  of 
the  waves,  equal  to  -\/  2.  In  this  case  the 
ship  is  upright  at  the  middle  of  the  hollow 
between  two  waves,  and  on  the  top  of  the 
crest,  and  there  would  be  a  like  result  if 
she  were  to  roll  like  the  flat  board  on  the 
surface  of  the  water.  In  both  of  these 
cases  the  angle  through  which  she  rolls  is 
evidently  the  same  as  the  maximum  slope 
of  the  wave. 

If  her  periodic  time  of  unresisted  rolling 
in  still  water  be  less  than  the  -\/'2,  the  up- 
right positions  occur  before  the  arrival  of 
the  hollows  and  crests,  and  if  greater,  after 
the  arrival  of  the  hollows  and  crests ;  in 
the  first  case  the  maximum  angle  of  heel  of 
the  ship  is  greater  than  a  certain  quantity, 
the  height  of  the  wave  divided  by  the  diam- 
eter of  a  circle  whose  circumference  is 
equal  to  the  length  of  the  wave,  but  in  the 
second  case  it  is  less  than  this  quantity. 

Thus  on  the  whole  we  see  it  is  desirable 
to  lengthen  the  time  of  unresisted  rolling 
in  still  water  as  much  as  possible.  This, 
as  we  have  already  pointed  out,  may  be 
done  by  lengthening  the  ship's  radius  of 
gyration  and  decreasing  the  distance  be- 
tween the  centre  of  gravity  and  metacen- 
tre.  The  radius  of  gyration  may  be  in» 
creased  by  weighing  out  the  weights — that 
is,  by  placing  them  as  near  the  sides  of  the 
ship  as  possible  without  lowering  them. 
Considerable  facility  is  afforded  for  doing 
this  in  a  war  vessel  in  the  disposition  of  the 
armor  and  guns,  by  placing  them  well  out 
on  the  sides  as  far  from  the  middle  of  the 
ship  as  possible.  The  distance  between  the 
centre  of  gravity  and  the  metacentre  may 
be  diminished  by  raising  the  centre  of  grav- 
ity— that  is,  by  raising  the  weights  bodily. 
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This  we  may  do  only  to  a  very  limited  ex-  I 
tent,  for  the  tendency  which  the  ship  exerts  j 
to  keep  upright,  and  to  return  to  the  up-  ! 
right  when  inclined,  depends  both  in 
amount  and  in  the  extent  of  the  angle  of 
inclination  on  the  lowness  of  the  position  of  j 
the  centre  of  gravity. 

We  have  supposed  the  vessel  to  be  roll-  j 
ing  broadside-on  to   the  waves ;  if  she  be  \ 
in  motion  and  her  course  be  inclined  to  the 
direction  traversed  by  the  waves  instead  of 
perpendicular  to  it,   the  apparent  time  of  i 
the  waves   relatively  to   the   ship  must  be  I 
taken  in  dealing  with  the  question  of  her  roll-  I 
ing — that  is,  the  time  that  elapses  between  I 
the  passing  of  two  successive  crests  or  hoi-  i 
lows.     Thus  the  effective  wave  period  may 
be  varied  very  considerably  by  changes   in 
the  direction  and  speed  of  the  vessel. 


Our  present  knowledge  of  the  rolling  of 
ships  among  waves  is  largely  due  to  the  la- 
bors of  several  of  the  members  of  the  In- 
stitution of  Naval  Architects,  and  in  deal- 
ing with  the  subject  our  object  has  been  to 
condense  the  results  of  their  investigations 
and  make  them  intelligible  to  the  general 
reader.  At  the  first  meeting  of  this  insti- 
tution, March,  1860,  Dr.  Woolley,  who 
read  a  paper  "  On  the  Present  State  of  the 
Mathematical  Theory  of  Naval  Architec- 
ture," expressed  his  regret  that  so  little 
reliable  information  was  possessed  on 
this  subject.  Since  that  time,  however, 
it  has  been  so  thoroughly  dealt  with,  at 
least  so  far  as  theory  is  concerned,  that 
it  would  seem  that  little  more  can  be  done 
except  in  the  way  of  experimental  investi- 
gation. 


ANCIENT  MINING— THE  GEECIAN  MINES  EEOPENED. 

From  the  "Mining  Journal." 


THE    MINES    OF    LAUE.ITJM. 

Erichthonius  was  king  of  Athens  1,400 
years  and  more  before  Christ,  at  the  time 
when  the  great  Sesostris  commanded  the 
armies  of  Egypt  in  Syria,  Mesopotamia, 
Armenia,  and  Asia  Minor,  and  Moses  led 
the  Hebrews  into  the  Wilderness  of  Sin. 
Then  were  first  discovered  the  silver-lead 
veins  running  between  the  mica  schist  and 
limestone  formations  of  the  promontory  of 
Laurium,  stretching  from  Cape  Sunium  to 
Athens.  So  Pliny  says.  From  its  moun- 
tain tops,  1,000  ft.  high,  the  spectator  be- 
holds the  peaks  of  Eubcea,  the  Isles  of  the 
Cyclades,  the  Bay  of  Salamis,  and  the  shores 
of  Argolis,  as  far  as  the  heights  of  Lacedaa- 
monia,  Corinth,  and  the  steeps  of  Arcadia, 
all  that  theatre  in  which  was  played  the 
immortal  drama  of  six  centuries,  from  the 
departure  of  Xerxes  to  the  arrival  of  the 
Goths. 

Under  the  government  of  Themistocles 
each  of  the  20,000  free  citizens  of  Athens 
received  10  silver  drachmas  annually  as  a 
State  tax  of  4  per  cent  on  the  total  product 
of  the  mines,  which,  therefore,  must  have 
amounted  to  4,800,000  drachmas,  or  £175,- 
000.  The  residue  of  the  Athenians,  280,000 
in  number,  were  slaves,  and  got  nothing. 
The  mines  were  worked  by  slaves.  Thirty 
years  later,  Pericles  built  with  the  silver  of 
Laurium  the  Parthenon  and  other  splendid 
monuments  of  Athens,  and  made  abundant 


preparations  for  the  long  and  costly  Pelo- 
ponesian  war.  The  State  leased  mining 
rights  which  were  perpetual,  alienable,  and 
transmissible  by  will,  for  sums  varying  from 
one  to  two  talents  (£220  to  £440),  and  the 
operators  hired  slaves  even  from  Macedonia 
and  Thrace.  There  was  a  "  metal  court  " 
and  "metallic  laws"  to  settle  contested 
boundaries,  underground  riots  and  contests, 
the  robbing  of  pillars,  and  the  improper 
driving  of  adits  and  galleries  to  the  injury 
of  neighboring  rights. 

The  war  broke  out.  Laurium  became  a 
marked  point  of  strategy.  The  coast  was 
ravaged,  the  mines  stopped  up.  Then  the 
invading  allies  were  driven  otf  and  the  mines 
re-opened,  and  the  Athenian  mint  resumed 
its  wonted  activity.  But  the  Syracusan  ex- 
pedition failed,  and  Attica  received  a  death 
wound.  Finally  the  traitor  Alcibiades  in- 
duced the  Spartans  to  make  thorough  work 
with  Laurium.  The  mining  regions  were 
again  invaded,  conquered,  desolated  ;  20,000 
slaves  revolted  and  lied.     Athens  fell. 

After  the  return  of  Thrasybulus,  some 
attempts  were  made  to  reorganize  the  mines, 
but  their  prosperity  never  returned.  Their 
skilled  labor  was  scattered ;  the  mining  and 
metallurgical  traditions  were  lost ;  the 
sources  of  capital  were  dried  up.  Xenophon 
indeed  wrote  a  work  on  "  Pevenue,"  devot- 
ing a  whole  chapter  of  it  to  the  mines  of 
Laurium,   proposing  the    opening    of   new 
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veins,  a  co-operative  enterprise  by  the  ten 
tribes  of  Athens,  and  the  fortification  of  the 
mining  districts  in  view  of  future  wars. 
And  his  counsels  were  listened  to.  For 
awhile  wealth  again  flowed  into  the  city. 
But  in  the  first  century  of  the  Christian  era  a 
grand  revolt  of  the  slave  miners,  who  were 
most  inhumanly  treated  by  the  operators, 
quenched  the  entire  industry  in  a  sea  of  fire 
and  blood,  never  again  to  be  revived  until 
18  centur  es  had  elapsed. 

In  Strabo's  time,  10  to  15  B.  C,  the  veins 
of  metal  were  accounted  to  be  exhausted  ; 
and  all  that  was  attempted  was  to  smelt  the 
debris  or  refuse  heaps  of  former  times.  No 
doubt  this  meant  only  that  the  workings 
had  reached  what  was  to  the  Greek  engi- 
neers an  unprofitable  depth.  There  is  no 
good  reason  lor  supposing  that  with  steam- 
hoisting  machines  and  pumps,  gunpowder 
and  ventilating  fans,  the  argentiferous  lead 
veins  would  not  be  more  productive  now 
than  ever  they  were  in  the  palmy  days  of 
Pericles.  Six  slaves  accomplished  no  more 
work  than  one  of  our  free  miners  with  the 
aid  of  powder  and  steam.  Their  only  tools 
were  an  iron  pick  with  a  flat  head,  and  a 
little  chisel,  made  of  round  iron  drawn  to  a 
point.  Yet  with  only  these  they  sunk  and 
drove  several  thousand  shafts  and  galleries, 
and  excavated  piecemeal  enormous  cham- 
bers in  the  marble  and  tough  mica  schist. 
The  most  ancient  works  communicate  with 
the  surface  by  long  inclined  gangways  ;  but 
subsequently  the  mining  grounds  were 
reached  by  vertical  pits  sometimes  350  ft. 
deep,  always  square  (usually  5  ft.  by  6  ft.), 
with  smooth  sides,  and  furnished  with  off- 
sets for  ladders  at  regular  distances.  In 
this  vast  labyrinth  of  abandoned  works  the 
marks  of  the  tool  are  as  fresh  as  if  made 
yesterday,  and  the  tools  themselves,  dropped 
at  the  signal  for  revolt,  are  found  lying  on 
the  heaps  of  fall.  The  galleries  along 
which  the  files  of  hod  carriers  took  up  their 
wretched  march  to  and  fro,  are  methodically 
marked  by  little  piles  of  stones,  long  since 
cemented  together  by  stalactite  concretion. 
Ancient  lamps  are  found  in  niches,  black 
with  ancient  smoke.  And  near  the  bot- 
toms of  the  pits  rude  sketches  made  in  the 
wall  with  a  pick,  mark  temporary  resting 
places  of  those  who  climbed  the  ladders  or 
posts  of  underground  foremen  who  regula- 
ted their  order  of  ascent.  But  not  a  lamp 
now  shines,  not  a  pick  is  heard,  not  a  ghost 
of  all  that  crowd  of  half-naked  and  half- 
desperate  workmen  remains  to  tell  the  tale. 


"When  the  mineral  reached  the  surface  it 
was  sledged  to  pieces  and  picked.  The 
leaner  ores  were  pounded  fine  in  mortars  of 
iron  or  hard  stone,  and  washed  to  increase 
its  fineness.  The  washing  troughs  are  very 
numerous ;  many  of  them  are  covered  over 
with  cinders  of  a  subsequent  age  when  the 
tailings  were  exploited  instead  of  the  mines. 
They  are  quadrangular  basins,  lined  with 
cement,  connected  by  channels,  the  whole 
forming  squares  of  35  or  40  ft.  on  a  side. 
In  the  midst  is  a  horizontal  area  slightly 
inclined.  The  gudgeon  holes  of  a  jigging 
machine  are  to  be  seen  in  the  sides  of  one 
of  these  basins,  the  others  serving  only  to 
receive  the  washed  ore  of  greatest  density 
and  richness.  Water  was  evidently  pre- 
cious, for  it  was  collected  in  great  cylindrical 
or  quadrangular  cisterns,  excavated  in  the 
rocks  and  cemented,  holding  from  3,500  to 
16,000  cubic  ft.  Eock-cut  stairways  served 
the  workmen  for  cleaning  out  the  pools. 

Enormous  mounds  of  tailings  exist  around 
the  mountains,  holding  6  to  7  per  cent,  of 
lead,  and  from  3|  to  4  oz.  of  silver  to  the 
ton.  The  foundries  were  ordinarily  placed 
near  the  mines,  but  some  were  on  the  sea- 
shore, at  Thorico,  Cypriano,  Ergasteria, 
Pacha,  and  Lagrana.  Others  were  distribu- 
ted among  the  villages  of  the  interior,  now 
called  Megala-pephka,  Berzeko,  Sinterini, 
etc.  Some  of  the  furnaces  have  been  dis- 
interred from  beneath  mounds  of  scoria. 
They  were  low  cylindrical  hollow  stones  of 
mica  schist  or  trachyte,  about  3  ft.  in  diam- 
eter, heated  with  charcoal  from  the  neigh- 
boring forests,  or  brought  from  the  moun- 
tains of  Macedonia  and  Thrace,  and  blown 
with  (goatskin)  bellows  worked  by  hand. 
High  chimneys  were  built  to  carry  off  the 
noxious  gases. 

The  products  of  fusion  were  :  1.  A  lead 
matt  holding  from  50  to  100  oz.  of  silver 
to  the  ton  ;  2.  Scoria ;  3.  Oxide  of  zinc, 
which  condensed  in  the  chimney  or  'on  the 
furnace  walls  in  layers,  and  was  sold  to  the 
physicians.  The  matt  was  then  cupelled 
under  a  current  of  air,  the  lead  oxidized  to 
litharge,  and  the  silver  button  left  in  the 
bottom  of  the  crucible.  Pliny  calls  the 
litharge  "  scum  of  lead."  It  was  sold,  part- 
ly revived,  making  an  impure  lead,  and 
manufactured  into  clamps,  tubes,  vases, 
cramps  for  masonry,  and  white  lead  paint. 

The  centuries  rolled  on.  Pirates  by  sea 
and  bandits  by  land  destroyed  mines,  man- 
ufactures, and  commerce  together.  Nor- 
mands,   Sicilians,  Catalans,  Venetians,  Gre- 
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noese,  and  Turks  by  turns  prevented  all 
possible  return  to  industry.  Chateaubriand 
in  1806  found  in  all  the  Laurium  peninsula 
but  one  poor  hamlet  of  800  souls.  In  1868 
the  district  was  headquarters  of  bandits 
obedient  to  a  little  king  called  Kytzos. 

One  evening  in  May,  1863,  two  gentle- 
men, one  French  the  other  Italian,  owners 
of  mines  in  Spain  and  Sardinia,  and  heavy 
merchants  of  Marseilles,  landed  from  a 
coasting  boat  on  the  long-deserted  beach  of 
ancient  Ergasteria,  at  the  head  of  a  lovely 
mountain-locked  harbor,  having  Helena's 
Isle  as  a  breakwater  in  front  of  it.  With 
the  practised  eye  of  men  accustomed  to  the 
search  of  metalliferous  deposits,  they  per- 
ceived the  value  of  the  mounds  of  debris 
which  the  old  miners  had  rejected,  and  then 
and  there,  without  further  delay,  they  enter- 
ed into  negotiations  with  the  Paredre  and 
Chinotis,  or  village  headman  and  his  coun- 
cil. They  found  that  some  of  the  property 
was  in  dispute  between  the  village  and  the 
Government.  However,  they  completed  the 
purchase  with  the  village,  determining  to 
make  it  right  with  the  Government  after- 
wards. A  treaty  of  purchase  was  formally 
made,  and  the  whole  village  turned  out  to 
celebrate  the  event  in  rejoicings  and  festivi- 
ties. The  explorers  returned  to  Athens, 
highly  delighted  with  their  prospects.  Count 
Amelot,  at  Athens,  arranged  that  the  Gov- 
ernment rights  should  not  stand  in  their 
way.  They  deposited  £400,  the  full  value 
of  Government  claims,  with  the  Treasurer 
of  State.  M.  Fiedler,  sent  by  the  Greek 
Government  in  1837,  and  M.  Biessegger  in 
1842,  had  pronounced  the  Laurium  district 
worthless.  But  the  new  comers  had  dis- 
covered refuse  heaps  concealed  beneath  the 
soil,  where  no  one  dreamed  of  anything 
valuable  being  concealed.  They  received  a 
concession,  or  mining  right,  covering  2,500 
acres,  or  six  square  miles,  comprising  about 
the  l-20th  part  of  the  metalliferous  surface  of 
Laiirium.  The  concession  included  the  right 
of  exploring  the  ancient  mines,  and  the 
right  to  the  silver  lead  ores  in  their  neigh- 
borhood. 

In  less  than  two  years  they  created  one 
of  the  grandest  lead  foundries  in  the  world. 
The  traveller  can  take  the  company's  steam- 
er "  Laurion"  at  the  Pirreus  of  Athens,  and 
find  in  the  harbor  of  Ergasteria  a  fleet  of 
Greek,  French,  and  English  vessels  ;  1,000 
ton  colliers  from  Newcastle  ;  here  a  steamer 
from  Marseilles  unloading  machinery,  tools, 
wagons,  rails ;  there    the    Greek  blockade- 


runner  of  Cretan  notoriety;  all  about, 
lateen  sail  craft  from  every  part  in  the 
Archipelago  laden  with  legumes,  fruit,  and 
fish ;  and  some  from  Lagrana  landing  scoria. 
On  shore,  to  the  left,  range  three  great 
sheds,  under  which  blaze  the  furnaces,  in 
front  of  which  run  serpent-like  streams  of 
black  lava,  or  modern  cinder,  which  a  crowd 
of  half-naked  workmen  pry  up,  break  off', 
and  convey  two-thirds  of  a  mile  away,  in 
wagons  by  a  trarnroad,  round  to  a  southern 
shore  of  the  bay.  From  the  fusion  sheds 
runs  what  looks  like  an  aqueduct  on  arches, 
the  gallery  for  condensation  of  the  fumes, 
ending  in  a  chimney  mounted  on  an  isolated 
hill,  4,700  ft.  distant.  Between  the  sheds 
are  the  blowing-engines,  constructed  in 
Marseilles,  and  roaring  night  and  day.  To 
the  right  are  the  store-houses,  superintend- 
ent's office,  free  hospital  for  workmen,  sta- 
bles for  300  horses,  and  a  populous  village, 
dominated  by  a  many-colored  Greek  church, 
in  which  almost  every  figure  and  custom  in 
Europe  may  be  seen. 

To  bring  the  materials  of  manufacture 
from  heaps  scattered  over  a  district  having 
a  radius  of  from  6  to  10  miles,  about  45 
miles  of  perfectly  macadamized  roads  di- 
verge from  the  port,  cross  the  ravines  by 
substantial  bridges,  and  ascend  the  slopes. 
They  are  almost  the  only  roads  existing  in 
good  order  in  the  kingdom  of  Greece  ;  300 
horses  draw  down  in  wagons  every  day  400 
tons  of  scoria  to  be  washed,  enriched,  and 
smelted  over  again ;  and  the  works  could 
handle  more  than  they  receive.  It  takes  5 
tons  of  debris  to  give  1  ton  of  mineral  pro- 
per for  fusion.  The  colossal  waterworks  are 
capable  of  washing  500  tons  a  day.  Finally, 
a  railroad  (of  3  ft.  4  in.  gauge  and  6  miles 
long)  is  undertaken  to  reach  the  most  im- 
portant of  the  debris  mounds  in  the  valleys 
of  Camaresa  and  Berzeko,  on  the  other  side 
of  a  watershed,  450  ft.  high,  through,  which 
it  passes  by  tunnel.  Eighteen  months  suf- 
ficed for  its  construction,  and  three  powerful 
Mulhousen  locomotives  draw  trains  of  110 
tons,  over  gradients  of  26  to  1,000  in  6-ton 
wagons  built  at  Lyons.  The  rails  were  roll- 
ed at  Besseges ;  the  repair  shop,  machine, 
tools,  got  up  by  Bouhey,  in  Paris.  But  the 
two  steam-engines  for  the  washing  grounds, 
of  90-horse  power  each,  made  in  Belgium, 
were  not  transported  to  Greece  because  the 
wretched  Government  of  this  worthless  little 
country  took  advantage  of  the  German  in- 
vasion of  France  to  inaugurate  a  reactionary 
policy  towards  these  foreign  regenerators  of 
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home  manufacture  worthy  of  the  worst  days 
of  the  worst  audmost  unhappy  countries. 

The  sudden  conversion  of  a  desert  into  a 
source  of  such  vast  wealth  excited  the  cu- 
pidity alike  of  the  Greek  Government  and 
of  the  brigands  to  whom  it  grants  protection. 
Kytzos  demanded  £2,  000  as  the  price  of  leav- 
ing the  Company  alone,  but  was  fortunately 
killed,  before  he  could  enforce  his  demand, 
and  Spagnos,  who  succeeded  Kytzos  and 
Arranitakis,  since  of  melancholy  notoriety, 
also  attempted  on  one  occasion  to  seize  the 
Director-General  of  the  mines,  and  finally 
a  pitched  battle  was  on  the  point  of  being 
fought  between  a  Greek  company  and  the 
Franco-Italians,  which  was  only  averted  by 
the  arrival  of  troops  from  Athens.  Public 
feeling  at  last  got  so  worked  up  in  Greece 
at  the  sight  of  a  number  of  foreigners  ex- 
porting their  mineral  wealth  and  pocketing 
the  profits,  that  the  Government  was  forced 
to  pass  a  law  declaring  all  scoria  and  debris 
of  old  mines  Government  property  and  giv- 
ing the  law  a  retrospective  effect,  on  the 
strength  of  which  they  claimed  not  merely  an 
exorbitant  tax  from  the  Laurium  Company 
for  the  future,  but  a  sum  of  £80,000  for 
back  payment  for  the  eight  years  before  the 
law  was  made.  This  the  Company  natu- 
rally refused  to  pay,  and  the  diplomatic 
agents  of  the  two  Governments  found  them- 
selves compelled  to  interfere  to  protect  their 
subjects  from  so  extortionate  a  demand. 
The  Greeks  continued  more  obstinate  as 
they  perceived  the  richness  of  the  prize  won 
by  the  foreigner,  the  value  of  which  was 
estimated  by  their  own  official  reports  at  a 
milliard  of  francs.  The  Company  in  despair, 
after  the  events  of  the  last  two  years  have 
so  completely  crippled  the  power  and  in- 
fluence of  France,  of  being  able  to  continue 
to  work  her  property  in  security,  offered  at 
last  to  sell  for  £560,000  to"  the  Greek 
Government  what  the  latter  valued  at  a 
milliard.  An  agreement  to  this  effect  was 
made  with  Komoundorous,  then  Prime 
Minister,  and  he  promised  to  bring  in  a  Bill 
authorizing  the  sale.  At  the  last  moment, 
however,  he  perceived  that  no  such  Bill 
would  be  carried,  and  attempted  to  post- 
pone it.  The  King  would  not  permit  this 
breach  of  faith,  and  Komoundorous,  rather 
than  face  the  inevitable  defeat  which  it 
would  entail,  resigned.  He  was  succeeded 
by  Deligeorgis,  who  has  written  a  me- 
morial defending  the  law,  and  receding 
from  the  agreement  of  his  predecessors. 
He  has  proposed,  indeed,  to  abolish 
the  law,  and  let  the  question  be  tried  by  the 


Judges ;  but  this  is  a  manifest  absurdity,  as 
the  dispute  only  arises  out  of  a  law  which 
would  then  not  exist,  so  that  the  question 
itself  would  fall  to  the  ground.  Meantime, 
the  French  and  Italian  Governments  are 
both  beginning  to  lose  patience.  There  is 
no  doubt  that  under  the  Empire  Franco 
would  not  have  tolerated  for  a  day  the  ac- 
tion of  the  various  Greek  Cabinets,  whose 
ruin  the  Laurium  question  has  successively 
involved  in  this  matter  ;  and  there  is  a  limit 
even  to  French  patience  just  now,  while  the 
Italian  Government  is  rising  into  a  position 
of  such  European  importance  that  it  may 
not  be  loath  to  take  advantage  of  the  occa- 
sion which  is  thus  afforded  of  asserting  with 
a  strong  hand  the  justice  of  its  claim. 

All  that  remains  to  add  to  this  already 
extended  notice  of  the  Laurium  enterprise 
are  the  statistics  of  work  done.  Nothing  is 
handled  which  contains  less  than  from  8  to 
12  per  cent,  of  lead.  When  properly  mixed, 
the  materials  are  charged  with  coke  into  cyl- 
indrical fires  4  ft.  8  in.  high,  blown  with 
fans.  The  cinder  which  escapes  below  still 
holds  from  '2.2  to  3  per  cent,  of  lead  ;  2  per 
cent,  more  is  carried  off  in  fumes.  The 
residue  is  drawn  off  twice  a  day  in  pigs 
marked  "Ellas."  This  bar  lead  (very  anti- 
monious)  contains  only  from  10^  to  14  oz. 
of  silver  to  the  ton.  A  part  of  it  is  refined 
at  the  works  and  marked  "  Fos."  Both 
brands  are  sent  to  England  in  exchange  of 
coal.  No  cupellation  is  attempted  atErga- 
sterial.  Each  fire  passes  30  to  35  tons  of 
scoria  per  day,  and  12  of  the  18  fires  are  in 
blast  night  and  day.  The  annual  product  is 
9,000  to  10,000  tons  of  lead,  which  is  almost 
equal  to  half  to  the  entire  make  of  France. 

¥  esteem  River  Levels. — The  Mississippi 
river  is  2,616  miles  in  length,  and  is 
1,680  ft.  above  the  level  of  the  Gulf  at  its 
utmost  source.  At  St.  Paul  it  is  660  ft. 
above  the  Gulf  level ;  at  the  head  of  Pock 
Island  Papids,  505  ft ;  at  St.  Louis,  407  ft. ; 
at  Cairo,  322  ft ;  at  Memphis,  221  ft. ;  at 
Natchez,  66  ft. ;  at  New  Orleans,  and  at  the 
head  of  the  passes,  2  ft.  9  in.  Arkansas 
rises  1,514  miles  from  its  entrance  into  the 
Mississippi,  and  10,000  ft.  above  the  Gulf; 
at  Fort  Smith,  418  ft.;  at  Little  Pock,  252 
ft. ;  at  its  mouth,  162  ft.  The  Missouri  rises 
2,908  miles  from  its  entrance  into  the  Missis- 
sippi, and  6,800  ft.  above  the  Gulf  level ;  at 
Fort  Benton  it  is  3,815  ft.  above  the  Gulf; 
at  Sioux  City,  1,065  ;  and  at  St.  Joseph,  756 
ft.  The  Ohio  is  609  ft.  above  the  Gulf  at 
Pittsburgh,  and  532  ft.  at  Cincinnati. 
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From   "The  Engineer." 


The  fact  that  a  committee  of  inquiry  into 
the  whole  question  of  the  utilization  of 
sewage  was  appointed  some  time  ago  by  the 
British  Association  was  probably  due  to 
two  causes.  One  was  the  desire  on  the 
part  of  the  Association  to  arrive  at  a  true 
solution  of  a  question  so  important,  and  the 
other  the  opinion  entertained  by  many, 
that  the  report  of  the  Rivers  Pollution  Com- 
mission was  exceptionally  severe  upon  some 
of  the  methods  which  had  been  put  forward 
as  affecting  the  result  as  yet  unattained.  In 
furtherance  of  this  object  a  sum  of  money 
was  appropriated  to  the  purpose,  and  the 
members  of  the  committee  at  once  commenc- 
ed their  labors.  Before  proceeding  to  draw 
the  attention  of  our  readers  to  the  nu- 
merous instructive  and  interesting  details 
which  characterize  the  last  report  of  the 
Committee  on  the  Utilization  of  Sewage,  it 
may  be  stated  that  it  confirms  the  views  we 
have  always  held  on  the  subject,  and  with 
consistency  expressed  in  our  columns.  One 
of  the  most  novel  principles  of  treating 
sewage  on  the  irrigation  plan  is  that  intro- 
duced about  two  years  ago  at  Merthyr 
Tydvil.  This  especial  method  of  downward 
filtration  we  have  already  designated  under 
the  title  of  "  cubical  irrigation,"  inasmuch 
as  the  depth  of  the  soil  acted  upon  by  the 
sewage  becomes  an  important  element  in 
the  operation,  and  the  term  also  serves  to 
distinguish  it  from  the  ordinary  or  super- 
ficial irrigation.  The  great  advantage  of 
this  method  is  that  but  a  small  area  of 
ground  comparatively  is  required  to  effect 
the  purpose.  It  must  be  borne  in  mind 
that  the  term  "  utilization "  of  sewage  is 
rather  a  misnomer  when  applied  to  cubical 
irrigation.  This  treatment  does  certainly 
purify  and  render  innocuous  the  sewage, 
but  does  not  economize  or  make  use  of  its 
valuable  manurial  properties  to  the  same  ex- 
tent as  superficial  irrigation.  It  is  un- 
questionably rather  a  plan  for  the  purifi- 
cation than  the  utilization  of  sewage.  There 
is  one  fact  which  was  elicited  by  the  inquiry 
at  Merthyr  Tydvil,  which  is  unfortunately 
but  too  common.  A  comparison  of  the 
quantities  of  sewage  and  of  the  effluent 
water  proves  that  the  latter  is  more  than 
double  the  former,  and  a  careful  investiga- 
tion further  showed  that  the  rainfall  was 
not  sufficient  to  account  for  the  very  large 
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increase.  "Whence,  then,  did  it  come  ? 
Observations  subsequently  revealed  that  it 
was  due  to  the  river,  and  that  a  complete 
system  of  percolation  existed  in  the  soil  be- 
tween the  river  and  the  drains.  To  set  the 
matter  beyond  a  doubt  trial  holes  were  dug 
in  a  field  in  the  vicinity  of  the  filtering 
beds,  and  it  was  found  that  the  same  thing 
occurred.  When  the  water  rose  and  fell 
in  the  river  there  was  a  corresponding  vari- 
ation of  the  level  of  it  in  the  holes.  It  is 
easy  to  imagine  in  what  condition  the  water 
supply  of  the  town  must  be  if  the  inhabi- 
tants are  in  the  habit  of  having  recourse  to 
wells.  One  can  realize  the  statement  so- 
frequently  made,  that  in  such  cases  the 
people  do  not  pump  water,  but  sewage. 

The  plan  of  deodorizing  sewage  and  pre- 
cipitating solid  matters  carried  on  at  the 
Union  Workhouse  of  Stoke,  was  the  subject 
of  one  of  the  many  inquiries  of  the  commit- 
tee. From  first  to  last,  charcoal  is  the 
filtering  agent  employed  in  the  process.  A 
very  curious  phenomenon  was  observed  in 
this  instance,  and  one  exactly  the  reverse  of 
that  which  took  place  at  Merthyr  Tydvil. 
The  quantity  of  eewage  gauged  amounted 
to  5,000  gallons,  while  that  of  the  effluent 
water  only  reached  the  total  of  2,000  gal- 
lons. Where  the  remainder  went  is  a  mys- 
tery. The  charcoal,  as.  proved  by  analysis, 
absorbed  a  large  portion  of  it,  but  nothing 
in  proportion  to  the  quantity  that  escaped 
somewhere  or  other.  What  also  renders 
this  result  somewhat  anomalous  is  that 
there  must  have  been  some  dilution,  which 
nevertheless  had  no  effect  in  increasing  the 
quantity  of  the  effluent  water.  That  the 
suspended  matter  should  be  removed  is 
only  Avhat  is  to  be  expected  from  any  de- 
scription of  filtration,  especially  when  con- 
ducted upon  a  scale  so  limited  as  that  of  a 
workhouse  containing  not  more  than  750 
inmates.  A  corresponding  reduction  in  the 
amount  of  the  ammonia  and  organic  nitro- 
gen would  also  be  looked  for.  So  also 
would  be  the  result,  which  Avas  that  no  oxi- 
dation took  place,  no  nitrates  or  nitrites 
were  discovered  in  the  effluent  water,  which 
was  to  all  intents  and  purposes  a  dilute 
sewage,  and  "  had  a  strong  smell  of  sew- 
age." Although  the  process  adopted  at 
the  locality  in  question  is  evidently  utterly 
unfit   for   an    extended    application,  yet   it 
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must  not  be  supposed  that  all  the  deodoriz- 
ing and  disinfecting  methods  are  limited  to 
so  narrow  a  range  of  operation.     That  they 
do   not,  in  our  opinion,  fulfil   those    condi- 
tions which  are  essentially  requisite  in  any 
scheme  for  the  complete  and  profitable  util- 
ization of  sewage,  is  a  subject  to  which  no 
reference   need  now  be  made.     It  will  be 
seen  as  we  proceed  that  the  committee  give 
the  preference   to   irrigation    as    the   mode 
best  calculated  to  effect  the  desired  object. 
Prom  what   has   been    already  stated  with 
regard  to  cubical  irrigation,  it  might  be  as- 
sumed that  it  was  not  adapted  to  the  pur- 
pose ;  but  it  must  not  be  forgotten  that  it  is 
intended  always  to  employ  it  in  conjunction 
with  the   ordinary  or  superficial  irrigation, 
otherwise  the  plan  will  not  answer  the  ex- 
pectations formed  of  it.     It  is  evident  that 
the  soil   cannot   be  made  at  one    and   the 
same  time  a  mere  filter  bed  and  a  prolific 
producer  of  vegetables  and  crops.     Satura- 
tion must  sooner  or  later  be  the  result  of 
continuous   downward  filtration.     It  is  for 
this  very  reason  that  wherever  it  is  possible 
this  system  must   be    carried   out   on   the 
intermittent  principle,  which,  combined  with 
deep    subsoil   drainage,  will   accomplish  a 
great  deal  in  preventing  the  saturation  that 
would  otherwise  ensue.     The  obvious  pre- 
ventive against  saturation  is  taking  care  to 
acquire  a  sufficient  area  of  land  upon  which 
to  distribute   the  sewage — a   condition  be- 
coming   daily  more    and   more    difficult   to 
comply  with.     Without  wishing  to  assume 
at  present  that  the   irrigation   principle  is 
able  to  solve  the  sewage  problem  by  effect- 
ing the  two  indispensable  results,  viz.,  the 
purification  and  utilization  of  the  sewage, 
there  is  no  necessity  to  advance  arguments  to 
prove  incontestably  that  hitherto  the  other 
methods  have  not  been  able  to  accomplish 
that  double  object.     Let  us  take  Ealing  for 
example.      Two    systems    of  deodorization 
and   precipitation   have  been  tried  at  that 
place.     The  first  consisted  in  causing  the 
sewage  to  pass  into    depositing   tanks   and 
afterwards  through  a  filtering  medium  7  ft. 
in  thickness.     The  plan  failed  to  purify  the 
sewage  to  the  extent  required.     The  efflu- 
ent water  was  not  of  a  quality  fit  to  be  dis- 
charged  into    a   stream  or  natural  water- 
course.    The  second  attempt  to  deal  with 
the  matter  was  made  under  the  auspices  of 
General  Scott,  whose  principle  is  well  wor- 
thy of  attention.     It  does   not   pretend  to 
accomplish  what  many  other  methods   do, 
either  with  respect  to  purifying  the  sewage 


so  as  to  allow  of  it  being  discharged  into  a 
river,  or  to  rendering  it  suitable  as  an  arti- 
ficial manure.  It  is  nevertheless  possible 
that  this  last  result  might  be  obtained. 
The  peculiarity  in  the  process  in  question  is, 
that  if  the  dried  material  or  sludge,  as  it  is 
called,  should  be  too  poor  in  manurial  value 
to  obtain  a  marketable  price,  and  if  it 
should  also  be  of  no  use  as.  a  cement,  it  can 
be  burned  away — consumed  without  any 
risk  of  a  nuisance  being  established.  One 
of  the  difficulties  attending  this  process,  and 
one  which  attends  all  of  a  similar  charac- 
ter, is  that  of  drying  the  sludge.  This  is  a 
known  difficulty  in  the  ABC  process,  of- 
which  it  may  be  remarked  that  it  must  be 
very  discouraging  to  those  who  advocate  its 
adoption,  that  no  tangible  evidence  of  its 
success  at  Crossness  has  been  forthcom- 
ing. 

Passing  on  to  sewage  farms,  there  is  a 
great  deal  in  the  report  of  the  committee  to 
encourage  those  who  give  the  preference  to 
irrigation  over  all  other  matters  for  effecting 
the  utilization  of  sewage.  .  We  have  fre- 
quently adverted  to  the  absolute  necessity 
of  attending  strictly  to  two  principal  points. 
One  is  deep  draining,  and  the  other  the 
proper  and  scientific  laying  out  of  the  ground. 
Farmers  have  yet  a  great  deal  to  learn  in 
this  respect,  and  some  of  the  failures  that 
have  attended  irrigation  on  a  small  scale 
are  undoubtedly  due  to  the  ignorance  and 
prejudice  displayed  by  those  who  undertook 
the  carrying  out  of  that  which  they  knew 
nothing  about.  The  sewage  farm  at  Earls- 
wood  is  an  instance  in  which  these  essential 
details  have  been  altogether  ignored,  and 
the  consequence  is  that  neither  is  the  land 
benefited  by  the  sewage,  nor  the  sewage 
purified  by  the  land.  These  two  operations 
are,  in  fact,  one,  and  the  successful  perfor- 
mance of  the  one  is  a  guarantee  for  that  of 
the  other.  As  a  corroboration  of  our  re- 
marks with  regard  to  the  necessity  for 
underdraining,  the  case  of  a  field  of  beans, 
grown  on  the  sewage  farm  at  Tunbridge 
Wells,  may  be  quoted.  One  portion  of  the 
crop  was  heavy  and  healthy  looking,  and  the 
other  very  poor  and  stunted,  and,  notwith- 
standing this  manifest  difference  in  the 
quality  and  quantity,  the  whole  field  had 
been  uniformly  flooded  with  sewage.  The 
reason,  however,  for  the  circumstance  be- 
came clear  upon  a  little  further  inquiry, 
when  it  was  elicited  that  the  part  of  the 
field  upon  which  the  superior  crop  was 
grown  had  been  underdrained  to  a  depth  of 
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4  ft.,  while  no  such  an  operation  had  been 
carried  out  in  the  other  part  of  the  field.  It 
is  to  be  hoped  that  the  practical  nature  of 
this  test  will  be  duly  appreciated  by  all 
those  who  may  in  future  be  engaged  in  sew- 
age irrigation.  A  hint  as  to  the  value  of 
sewage  as  a  simple  irrigator  may  also  be 
taken  from  the  fact  that  on  the  same  farm 
a  large  field  of  turnips  was  discovered  to 
be  infested  with  the  fly.  The  field  was  at 
once  flooded  with  sewage,  the  fly  destroyed, 
and  the  crop  saved.  If  we  sum  up  the  con- 
clusions arrived  at  by  those  who  listened  to 
and  discussed  the  various  papers  and  re- 
ports read  at  the  last  meeting  of  the  British 
Association  relating  to  the  sewage  question, 
they  will  be  found  to  be  almost  unanimous 
in  favor  of  the  irrigation  principle. 

Without  wishing  to  assert  that  an  arti- 
ficial marketable  manure  cannot  be  prepared 
from  deodorized  and  precipitated  sewage, 
yet  some  attention  must  be  given  to  those 
who  are  the  best  judges  on  the  matter. 
These  are  the  farmers,  who  buy  manure, 
natural  and  artificial.  They  state  that 
deodorized  sewage  is  not  only  worthless  as  a 
manure,  but  positively  injurious  to  the 
present  crops  and  to  the  land  as  well, 
having  regard  to  the  future  crops  to  be 
raised  on  it.  There  was  a  great  deal  of 
good  sense  and  truth  in  the  remarks 
made  respecting  the  action  taken  by  the 
Government  in  sewage  matters.  We  have 
already  expressed  our  own  opinion  on  this 
point,  and  shown  that  unless  Government 
takes  some  measures  to  help  local  authori- 


ties out  of  their  difficulty,  instead  of  thwart- 
ing them  and  throwing  obstacles  in  their 
way  when  they  are  endeavoring  to  do  that 
which  is  right,  there  is  no  use  in  attempting 
to  utilize  sewage  on  the  irrigation  principle. 
The  case  of  West  Ham  is  a  prominent  one. 
The  local  authorities  were  willing  to  expend 
a  considerable  sum  of  money  in  carrying 
out  their  object,  but  the  Government  refus- 
ed their  consent  to  the  plan.  Their  refusal 
was  based  upon  the  report  of  an  inspector 
sent  down  by  them,  who  was  a  well-known 
opponent  of  sewage  irrigation.  The  whole 
inspection  was  therefore  a  mere  farce,  the 
case  having  been  virtually  prejudged  and 
antecedently  decided  upon.  There  are 
other  well-known  instances  which  could  be 
adduced  in  evidence.  In  spite  of  cubical 
irrigation,  which  has  to  some  extent  dimin- 
ished the  "  land  difficulty,"  that  still  re- 
mains the  great  obstacle  to  sewage  irriga- 
tion. Our  own  opinion  is  that  the  land  can 
be  obtained.  Land  is  obtained  for  rail- 
ways and  other  purposes  which  partake  a 
good  deal  more  of  the  nature  of  an  expedi- 
ency than  necessity.  The  health  and  sani- 
tary welfare  of  the  public  are  of  infinitely 
more  importance  than  rapid  transport  from 
town  to  town.  It  is  not  too  much  to  assert 
that  whole  districts  are  depopulated  in  order 
to  obtain  land  for  our  city  railways  and 
streets,  and  yet  not  an  acre  can  be  obtained 
in  the  open  country  for  the  purpose  of  re- 
lieving the  inhabitants  of  large  towns  from 
one  of  the  most  serious  and  dangerous  evils 
that  a  nation  ever  had  to  deal  with. 


ON  THE  INCREASING  SPIRAL  IN  HEAYY  RIFLED  ORDNANCE. 

By  COMMANDER  W.  DAWSON,  R.  N. 


From  the  "Journal  of  tlie  Society  of  Arts." 


Rotation  is  usually  imparted  to  elongated 
projectiles  by  means  of  ribs,  studs,  or  other 
projections,  which,  in  their  exit  from  the 
gun,  traverse  suitable  parallel  grooves  or 
slots,  cut  to  receive  them  in  the  bore,  at  an 
angle  with  the  axis  of  the  piece  proportioned 
to  the  desired  rapidity  of  spin.  When  the 
angle  which  the  slots  make  with  the  axis  of 
the  gun  is  the  same  throughout,  uniform 
spirals  are  the  result ;  but  when  the  angle 
becomes  greater  towards  the  muzzle,  the 
grooves  form  curves  known  as  increasing 
spirals.  If  the  bore  be  conceived  as  laid 
open  like  a  flat  surface,  the  uniform  spirals 
will  appear  as  straight  lines,  the  "  uniformly 
increasing    spirals"     as    parabolas.       Each 


point  in  those  parabolas  makes  a  different 
angle  with  the  axis  of  the  gun,  and  would 
impart,  if  possible,  a  different  amount  of 
rotation  to  every  part  of  the  projectile.  As, 
however,  a  rigid  iron  cylindrical  body  can- 
not have  every  point  in  its  length  rotated  at 
different  speeds,  one  "driving"  point,  or 
ring  of  "  driving"  points,  is  selected  in  rear 
of  the  centre  of  gravity,  on  which  the  whole 
effort  of  rotation  is  concentrated.  A  second 
ring  of  "  guiding"  points  before  the  centre 
of  gravity,  being  made  to  fit  the  grooves  veiy 
loosely,  tend  to  check  any  extraordinary  de- 
viation from  the  prescribed  route.  By  a 
strange  hallucination,  even  in  the  uniform 
spiral  "Woolwich"  guns,  the  effort  of  rota- 
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tion  is  concentrated  on  two  soft  non-center- 
ing points  in  each  groove,  instead  of  being 
diffused  over  a  long  iron  centering  bearing 
extending  along  the  whole  cylindrical  body 
of  the  projectile.  Of  the  19  riiied  guns  now 
in  the  naval  s-ervice  18  have  uniform  spirals, 
which  complete  one  turn  in  20,  80,  85,  30.', 
87,  3^,  and  40  calibres ;  four  have  their 
grooves  cut  as  "  uniformly  increasing  spir- 
als," beginning  as  parallel  straight  lines  at 
their  origin,  progressing  as  parabolas,  and 
ending  at  the  muzzle  with  one  turn  in  85, 
40  or  45  diameters  ;  whilst  two  guns  have  a 
compromise  between  the  two  forms  of  spiral, 
the  grooves  beginning  as  curves  of  one  turn 
in  100  calibres,  and  ending  at  the  muzzle 
with  one  turn  in  40  or  50  diameters.  This 
diversity  of  twist  aptly  illustrates  the  guess- 
work which  obtains  as  to  the  proper  angle 
of  spiral,  and  as  to  the  consequent  rapidity 
of  spin  necessary  to  insure  stability  of  flight. 
Experiments  were  made  in  1864-65,  to  de- 
termine the  influence  of  various  degrees  of 
twist  with  uniform  spirals  upon  the  initial 
velocities,  from  6.3-in.,  7  ton,  "shunt"  guns, 
but  no  notice  is  recorded  of  the  correspond- 
ing stabilities  of  flight.  From  these  it  was 
ascertained  "  that  the  velocity  increases  as 
the  amount  of  twist  decreases,  up  to  a  cer- 
tain point,  viz.:  one  turn  in  50  (?  40)  cali- 
bres, where  the  velocity  is  greatest ;  it  then 
commences  to  diminish.  The  loss  of  velocity 
in  the  higher  twists  is  probably  due  to  in- 
creased friction  in  the  passage  of  the  pro- 
jectile through  the  bore.  The  diminution  of 
velocity  in  the  case  of  the  low  twist  is  most 
likely  owing  to  the  projectile  not  being  re- 
tarded sufficiently  to  admit  of  the  complete 
combustion  of  the  charge."  The  initial  ve- 
locities were : — 
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To  know  what  effect  the  angle  of  uniform 
spiral  has  on  stability  of  flight,  the  chief 
object  for  which  rifling  is  adopted,  we  must 
turn  to  Sir  Joseph  Whitwurth,  who  has 
worked  out  experimentally  the  relation  be- 
tween the  length  of  the  projectile,  expressed 
in  diameters,  and  the  rapidity  of  twist,  as  it 
affects  the  polygonal  iron-bearing  centering 
system.  This  was  tried  with  a  1  ft.  gun  of 
about  1\  in.  calibre,  firing  25  oz.  charges  at 
3  in.  elevation.  It  was  found  that  one  turn  in 
84.35  calibres  gave  perfect  spin  to  shot  3 
diameters  in  length;  that  one  turn  in  15.20 
calibres  spun  shot  6  diameters  long  perfectly ; 
and  that  one  turn  in  7.13  calibres  sent  shot  of 
7  diameters  perfectly  true  and  point  first. 
These  results  have  been  verified  as  regards 
several  angles  of  spiral  in  larger  calibres, 
so  that  Sir  Joseph  Whit  worth  now  recom- 
mends one  turn  in  18  calibres  for  heavy 
guns,  which  is  capable  of  giving  perfect 
rotation  to  projectiles  5  diameters  long  ; 
whilst  the  French  or  "  Woolwich"non-cen- 
tering  short-bearing  system  gives,  with  one 
turn  in  35  calibres,  only  a  wabbling, waltzing, 
movement  to   shell  of  2|  to  3  calibres. 

No  experiments  exist  as  to  the  influence 
of  various  degrees  of  final  muzzle  twist  upon 
the  initial  velocity,  nor  upon  the  stability  of 
flight,  in  the  case  of  spirals  the  angles  of 
which  increase  rapidly  at  the  muzzle.  The 
amount  of  spin  is,  in  these  cases,  determin- 
ed by  the  well-known  formula  familiarly 
called  "  the  rule  of  thumb." 

The  professed  object  of  introducing,  in 
1865,  increasing  spirals  for  the  stronger  and 
heavier  wrought-iron  coil  guns,  was  the 
supposition — 1st,  that  the  projectiles  would 
slip  away  more  rapidly  from  their  seats  next 
the  powder  chambers  than  when  uniform 
spirals  were  employed  ;  2d,  that  these  as- 
sumed quicker  commencing  velocities  would 
considerably  reduce  the  maximum  powder 
pressures  in  the  chambers ;  and  3d,  that 
this  supposed  great  relief  to  the  chambers 
would  prolong  the  fives  of  guns. 

Now,  here  are  three  distinct  guesses,  each 
one  of  which  is  opposed  to  experience  : — 

1st.  In  the  heavy  gun  competition  of  1863- 
5,  where  all  the  conditions,  except  the  rifling 
projections  and  grooves,  were  identical, 
Scott's  uniform  spiral  7  in.  gun  projected 
its  iron-bearing  flanged-centring  llO  lbs. 
shot  from  its  muzzle  59  ft.  faster,  inflicting  • 
a  muzzle  blow  133  foot-tons  heavier  than 
the  similar  French,  or,  as  it  is  now  mis-call- 
ed, "Woolwich"  gun,  with  increasing  spiral 
and   studs,    the   report   stating  that    "  the 
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French  system  has  decidedly  the  lowest  ve- 
locities." Again,  1865,  two  7-in.  guns  were 
rifled  with  the  same  final  angle  of  twist,  on 
the  French  or  "  Woolwich  "  system  ;  one 
with  uniform  and  the  other  with  increasing 
spiral;  and  the  latter  gave  21.2  ft.  less  initial 
velocity,  and  56  foot-tons  lighter  muzzle 
blow.  The  Professor  of  Artillery  at  Wool- 
wich mentions  in  his  "  Modern  Artillery," 
the  case  of  an  8-in.  gun  which  gave,  with 
uniform  spiral,  35  ft.  more  initial  velocity, 
and  116  foot- tons  heavier  muzzle  blow  than 
its  increasing  spiral  competitor.  Against 
these  facts  we  have  guesses,  but  not  a  single 
experimental  datum. 

"Id.  The  Committee  on  Explosives  have 
recently  discovered  that  the  maximum  pow- 
der pressure  is  relieved  when  the  shot  has 
moved  one-quarter  of  an  inch  in  its  seat 
when  using  rifle  large  grain  powder,  and  6 
in.  when  using  pebble  powder.  They  have 
not  discovered  that  the  shot  moves  through 
the  first  quarter  of  an  inch  of  its  motion 
quicker  with  either  the  uniform  or  the  in- 
creasing spiral  of  the  same  final  angle  ;  nor 
is  it  at  all  likely  that  they  ever  will  do  so. 
But  they  have  found  that  the  gun  in  its 
rifled  state  sustains  somewhat  less  powder 
pressure  than  when  firing  the  same  charges 
as  a  smooth-bore.  If,  then,  any  difference 
of  maximum  pressure  in  the  chamber  can  at 
any  future  time  be  proved  to  obtain  between 
the  two  forms  of  spirals  having  the  same 
final  angle,  it  is  difficult  to  foresee  in  favor 
of  which  it  will  be  found,  but  we  are  justifi- 
ed in  assuming  that  it  will  be  so  infinitesimal 
as  to  be  rather  a  curious  philosophical  phe- 
nomenon than  a  practical  consideration  for 
artillerists. 

"6d.  If  we  regard  the  shot  in  its  seat  as  a 
valve  moved  by  internal  pressure,  it  is  quite 
evident  that  the  maximum  pressure  which 
is  relieved  by  that  motion  cannot  extend 
outside  the  position  of  the  base  of  the  projec- 
tile at  the  moment  when  that  pressure  is 
registered.  In  other  words,  all  the  evil 
effects  upon  the  gun  due  to  the  direct  action 
of  the  maximum  powder  pressure  must  occur 
either  in  the  charge  chamber  or  within  a 
quarter  of  an  inch  of  it,  if  using  R.  L.  G. 
powder,  or  within  6  in.  of  it  with  pebble 
powder.  The  only  exceptions  there  can  be 
to  this  rule,  are  when  the  lateral  wrio-o-lmo- 

7  DO  ID 

or  vertical  hammering  action  of  the  wab- 
bling projectile  causes  a  momentary  ob- 
struction, and  the  area  of  the  maximum 
powder  pressure  might  naturally  extend  to 
the  point  where  the  jam  occurs  ;  or,  when 


the  projectile  breaks  up,  and  the  pieces  be- 
come permanently  wedged  in  the  bore,  in- 
flicting a  blow  which  causes  the  gun  to  burst 
explosively,  as  has  repeatedly  occurred. 
When,  then,  the  shot  is  free  to  escape,  the 
life  of  the  gun  is  not  materially  affected  by 
differences  of  powder  pressure  within  the 
possible  limits  which  could  obtain,  under  any 
rational  supposition,  between  guns  rifled 
with  the  same  final  angle  of  twist  on  the 
uniform  and  on  the  increasing  systems. 
There  is  now  in  use  in  Woolwich  a  10  in. 
18-ton  gun,  having  18  in.  holes  bored  right 
through  its  walls,  for  crusher  gauges,  which 
has  fired  in  that  state  several  hundred  0<J  to 
87 ^  lb.  charges  with  400  lb.  projectiles, 
and  has  sustained  maximum  pressure  of  60 
foot-tons,  being  within  3  tons  of  as  great  a 
strain  as  that  sustained  by  the  35  ton  gun 
in  firing  its  heaviest  (130  lbs.)  charge  with 
a  700  lb.  projectile  ;  yet,  Ave  are  told  that  the 
interior  of  that  mutilated  gun  has  not  suffer- 
ed from  these  excessive  powder  pressures. 
An  8  in.  gun  of  only  Q\  tons  weight,  instead 
of  9  tons,  with  16  in.  holes  through  its  walls, 
has  similarly  withstood  hundreds  of  rounds 
of  35  lb.  charges  and  185  lb.  projectiles, 
though  its  proper  battering  charge  is  but  22 
lbs.  with  115  lb.  projectiles,  without  any  in- 
ternal injury  from  powder  pressure. 

So  far,  then,  as  the  advantages  claimed 
for  the  increasing  spiral  are  concerned,  they 
are  pure  guesses  opposed  to  facts ;  and  it  is, 
as  to  those  points,  a  matter  of  indifference 
whether  it  or  the  uniform  spiral  be  adopted. 
But,  on  this  baseless  hypothesis,  we  are 
sacrificing  in  vital  questions  the  efficiency 
of  our  great  guns,  for  the  increasing  spiral 
necessitates  the  concentration  of  rotary  ef- 
fort on  a  single  point  in  each  groove,  this 
point  being  represented  by  a  gun-metal  stud 
1.45  in.  in  diameter,  projecting  .195  in.  out- 
side the  projectile,  and  wedged  into  an  un- 
der-cut hole  16  in.  in  diameter,  and  .3  i;  . 
deep.  Imagine,  then,  attempts  to  rapidly 
rotate  an  iron  cylinder,  l'l  in.  in  diameter, 
34.45  in.  long,  and  nearly  a  third  of  a  ton  in 
weight  (700  lbs.),  by  a  ring  of  nine  such  studs 
placed  a  few  inches  behind  the  centre  of 
gravity.  Lateral  wriggling,  vertical  ham- 
mering, a  wabbling  forward  motion  in  the 
bore,  with  waltzing  gyrations,  "puffing" 
noise  and  "unsteady"  movements  in  the 
flight,  lessened  muzzle  blow,  and  reduced 
range,  are  the  natural  results.  To  overcome 
these,  reduced  length  and  weight  oi  projec- 
tile are,  in  all  the  larger  calibres,  vainly 
resorted  to,  with  permanently  crippled  effi- 
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ciency.  More  rapid  twist,  and  consequent 
more  perfect  rotation,  cannot  be  given,  be- 
cause the  six-tenths  limit  of  bearing  which 
the  increased  spiral  necessitates  will  not 
endure  the  greater  effort.  The  sacrifice  of 
shell-power  has,  therefore,  been  all  in  vain. 
Within  the  last  three  years  six  heavy  guns 
are  known  to  have  been  permanently  dis- 
abled on  shipboard  by  their  own  projectiles, 
whilst  firing  at  targets  ;  and  five  others  are 
known  to  have  been  temporarily  disabled 
for  some  hours  from  the  same  cause.  How 
many  more  naval  guns  have  been  compelled 
to  cease  fire  for  hours  has  been  kept  secret. 
But  when  two  18-ton  guns  were  eo  disabled 
on  board  the  Hercules  in  1870,  the  Director- 
General  of  Naval  Ordnance  officially  re- 
marked that  "  the  crack  in  the  A  (inner) 
tube,  and  the  strained  condition  of  the  B 
(outer  muzzle)  tube  over  the  crack,  are  ex- 
actly what  I  should  have  expected"  And 
a  critical  examination  of  these  suicidal  in- 
juries shows  that  they  almost  invariably 
occur  near  the  muzzle,  where  the  shot  in 
full  flio-ht  meets  with  enchanced  resistance 


from  an  increasing  angle  of  spiral.  The 
fact  that  two  of  the  suicides  had  uniform 
spirals  is  sufficiently  accounted  for  by  the 
absurd  notion  which  obtains  of  rejecting  the 
great  advantage  it  offers  of  employing  a  long 
iron-bearing,  extending  over  the  whole 
cylindrical  body  of  the  projectile,  and  of  ap- 
plying it  in  the  form  of  strengthening  ribs 
cast  with  it,  instead  of  a  short  bearing  con- 
centrated upon  weakening  stud  holes. 

The  "cemetery  of  suicides"  at  the  Royal 
Arsenal  has  had  several  interesting  speci- 
mens added  to  it  since  the  introduction  of 
increasing  spirals  with  short  soft  bearings, 
some  of  which  illustrate  other  forms  of  self- 
destruction  incidental  to  the  French  or 
"  Woolwich"  system.  First  in  order  comes 
the  father  of  the  system,  the  competitive 
"  Woolwich"  7  in.  gun  already  referred  to, 
which  after  567  rounds  had  so  battered  its 
bore  and  spiked  its  upper  groove  by  the 
blow  of  its  front  upper  stud,  that  it  was 
ordered  "  to  be  fired  under  ' precaution'  " 
against  bursting  ;  whilst  the  rifling  of  the 
Scott  uniform  spiral  gun  with   iron  ribbed 


Date. 


1865 


1868 
1869 


1870 
1869 


1870 

u 

1871 

it 

1870 


P  ace. 


Shoeburyness. 


Tegel,  Berlin 
Woolwich  .... 

Bellerophon. . . 

Redwing 

Favorite 

Shoeburyness. 
Hercules 


Staunch 

Royal  Sovereign . 

Warrior 

Be.llerophon 


Gun. 


Shoebuiyness 
Aldershot 


9-in. 


9-in. 
9-in. 


/-in. 
10-in. 


Self-inflicted    Injuries. 


7  ton 

12^  ton 

Y^A  ton 


6^ton 
18  ton 


9-in.       Viy2  ton 


7-in. 
9-in. 


6%  ton 
123^  ton 


68  pr.  > 

9-pounder,  bronze 


Shoeburyness. 
Monarch 


1871 


1872 


Shoebuiyness 
Woolwich .... 
Bellerophon. . . 
Royal  Oak ... . 


•-    95  cwt. 


Upper  groove  cracked  by  stud,  dented  and  enlarged 

tube 

Much  worn  by  gas  after  315  rounds 

Cracked  grooves  and  bust,  400  rounds 

Cracked  tube,  disabled,  1,049  rounds 

Cracked  tube,  disabled,  311  rounds 

Explosive  burst,  by  projectile  jamming,  1  round   . . 

Grooves  overridden  by  studs 

Muzzle  split 

Grooves  overridden  by    studs 

Grooves  burred,  bore  dented,  tube  split,  534  rounds 

Muzzle  split  43  rounds   

Vent  damaged,  46  rounds 

Bore  dented,  grooves  bored,  gun  disabled 

Bore  deeply  cut  into 

Bore  dented,  and  had  to  be  filed  down 

Bore  dented 

Bore  co2isiderably  scored  by  gas.  165  rounds 

Muzzle  coil  split 


Cessation  of 
l'"ire. 


12-in. 


68  pr.  ) 

12-in. 

9-in. 
8-in. 


25  ton 


Burst  violently  into  76  pieces,  shot  jammed,  1  round 
Grooves  worn  away,  etc.,  disabled,  243  rounds. . 


Grooves  worn  by  studs,  " 

Grooves  overriden  by  studs,  bore  expanded. 


Grooves  slightly  burred  in  four  guns,  average  35 
.    rounds  each 


Permanent. 

No. 

Burst. 

Permanent. 

Permanent. 

Burst  explosively. 

Permanent 

Permanent. 

No. 

Permanent. 

Permanent. 

— hours. 

Permanent. 

— hours. 

— hours. 

No. 

No. 

Permanent. 

Burst  explosively. 

Permanent. 

Permanent. 

No. 

Permanent. 

Permanent. 


Grooves  enlarged  near  origin . 


95  cwt. 

35  ton 

12X  ton 

9  ton |  Bore  dented  by  projectiles 


Lower  groove  cracked  by  stud  from  12  to  25  in.  of 

origin,  68  rounds 

?  Bore  dented,  had  to  be  filed  down 


No. 
So. 

NTo. 


— hours. 
— hours. 
No. 


ELECTRICAL    EXPERIMENT    WITH    AN    INSULATED    ROOM. 


projectiles  was  as  perfect  after  the  last 
(417th)  round  as  when  it  left  the  factory. 
The  Woolwich  "  Infant  "  of  35  tons,  though 
not  yet  committed  to  the  Cemetery  of  Sui- 
cides, was  spiked  in  the  lower  grooves  by 
its  lower  rear  stud,  from  8  to  20  in.  outside 
the  point  to  which  the  maximum  powder 
pressure  extends,  in  the  effort  to  rotate  a  700- 
lb.  projectile  upon  9T%-  in.  points,  under  the 
propulsion  of  120  lbs.  pebble  powder 
charges.  With  a  uniform  spiral  and  Scott's 
iron-flanged  shell,  100  lbs.  of  powder  would 
have  sent  the  same  weight  to  the  useful 
fighting  range  of  1,500  yards  with  the  ele- 
vation required  when  using  120  lbs.  charges 
at  present.  Then  there  is  a  12^  ton  gun,  in 
which  a  shot  breaking  up  through  its  stud 
holes  wedged  itself,  causing  a  fearful  explo- 
sive burst,  on  25th  September,  1868.  A 
converted  68-pounder,  of  95  cwt.,  met  with 
a  fearful  accident  on  the  10th  August,  1870, 
flinging  76  pieces  over  an  area  of  580  yards 
by  150  yards.  Though  this  latter  gun  had 
not  an  increasing  spiral,  its  114  lb.  projectile 
was  balanced  on  a  couple  of  weakening 
studs  in  each  groove,  which  is  not  much  less 
fatal  with  uniform  than  with  increasing 
spirals.  The  "  Cemetery  of  Suicides "  is 
hardly  more  instructive  than  the  Ordnance 
Inspector's  reports  of  abrasions,  and  enlarge- 
ments and  erosions,  and  other  injuries  of 
guns  not  permanently  disabled,  these  mala- 
dies being  either  caused  or  aggravated  by 
the  studded  system,  which  an  increasing 
spiral  necessitates.  Of  eight  Lancaster  95- 
cwt.  guns  having  increased  spirals  sent  to 
the  Crimea,  three  blew  their  own  muzzles 
off ;  but  once  rid  of  that  portion  containing 


the  increased  strain,  one  of  these  guns  did 
good  service  without  its  muzzle.  Of  42 
Parrott  guns  with  increased  spirals  used  at 
the  siege  of  Charleston,  23  committed  suicide 
— General  Gilmore  reporting  that  the  in- 
creasing strain  thrown  on  the  muzzle  was  the 
offending  cause.  Lancaster  and  the  Ameri- 
cans both  abandoned  the  increasing  spiral, 
and  now  it  destroys  only  British  guns,  with 
the  eminent  risk  of  some  day  destroying  also 
British  gunners. 

There  is  a  most  instructive  sphere  of 
artillery  study  at  present  locked  up,  which 
might  be  opened  with  great  advantage  to 
science,  as  well  as  to  the  public  service,  if 
some  member  of  Parliament  would  move 
for  a  "Peturn  of  all  guns  which,  since  1865, 
had  been  obliged  to  cease  fire,  temporarily 
or  permanently,  owing  to  self-inflicted  in- 
juries ;  the  nature  and  position  of  such  in- 
juries, and  the  period  which  elapsed  before 
fire  could  be  resumed.  Also  for  a  return  of 
all  guns  which,  since  1865,  had  sustained 
internal  damages  of  a  less  disabling  charac- 
ter, and  the  nature  and  position  of  such 
injuries."  We  should  then  be  in  a  position 
to  trace  out,  in  each  case,  the  maladies  of 
British  guns,  and,  knowing  the  cause,  be  a 
long  way  towards  suggesting  the  remedy. 
Meanwhile,  the  ablest  artillery  officers  are 
of  opinion  "that  there  are  disadvantages  in 
the  "  Woolwich"  system,  and  a  better  sys- 
tem of  rifling  might  be  found."  That  there 
must  be  ample  matter  for  a  lengthy  official 
return  is  evident  from  the  examples  of  the 
suicidal  effects  of  "Woolwich"  studded 
projectiles,  given  in  the  table  on  the  preced- 
ing page. 


F.  C.  WEBB  ON  AN  ELECTRICAL  EXPERIMENT  WITH  AN  LNSU 

LATED  ROOM. 

From  '-Thj  Philadelphia  Magazine." 


The  object  of  the  author's  experiments 
was  to  show  that  the  ordinary  theory  of  the 
action  of  the  Electrical  Machine  is  incorrect. 
Some  years  ago  the  author  endeavored  to 
prove  by  reasoning  that  the  ordinary  ex- 
planations given  of  the  discharge  of  a 
charged  conductor  by  communication  with 
the  ground  was  erroneous ;  and  suggested 
an  experiment  with  an  insulated  room  as  a 
means  of  proving  the  fallacy  of  these  ordi- 
nary explanations  of  discharge,  etc.  The 
extracted  results  are  best  given  in  the 
author's  own  words. 


It  is  generally  stated  in  books  on  elec- 
tricity, that  when  an  electrical  machine  has 
its  rubber  to  earth,  on  the  action  of  the  ma- 
chine the  prime  conductor  becomes  charged 
positively,  and  the  equal  quantity  of  nega- 
tive electricity  Avhich  is  generated  is  lost  in 
the  earth,  and  that  when  the  prime  con- 
ductor is  then  placed  in  contact  with  the 
earth,  its  discharge  is  merely  the  conse- 
quence of  its  sharing  the  electricity  with 
the  earth,  the  proportion  remaining  on  tiie 
conductor  being,  in  virtue  of  the  almost 
infinite  size  of  the  earth  as  compared    with 
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the  conductor,  almost  infinitely  small,  and 
consequently  quite  inappreciable.  "When, 
thereiore,  the  ordinary  experiment  of  charg- 
ing the  prime  conductor  is  performed  in  an 
insulated  room,  according  to  the  theories 
which  I  deny,  the  negative  electricity  being 
unable  to  share  itself  with  the  earth,  some 
differences  in  the  effects  produced  should  he 
attained.  The  negative  electricity,  for  in- 
stance, if  it  tends  to  flow  to  the  earth,  should 
influence  an  electrometer  placed  in  contact, 
and  exterior  to  the  room.  Again,  if  the  room 
is  connected  to  the  earth  during  the  charging 
of  the  prime  conductor  and  is  afterwards 
insulated,  the  prime  conductor,  if  touched 
to  the  room,  ought  not  to  be  discharged, 
since  it  can  only  share  its  electricity  with 
the  room,  instead  of  with  the  almost  inde- 
finitely large  surface  of  the  earth.  Now,  I 
argue,  that  when  electricity  is  produced,  at 
any  rate  by  artificial  means,  the  negative 
and  positive  are  not  only  always  produced 
in  equal  quantities,  but  remain  each  as 
much  in  abeyance  as  the  other,  and  that 
complete  discharge  always  consists  in  the 
recombination  of  equal  quantities  of  oppo- 
site electricity.  Thus  when  a  conductor  is 
charged,  say,  positively  from  a  plate-ma- 
chine having  the  rubber  connected  to  the 
earth,  the  negative  electricity  has  no  ten- 
dency to  flow  to  and  distribute  itself  equal- 
ly over  the  earth,  but  distributes  itself 
principally  on  the  nearest  conducting  sur- 
faces to  the  positively  charged  surface ;  and 
when  the  surface  to  which  the  negative  pole 
is  attached  entirely  bounds  the  dielectric 
which  separates  it  from  the  positively 
charged  surface,  the  negative  electricity  is 
entirely  distributed  on  that  surface,  none 
flowing  to  any  other  part  of  the  earth. 
When  these  are  joined  by  a  conductor,  dis  - 
charge  occurs  through  the  recombination 
of  the  exactly  equal  quantities  of  electricity 
previously  produced. 

For  canning  out  the  experiments  a  room 
was  constructed  about  8  ft.  by  9  and  about 
S  ft.  high.  The  floor  was  of  wood,  and  the 
sides  of  wooden  framework,  covered  with 
calico,  and  with  pieces  of  tinfoil  pasted 
about  it,  to  make  it  a  good  conductor.  It 
had  a  door  and  two  windows  of  wire  gauze. 
A  small  table  was  placed  in  it,  and  a  fric- 
tional  electrical  machine  was  placed  on  this. 
The  room  was  suspended  by  four  double 
parts  of  half  inch  round  gutta-percha  band 
to  a  wooden  frame,  the  floor  being  about 
4  ft.  from  the  ground.  The  gutta-percha  was 
covered  with  paraffine,  and  the  whole  room 


was  tested  for  insulation  with  a  delicate 
astatic  Thomson  reflecting  galvanometer, 
and  gave  no  perceptible  loss.  A  Peltier 
electrometer  was  placed  on  the  ground  out- 
side, and  a  wire  from  the  brass  knob  of  this 
was  connected  to  the  gauze  of  the  window. 
The  table  was  connected  with  the  tinfoil 
that  was  pasted  about  the  surfaces  of  the 
room,  so  that  when  the  rubber  or  prime  con- 
ductor was  connected  to  the  table  it  was  in 
connection  with  the  sides  of  the  room.  Thus 
arranged,  the  machine  acted  to  all  appear- 
ance exactly  the  same  as  in  uninsulated 
room. 

When  the  rubber  was  connected  to 
the  table,  on  turning  the  glass  disc,  the 
prime  conductor  was  charged  so  as  to  give 
off  sparks  the  same  as  when  the  room  was 
uninsulated ;  and  the  conductor  was  com- 
pletely discharged  when  touched  to  the  in- 
sulated room.  Not  the  slightest  effect  was 
produced  on  the  electrometer,  even  when 
sparks  were  flashing  from  the  prime  con- 
ductor to  the  wire  gauze  of  the  windows  to 
which  the  wire  from  the  electrometer  was 
attached.  Connecting  the  room  to  the  earth 
made  no  difference.  A  sphere  about  a  foot 
in  diameter  was  then  charged,  when  the 
room  was  insulated,  and  then  handed  out  by 
an  insulating  handle,  Avhen  the  electrometer 
immediately  diverged  to  about  50  deg., 
showing  that  the  outer  surface  of  the  room 
had  become  negative.  On  taking  the 
sphere  back  into  the  room,  the  elec- 
trometer fell  to  zero.  It  is  impossible  to 
reconcile  these  results  with  the  explanation 
of  the  action  that  takes  place  in  charging 
and  discharging  as  given  and  repub- 
lished in  most  works.  Take,  for  instance, 
the  following  from  Noad's  "  Student's  Text- 
Book  :  " — "  Thus,  in  order  to  get  any  devel- 
opment of  electricity,  there  must  be  either 
with  the  rubber  or  with  the  prime  conduc- 
tor, electrical  communication  with  the  earth, 
as  the  great  natural  reservoir  of  elec- 
tricity." 

According  to  the  views  I  have  ad- 
vocated, the  accumulation  on  the  prime 
conductor  depends  on  the  resistance  of  what 
I  have  termed  the  inductive  circuit,  which, 
in  the  case  of  charging  the  prime  conductor, 
with  the  rubber  connected  to  surrounding 
objects,  consists  simply  of  the  resistance  of 
the  dielectric  separating  the  prime  conductor 
from  the  surrounding  objects,  and  is  there- 
fore the  same  whether  the  room  is  con- 
nected to  earth  or  not. 

Dr.  Ferguson,  in  his  "  Electricity,"  seems 
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to  have  a  tendency  to  discard  the  older  ex- 
planations ;  but  at  times  his  explanations 
appear  to  be  incomplete;  thus  he  says  : — 

"  We  have  hitherto  taken  no  notice  of 
the — E,  that,  for  instance,  is  said  to  be  lost 
in  the  ground  when  glass  is  charged  posi- 
tively. Now  it  may  be  lost,  and  the — E 
induced  by  the  glass  on  surrounding  con- 
ductors may  be  new — E  induced  by  it. 
But  it  is  also  possible,  nay,  even  probable, 
that  this — E  is  none  other  than  the — E  said 
to  be  lost.  If  this  be  the  case,  the  ground 
acts  as  much  on  the  glass  as  the  glass  on 
the  ground ;  and  the  action  is  precisely  the 
same  as  in  a  galvanic  circuit,  when  the 
polarization  proceeds  in  opposite  ways  in 
two  opposite  directions,  the  action  of  the 
one  strengthening  the  action  of  the  other." 
Dr.  Ferguson  adds:  "However,  it  makes 
no  practical  difference,  and  it  is  simpler  to 
suppose  the  insulated  body  to  be  the  one 
centre  of  force."  With  this  last  paragraph 
I  cannot  agree,  as  it  will  be  found  that,  by 
considering  problems  of  electrostatics  by 
means  of  the  theory  of  inductive  circuits, 
many  can  be  solved  which  cannot  be  ex- 
plained by  an  allusion  to  the  earth  as  a 
common  reservoir.  The  experiment  with 
the  insulated  room  is  only  one  of  them.  I 
maintain  that  no  electricity  is  ever  lost  in 
the  ground  or  drawn  from  the  ground  as  a 
reservoir.  All  electricity  generated,  if  we 
consider  it  as  a  quantity,  is  produced  in 
equal  quantities,  and  can  only  be  neutraliz- 
ed by  en  equal  quantity  of  electricity  of  the 


opposite  name.     Thus,  when  the  sphere  in 
the  insulated-room  experiment  was  charged 

positively  from  tiie  prime  conductor,  an 
equal  quantity  of  negative  went  to  the  room. 
When  the  sphere  was  taken  out  of  the 
room,  this  negative  went  to  the  outside  of 
the  room  at  the  same  time  that  the  external 
conductors  to  the  room  became  polarized,  so 
that  there  remained  on  external  objects  a 
charge  of  negative  opposing  the  positive  on 
the  sphere,  and  a  charge  of  positive  oppos- 
ing the  negative  on  the  external  surface  of 
the  room.  By  connecting  the  sphere  to  the 
earth,  the  sphere's  charge  and  its  opposing 
charge  on  surrounding  objects  neutralize 
each  other,  leaving  the  room  negative 
to  a  positive  charge  in  the  earth,  which, 
when  touched  together,  neutralize  each 
other.  Or  if  the  sphere  is  touched  to  the 
room,  the  positive  of  the  sphere  neutralizes 
the  negative  on  the  room,  the  negative  and 
positive  charges  in  surrounding  objects  at 
the  same  time  recombining  also.  Or  when 
the  sphere  was  taken  back  into  the  room, 
the  negative  returned  to  the  inside  of  the 
room,  the  positive  and  negative  which  were 
induced  on  external  conductors  by  the 
sphere  and  room  when  the  sphere  was  exter- 
nal to  the  room  recombining. 

Circumstances  prevented  ilr.  Webb  from 
carrying  out  a  more  complete  series  of  ex- 
periments, but  the  experiments  made  seem 
sufficient  to  show  the  fallacy  of  the  gener- 
ally accepted  theory  of  the  Electrical  ILa- 
chine. 


EXPEEIMENTS  WITH  DYNAMITE  AT  LLANBEBIS. 

From  the  "Mining  Journal  "  (London). 


A  series  of  highly  interesting  experiments 
with  dynamite  took  place  on  Wednesday  at 
Llanberis,  under  the  direction  and  superin- 
tendence of  the  committee  appointed  by 
Government  to  report  on  the  safety,  stabil- 
ity, and  general  character  of  gun  cotton, 
dynamite,  lithofracteur,  and  other  explo- 
sives. 

The  first  experiment  was  intended  to 
show  the  extraordinary  power  of  dynamite 
waen  exploded  with  a  percussion  cap.  A 
piece  of  exceedingly  tough  wrought  iron, 
cut  off  the  end  of  the  shaft  of  a  steam  en- 
gine, 15  J-  in.  in  diameter  by  9  in.  in  thick- 
ness, had  a  hole  drilled  through  it  1  ^  diam- 
eter,  which  was  filled  with  dynamite   and 


exploded  by  a  percussion  cap  fixed  at  the 
end  of  a  Bickford  fuse.  The  quantity  of 
dynamite  used  was  about  1  lb.,  and  the  two 
ends  of  the  bore  hole  were  left  open  with- 
out any  tamping  being  used.  On  the  ex- 
plosion taking  place  the  mass  of  iron  was 
blown  into  two  pieces,  with  a  clear  rent  the 
full  15 j-  in.  in  length,  One  of  the  pieces 
was  blown  10  yards  distant,  where  it  struck 
against  the  side  of  the  quarry,  and  the  oth- 
er half  was  blown  a  distance  of  1-  yards  on 
to  a  bank  12  ft.  high. 

2.  About  |  lb.  of  dynamite  was  put  into 
a  wooden  tube,  covered  at  the  end  with  a 
piece  of  ordinary  sheet  tin,  and  placed  15 
in.  from  an  iron  girder  2  in.  thick,  and  on 
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being  exploded,  small  portions  of  the  tin 
perforated  the  iron  to  the  extent  of  i  in.  in 
depth. 

o.  A  solid  piece  of  wrought  iron,  9  in. 
square,  was  placed  on  the  ground,  and 
5  lbs.  of  dynamite  was  put  on  the  top 
of  it  in  an  open  cylinder  of  thin  sheet  iron 
without  being  closed,  and  on  the  explosion 
taking  place,  the  wrought  iron  was  con- 
siderably compressed,  and  split  into  two 
pieces. 

The  above  experiments  having  sufficient- 
ly illustrated  the  extraordinary  power  of 
dynamite  when  exploded  by  the  detonations 
of  a  percussion  cap,  further  experiments 
were  made  to  test  its  safety  in  case  of  acci- 
dent from  concussion  or  fire.  For  this 
purpose  the  following  experiments  were 
made : 

4.  A  56-lb.  case  of  dynamite,  in  its  ordi- 
nary packing  as  imported,  was  dropped 
down  a  quarry  60  ft.  high,  and  fell  to  the 
bottom  without  breaking  the  case,  or  doing 
any  damage  whatever. 

5.  A  similar  case  was  then  thrown  down 
another  quarry  from  a  height  of  130  ft. ; 
the  case  was  broken  into  small  frag- 
ments, and  the  packages  of  dynamite  were 
broken  open,  and  the  powder  scattered 
about,  without  the  slightest  explosion  tak- 
ing place. 

6.  A  56-lb.  case  of  dynamite  was  placed 
at  the  bottom  of  a  quarry,  and  a  large  box 
filled  with  sand  and  slate  rubbish,  weigh- 
ing between  2  and  3  cwt,  was  allowed  to 
fall  on  it  from  a  height  of  60  ft.  The  case 
of  dynamite  was  completely  smashed,  and 
the  contents  scattered  about,  without  any 
appearance  of  explosion  or  fire. 

7.  The  chief  experiment  of  the  day  was 
intended  to  show  the  result  which  might  be 
expected  in  case  a  magazine  of  dynamite 
were  to  take  fire.  A  magazine  of  wood,  8 
ft.  square,  covered  with  felt  roof,  similar  in 
all  respects  to  those  being  erected  by  the 
British  Dynamite  Company,  at  their  manu- 
factory at  Ardeer,  had  12  of  the  cases  of 
dynamite  containing  together  6  cwt.,  placed 
in  it,  with  a  large  quantity  of  shavings  and 
wood  with  petroleum,  and  was  set  fire  to. 
The  magazine  burned  with  a  considerable 
flame  for  about  25  min.  until  the  dynamite 
caught  fire,  and  then  threw  out  an  exceedingly 
fierce  red  flame  for  12  min.,  when  it  explod- 
ed with  great  violence,  making  a  very  loud 
report,  and  leaving  a  hole  about  5  ft.  deep 
on  the  peaty  ground  where  the  magazine 
had  stood. 


8.  A  case  of  56  lbs.  had  a  small  hole 
made  in  it,  through  which  a  Bickford  fuse 
was  inserted,  and  the  box  was  turned 
with  the  fuse  downwards,  and  on  being 
set  fire  to,  the  whole  of  the  dynamite 
burned  away  without  any  explosion  taking 
place. 

9.  A  packet  containing  6  lbs.  of  dyna- 
mite was  placed  in  a  -J-in.  deal  box,  nailed 
down,  placed  on  a  quantity  of  shavings  and 
wood  in  a  close  corner  of  a  quarry  and  cov- 
ered with  slate  rubbish ;  a  large  slab  of 
slate  being  placed  on  the  top.  The  wood 
was  then  set  fire  to,  and  after  burning  for 
about  half  an  hour  the  dynamite  caught 
fire,  and  burned  quietly  away  without  any 
explosion  taking  place. 

The  result  of  these  experiments  appeared 
to  give  general  satisfaction.  The  extra- 
ordinary power  of  dynamite  was  aptly  illus- 
trated by  the  fracture  of  the  solid  piece 
of  wrought  iron,  some  of  the  committee 
expressing  beforehand  the  opinion  that 
the  quantity  of  dynamite  used  could  not 
be  expected  to  fracture  so  strong  a  mass 
of  iron. 

The  fourth,  fifth,  and  sixth  experiments 
were  conclusive  to  show  that  dynamite  is 
quite  safe  from  explosion  from  ordinary 
concussion,  and  the  eighth  and  ninth  showe  1 
that  it  may  be  set  fire  to,  and  will  burn  in 
reasonable  quantities  without  any  explosion 
whatever,  while  the  seventh  experiment 
was  conclusive  to  show  that  in  storing  large 
quantities  in  magazines  the  usual  and  ordi- 
nary precautions  applicable  to  all  explosives 
ought  to  be  adopted,  since  dynamite,  like 
all  other  explosives,  when  set  fire  to  in 
large  quantities,  and  in  close  magazines, 
may  be  expected  to  explode.  Some  of  the 
committee,  while  expressing  their  surprise 
that  so  large  a  quantity  of  dynamite  should 
burn  so  long  as  12  min.  before  explod- 
ing, gun  cotton  having  under  similar 
circumstances  in  the  experiments  near 
Hastings  exploded  in  as  many  seconds, 
stated  their  satisfaction  that  it  did  ex- 
plode, and  showed  the  numerous  quarrymen 
who  were  in  attendance  that  ordinary  care 
ought  to  be  adopted  in  its  use,  and  that 
they  ought  not  to  burn  it  with  perfect  im- 
punity. 

The  necessity  for  such  a  lesson  is  shown 
by  the  fact  that  after  the  dynamite  had 
been  burning  full  10  min.,  and  just  before 
its  explosion,  one  of  the  quarrymen  was 
anxious  to  go  close  to  it,  and  was  with  diffi- 
culty restrained  from  doing  so. 
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RAILWAYS.* 


From  "Engineering." 


Some  months  ago  General  G.  P.  Buell, 
the  Chief  Engineer  of  the  Texas  Pacific  Rail- 
road, sent  in  to  his  Directors  a  report  advo- 
cating the  adoption  of  a  3  ft.  6  in.  gauge 
for  that  line,  and  pointing  out  at  the  same 
time  the  advantages  of  the  narrow  gauge 
generally.  The  undertaking  being  an  un- 
usually large  one,  however — the  proposed 
trunk  line  being  1,500  miles  in  length — Mr. 
Marshall  0.  Eoberts,  the  President  of  the 
railroad,  did  not  feel  justified  in  deciding 
unadvised  upon  the  gauge  which  was  to  be 
adopted,  and  he  accordingly  submitted 
General  Buell's  report  to  the  Hon.  Silas 
Seymour,  of  New  York,  with  a  request  that 
he  would  state  his  opinion  on  the  matter. 
Under  these  circumstances  a  counter  report 
was  made  by  Mr.  Seymour,  in  the  course 
of  which  he  reviewed  the  arguments  in 
favor  of  narrow  gauge,  but  arrived  at  con- 
clusions diametrically  opposed  to  those  ad- 
vanced by  General  Buell.  It  is  this  "  Re- 
view "  of  Mr.  Seymour's  with  which  Mr. 
Fairlie  deals — and  which  we  may  add  he 
demolishes — in  the  work  before  us,  of  the 
contents  of  which  we  now  propose  to  speak. 

Inasmuch  as  Mr.  Seymour's  ;' Review" 
has  probably  been  circulated  to  but  a  very 
limited  extent  in  this  country,  Mr.  Fairlie 
has  adopted  the  plan  of  dealing  with  it 
paragraph  by  paragraph,  quoting  each  para- 
graph, or  group  of  paragraphs,  relating  to 
one  division  of  the  subject  at  the  head  of 
his  comments  upon  that  division.  This  ar- 
rangement is  an  exellent  one,  as  it  not  only 
places  both  sides  of  the  question  clearly 
before  the  reader,  but  also  does  full  justice 
to  Mr.  Seymour's  arguments,  and  renders 
it  impossible  for  that  gentleman  to  com- 
plain of  injustice  having  been  done  him  by 
partial  quotation  from  his  writings.  And 
Ave  may  say  here  that  we  fully  agree  with 
the  remark  made  by  Mr.  Pairlie  in  his  in- 
troduction, that  Mr:  Seymour  has  evinced 
every  disposition  to  treat  the  subject  he  has 
attempted  to  review  fairly ;  but  he  has  evi- 
dently written  with  but  an  imperfect  knowl- 
edge both  of  the  theory  of  narrow  gauge 
and   of  the  practical  results    which    have 
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Gauge,  Costliness  with  Extravagance.  By  Robert  F.  Fairlie. 
London:  Effinguam  Wilson,  Royal  Exchange,     [Price  2s,  c'd.] 


already  been  obtained  by  its  adoption.  Mr. 
Seymour  may,  in  fact,  be  taken  as  an  able 
representative  of  an  important  class,  who, 
having  positions  which  make  their  opinions 
heeded,  denounce  narrow  gauge  progress, 
not  from  any  desire  to  be  unfair,  but  simply 
because  they  do  not  take  the  trouble  to  in- 
form themselves  of  fact  and  practical  details 
which  would  alone  enable  them  to  arrive  at 
a  just  conclusion.  As  an  able  reply  to  the 
arguments  advanced  by  this  class  of  oppo- 
nents, Mr.  Fairlie's  book  is  calculated  to  do 
good  service,  while  it  possesses  additional 
value  from  the  fact  that  it  contains  a  sum- 
mary of  information  concerning  narrow 
gauge  lines  such  as  has  never  before  ap- 
peared in  so  compact  a  form. 

General  Buell,  in  his  report  on  the  Texas 
line,  when  comparing  the  4  ft.  81  in.  and  3 
ft.  6  in.  gauges,  claimed  as  the  advantage 
in  favor  of  the  adoption  of  the  latter,  that 
the  cost  of  its  road-bed  would  be  to  that  of 
the  broader  gauge  as  100  to  130  ;  and  the 
cost  of  its  superstructure  as  100  to  145  ;  that 
it  would  permit  of  the  attainment  of  the 
necessary  speed  of  35  to  45  miles  per  hour ; 
that  the  cost  of  the  necessary  equipment  of 
roiling  stock  would  be  as  100  to  150,  or 
100  to  155  ;  and  that  in  working,  the  per- 
centage of  dead  weight  to  paying  load  would, 
on  the  narrower  gauge,  be  about  t4-jjV  against 
j?050  on  the  broad.  These  advantages  Mr. 
Seymour  will  not  admit,  but  he  adds  that 
even  if  any  one  of  the  advantages  above 
stated  can  be  proved,  General  Buell  will 
have  gained  his  case. 

Passing  over  his  preliminary  arguments, 
we  find  Mr.  Seymour  endeavoring  to  as- 
certain the  comparative  relative  cost  of 
earthworks,  etc.,  on  broad  and  narrow gaug  e 
roads,  by  assuming  that  a  formation  width 
of  12  ft.  will  do  for  a  line  of  4  ft.  8.^  in. 
gauge,  and  one  of  10  ft.,  for  a  line  with  a 
causae  of  3  ft.  6  in.,  and  then  reducino-  the 
prism  representing  the  section  of  the  em- 
bankment or  cutting  for  the  broad  gauge, 
by  taking  a  2  ft.  slice  out  of  the  middle; 
Mr.  Fairlie  of  course  at  once  demolishes 
this  argument,  and  not  only  points  out  the 
errors  in  Mr.  Seymour's  reasoning,  but 
brings  forward  facts  deduced  by  Mr.  Carl 
Pihl's  practice  in  Norway,  and  other  prac- 
tical  experiences   elsewhere,   to  upset  Mr. 
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Seymour's  conclusions.  As  our  author 
justly  slates,  "  an  average  mile  of  properly 
designed  narrow-gauge  road,  ready  for 
grading,  is  not  an  average  mile  of  standard 
road  with  a  piece  cut  out  of  the  middle." 
In  this  sentence  we  have  the  whole  gist  of 
the  matter,  and  until  those  who  theorize 
upon  the  broad  and  narrow  gauge  question 
thoroughly  understand  this,  their  arguments 
must  go  for  little  or  nothing. 

Proceeding  next  to  the  consideration  of 
the  cost  of  superstructure,  Mr.  Fairlie 
shows  that  Mr.  Seymour  has  treated  General 
Ibxell  unfairly,  by  assuming  that  the  General 
claimed  an  economy  of  45  per  cent,  of  the 
cost  of  the  broad  gauge,  whereas  what  he 
really  did  claim  was  a  difference  of  45  per 
cent,  of  the  cost  of  the  narrow,  or  about 
two-thirds  as  much.  Taking  the  latter 
basis,  Mr.  Fairlie  proceeds  to  show  that 
General  Buell  is  correct  in  his  statements, 
the  details  of  the  various  items  of  cost  being 
fully  worked  out.  And  here  Mr.  Fairlie 
takes  the  opportunity  of  pointing  out  the 
differences  between  narrow  gauge  and 
"light"  broad  gauge  lines,  explaining 
why  the  latter  cannot  be  so  economical  as 
the  former,  and  exposing  the  fallacious 
reasoning  which  has  frequently  been  ad- 
vanced on  this  subject.  Here  again,  too, 
we  find  facts  brought  forward  to  support 
theory,  Mr.  Fairlie  quoting  the  details  of 
Mr.  John  Fowler's  estimates  for  the 
alternative  light  5  ft.  6  in.  gauge  and 
8  ft.  6  in.  gauge  lines  between  Kotree 
and  Moultan ;  these  lines,  which  were 
laid  out  over  the  same  ground,  and 
with  the  same  weight  of  rails,  showing,  in 
the  total  cost  of  construction  and  equip- 
ment, a  saving  of  £84(5  per  mile  in  favor 
of  the  narrow  gauge. 

Turning  next  to  the  rolling  stock,  we  find 
Mr.  Fairlie  pointing  out  the  influence  which 
the  employment  of  the  Fairlie  engine  exerts 
upon  the  traffic-accommodating  capabilities 
of  the  narrow  gauge.  We  have  ourselves 
pointed  out  in  this  journal  on  several  occa- 
sions that  the  most  intimate  connection  ex- 
ists between  the  full  development  of  narrow 
gauge  lines  and  the  employment  of  Mr. 
Fairlie's  locomotives.  As  far  as  the  carry- 
ing stock  goes,  it  is  simply  a  question  of 
additional  length  of  train  to  make  the  loads 
hauled  on  the  narrow  gauge  equal  those 
hauled  on  the  broad.  A  broad-gauge  line 
will  carry  a  certain  load  per  foot  run  of 
train,  and  a  narrow-gauge  line,  with  lighter 
rails,  a  certain  less   weight  per  foot  j  and 


this  being  so,  all  we  have  to  do  is  to  make 
the  lengths  of  the  trains  in  the  inverse 
proportions  of  these  weights  per  foot,  to 
get  the  same  aggregate  load  in  the  two 
cases.  When  we  come  to  the  engine,  how- 
ever, the  case  is  different.  With  the  nar- 
rower gauge  the  ordinary  type  of  locomotive 
becomes  crippled  to  a  greater  or  less  extent. 
The  width  of  fire-box  and  size  of  boiler  be- 
come limited,  and  hence,  also,  the  power 
the  engine  is  capable  of  developing.  With 
the  Fairline  engine,  on  the  other  hand,  there 
is  no  such  reduction  of  the  capacity,  conse- 
quent on  the  reduction  of  gauge,  the  man- 
ner in  which  the  boiler  is  carried  and  the 
position  given  to  the  fire-box  between  the 
two  bogies,  rendering  it  possible  to  get  any 
desired  amount  of  heating  surface  and  fire- 
grate area  even  upon  lines  of  extremely 
narrow  gauge,  while  the  freedom  of  mo- 
tion given  by  the  double  bogie  system  en- 
ables the  engine  to  adapt  itself  perfectly  to 
the  sharp  curves  which  frequently  form 
special  features  in  economical  narrow-gauge 
railways. 

The  question  of  the  relative  weights  of 
the  carrying  stock  on  the  narrow  and  broad 
gauges,  and  the  proportions  between  the 
dead  weight  and  paying  loads  which  will 
be  found  to  exist  in  the  two  cases,  are  very 
ably  and  fully  dealt  with  in  the  work  be- 
fore us.  Taking  Mr.  Seymour's  statements 
as  his  text,  Mr.  Fairlie  proceeds  to  disprove 
those  statements,  and  in  doing  so  gives  au 
exhaustive  summary  of  the  practical  ex- 
perience relating  to  the  subject  which  has 
been  gained  by  English,  American,  and 
Continental  engineers.  In  dealing  with  the 
question  of  dead  weight  also,  we  find  our 
author  giving  due  prominence  to  the  impor- 
tant fact,  that  to  insure  economical  working 
the  capacity  of  the  carriages  or  wagons  em- 
ployed must  be  specially  adapted  to  the  re- 
quirements of  the  traffic ;  and  in  directing 
attention  to  this  fact  he  shows  very  clearly 
that  with  the  narrow  gauge  vastly  greater 
facilities  are  afforded  for  fulfilling  these  con- 
ditions properly.  Indeed,  the  "  adapta- 
bility "  of  narrow-gauge  lines  and  their 
rolling  stock  is  one  of  their  most  distinguish- 
ing characteristics. 

We  now  come  to  the  single  point  in 
which  Mr.  Seymour  and  Mr.  Fairlie  are  in 
agreement,  this  being  that  the  objections  to 
a  break  of  gauge  are  generally  overrated,  a 
view  which  we  have  ourselves  advanced  on 
several  occasions.  In  connection  with  this 
subject,  some  interesting  facts  are  given  re- 
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specting  the  cost  of  transferring  freights  on 
different  lines  where  breaks  of  gauge  occur, 
and  the  valuable  experience  of  General 
McCullum  on  the  Erie  Railway  is  also 
quoted. 

One  of  the  arguments  advanced  by  Mr. 
Seymour  in  favor  of  the  broader  gauge  is 
that  it  enables  larger  wheels  to  be  used, 
and  these  wheels  reduce  the  tractive  resist- 
ances of  the  trains.  Speaking  broadly,  Mr. 
Seymour  is,  of  course,  correct ;  but  Mr. 
Fairlie  is  not  content  with  broad  statements, 
and  taking  the  sizes  of  wheels  actually  used 
on  the  two  gauges,  and  the  data  as  to  the 
resistances  of  trains  afforded  by  the  valu- 
able and  exhaustive  experiments  of  MM. 
Vuillemin,  Guebhard,  and  Dieudonne,  he 
shows  that  the  "  very  material  saving," 
claimed  by  Mr.  Seymour,  amounts  to  but  4 
per  cent,  at  very  slow  speeds,  while  it  is 
reduced  as  the  velocity  of  the  trains  in- 
creases, until  at  the  very  moderate  speed  of  20 
miles  per  hour,  it  has  dwindled  down  to  a 
miserable  f  per  cent.  The  reduced  resist- 
ances on  curves  due  to  the  narrower 
gauge  are  also  duly  considered  by  Mr. 
Fairlie,  who  deals  with  the  subject  in  a 
very  clear  way. 

The  concluding  portions  of  Mr.  Seymour's 
review  are  interesting,  as  containing  some 
records  of  American  practice  and  experi- 
ence; but  they  cannot  be  considered  to  bear 
directly  upon  the  matter  under  discussion, 
and  Mr.  Fairlie  dismisses  them  with  a  few 
brief  comments,  of  which  we  need  not  speak 
further  here.  Having  finished  his  detailed 
analysis  of  Mr.  Seymour's  ''Review,"  Mr. 
Fairlie  next  preceeds  to  adduce  further  facts 
in  support  of  his  views,  and  after  quoting  from 
this  journal  our  account  of  the  Festiniog 
Railway  and  its  rolling  stock,  he  gives  an 
interesting  resume  of  M.  Nordling's  recent 
work,  "  Stinim3n  Liber  Schmalspurige  Eiseu- 
bahnen."  In  this  book  M.  Nordling  has 
collected  some  most  interesting  statistics 
and  general  data  respecting  the  results  ob- 
tained with  the  numerous  narrow-gauge 
railways  already  working — facts  which  -we 
commend  to  the  earnest  attention  of  all  in- 
terested in  this  subject.  M.  Nordling,  we 
are  glad  to  find,  holds  opinions  identical 
with  our  own  as  to  the  value  of  the  Fairlie 
engine  for  working  narrow-gauge  railways, 
and  he  expresses  an  earnest  hope  that  such 
a  line  worked  by  Fairlie  engines  may  be 
constructed  in  Austria. 

Following  the  resume  of  M.  Nordling' s 
book,  we  have  some  additional  data  respect- 


ing the  actual  working  of  narrow-gauge 
lines,  collected  by  Signor  Bigliu,  the  well- 
known  Italian  Engineer,  and  next  we  have 
a  summary  of  Mr.  Fairlie's  own  views  on 
narrow-gauge  lines  and  the  mode  of  work- 
ing them.  In  enunciating  his  views  Mr. 
Fairlie  gives  full  prominence  to  the  objec- 
tions urged  against  his  engines,  and  then 
replies  to  these  objections  in  detail,  and  we 
must  say  that  he  has  most  decidedly  the 
best  of  the  argument,  and  that  he  has  dealt 
with  the  subject  justly  and  in  a  true  spirit 
of  moderation.  We  shall  not  reproduce  his 
arguments  here,  because  we  can  not  quote 
them  at  length,  and  they  most  decidedly 
deserve  to  be  read  in  their  entirety,  and  to 
be  read,  too,  after  considering  the  arguments 
to  which  they  form  replies. 

In  connection  with  this  part  of  the  book 
Mr.  Fairlie  gives  a  series  of  heliotype  illus- 
trations showing  a  number  of  engines  and 
varieties  of  rolling  stock  constructed  from 
his  designs  for  different  railways ;  but 
these  illustrations,  although  interesting  as 
reproductions  of  photographs  of  actually 
constructed  engines  and  rolling  stock,  cer- 
tainly do  not  give  us  a  high  opinion  of  the 
process  by  which  they  have  been  produced. 
They  remind  us,  in  fact,  more  of  very  in- 
different lithographs  printed  in  sepia-color- 
ed ink  than  anything  else,  and  we  almost 
regret  that  they  should  have  been  intro- 
duced into  a  book  otherwise  so  well  got  up. 

The  summary  of  Mr.  Faiidie's  views,  of 
which  we  have  j  ust  spoken,  although  forming 
the  conclusion  of  what  may  strictly  be  called 
the  "  Battle  of  the  Gauges  Renewed,"  is 
not  the  end  of  the  work.  It  is  followed  by 
an  interesting  account  of  the  Denver  and 
Rio  Grande  Railway,  from  the  pen  of  Mr. 
Samuel  Bowles,  and  after  this  comes  "  A 
Reply  to  Mr.  Ramsbottom's  Report  against 
the  Principle  of  the  Fairlie  Engine."  This 
"  reply "  refers  to  a  report  made  by  Mr. 
Ramsbottom  and  Mr.  W.  P.  Marsha  11,  on 
some  engines  constructed  on  Mr.  Fairlie's 
principle,  but  not  from  Mr.  Fairlie's  de- 
signs, for  the  Queensland  railways,  and  in 
it  our  author  decidedly  gets  the  best  of  the 
argument.  The  "reply,"  however,  can  only 
be  justly  appreciated  by  its  perusal  as  a 
whole,  in  connection  with  the  diagrams 
which  illustrate  it,  and  we  shall  not  there- 
fore speak  of  it  further  here. 

We  now  come  to  the  concluding  section 
of  Mr.  Fairlie's  book,  Avhieh  consists  of  a 
collection  of  diagrams,  showing  the  weights 
and  capacities,    etc.,  of  the  rolling   stock  in 
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use  on  English  and  foreign  lines  of  various 
gauges,  and  the  proportions  of  dead  weight 
and  paying  load,  in  passenger  and  goods 
trains,  on  these  various  lines.  These  dia- 
grams, which  are  accompanied  by  explana- 
tory matter,  have  evidently  been  compiled 
with  great  care  and  with  a  vast  expendi- 
ture of  time  and  trouble,  and  they  not  only 
afford,  in  a  compact  form,  an  enormous 
amount  of  valuable  information,  but  they 
also  illustrate,  in  a  most  striking  manner,  the 
truths  of  many  of  the  arguments  which 
have  been  advanced  in  favor  of  narrow- 
gauge  railways. 

Altos-ether  Mr.   Fairlie's   booh  forms    a 


most  valuable  contribution  to  our  literature 
treating  of  economical  railway  construction, 
and  its  author  deserves  especial  thanks  for 
having  placed  such  a  vast  amount  of  infor- 
mation at  the  disposal  of  the  public  in  such 
a  cheap  and  readable  form.  The  construc- 
tion of  cheap  lines  of  narrow  gauge  has  be- 
come one  not  merely  of  engineering,  but  of 
general  public  interest,  and  it  is,  therefore, 
especially  important  that  the  facts  relating 
to  such  lines  should  be  laid  before  general 
readers  in  a  way  that  may  enable  them  to 
be  universally  understood.  This  Mr.  Fairlie 
has  done,  and  done  well,  in  the  work  we 
have  reviewed. 


ON  THE  FORCE  OF  THE  RUDDER,  WITH  A  READY  WAT  OF  CAL- 
CULATING THE  SAME  IN  HORSE  POWER. 

By  HEXRY  RANSFORD,  Esq,  ASSOCIATE. 
From  the  "Journal  of  the  Society  of  Arts." 


Several  papers  have  been  read  before  this 
Institution  on  different  kinds  of  rudders,  and 
referring  also  to  the  great  force  of  the  rud- 
der, with  the  difficulty  of  controlling  that 
force  in  large  ships  ;  but  there  are  still  two 
or  three  matters  connected  with  the  subject 
requiring  further  investigation,  and  from 
which  useful  information  may  be  derived. 

Putting  the  helm  down,  and  altering  a 
ship's  course,  say  from  north  to  south, 
compels  her  to  perform  half  a  revolution,  by 
revolving  on  a  centre  within  herself,  her 
wake  showing,  at  the  same  time,  she  has 
passed  along  an  irregular  semicircle  ;  this 
etfect,  we  know,  is  caused  by  the  water  im- 
pinging on  the  rudder  with  a  force  in  pro- 
portion to  the  rate  at  which  the  vessel  is 
moving. 

This  centre,  or  point  of  the  keel  on  which 
a  vessel  revolves,  is  very  difficult  to  deter- 
mine. I  am  disposed  to  think  that  when  a 
ship  is  said  to  be  in  good  trim,  about  the 
centre  of  the  floor  (taking  its  length  and 
breadth)  is  her  point  of  gyration  ;  but  if  not 
in  trim,  the  longitudinal  centre  of  her  gravi- 
ty or  total  weight  (if  I  may  so  express  it), 
becomes  the  point,  and  I  confess  I  do  not 
see  a  way  to  determine  it  exactly. 

The  main  thing,  however,  is,  that  a  ship 
has  a  centre  on  which  she  pivots  in  obeying 
the  action  of  the  rudder,  and  one  in  particu- 
lar in  which  she  obeys  that  action  better 
than  when  that  centre  is  changed ;  and,  as 
a  rule,  this  action  is  much  further  from  the 


stern-post  than  the  stem,  thus  giving  the 
rudder  a  longer  lever  to  exert  its  force  in 
guiding  the  ship,  regarding  that  turning- 
point  as  a  fulcrum. 

The  longer  the  ship  the  greater  the  power 
required  to  turn  her  round  ;  hence  it  is  im- 
portant to  know  the  whereabouts  of  her 
centre  of  gyration,  and  what  excess  of  lever 
the  rudder  has  to  act  on  to  overcome  the 
forward  resistance;  because,  while  (say)  her 
starboard  side  from  this  centre  to  the  stern 
is  turning  and  forcing  the  water  one  way, 
her  port  side  from  the  centre  to  the  stem  is 
turning  and  forcing  water  in  the  opposite 
direction. 

Take  for  example  a  ship  of  300  ft.  long,  if 
her  revolving  centre  is  only  130  ft.  from  the 
stem,  then  the  rudder  has  a  leverage  of  170 
ft.  to  overcome  the  forward  resistance,  and 
she  probably  steers  easily;  but  if,  on  the 
contrary,  her  centre  of  gyration  is  much 
nearer  to  the  stern-post,  she  will  be  found 
to  steer  badly,  and  the  suggestion,  as  a 
remedy,  would  probably  be  to  increase  the 
size  of  the  rudder,  although  altering  her 
trim  might  produce  a  better  result. 

A  vessel  at  anchor  in  a  tide-way  takes  a 
sheer  very  quickly,  because,  if  she  has  a 
pivoting  point,  then  it  must  be  the  outer 
edge  of  the  hawser  pipe,  and  the  flowing  tide 
quickly  adjusts  any  displacement  of  water. 
To  calculate  the  power  of  a  rudder  guiding 
a  ship,  the  depth  of  water  she  draws  has  to 
be  considered,  as  well  as  the  force  of  current 
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created  by  the  speed.  A  ship  drawing  26 
ft.,  displacing  water  at  her  keel  of  a  pres- 
sure of  18  lbs.  on  the  square  inch,  we  can- 
not wonder  if  a  difficulty  is  found  in  steer- 
ing her,  but  the  mean  of  that  depth  gives  a 
pressure  equal  only  to  6^  lbs.  on  the  square 
inch  that  the  water  bears  on  the  rudder, 
which,  forced  against  it  at  the  vessel's 
speed  per  hour,  is  the  actual  power  of  the 
helm. 

In  ascertaining  this  amount  of  force,  the 
area  of  the  rudder  has  also  to  be  taken.  A 
large  iron-clad  is  fully  150  ft.,  which  may 
be  got  over  to  an  angle,  making  it  equal  to 
a  square  of  50  superficial  feet,  dragged 
through  water  of  an  average  resisting  pow- 
er of  61-  lbs.  on  the  square  inch,  at  the  rate 
of  10  knots  per  hour;  the  power  required 
to  do  that  is  the  force  executed  by  the  rud- 
der in  turning  such  a  ship  round  when 
going  at  that  speed. 

Thinking  it  desirable  that  the  amount  of 
this  force  should  be  estimated  in  horse-pow- 
er by  some  easy  method,  not  being  a  mathe- 
matician myself,  I  applied  to  others,  but 
they  were  unable  to  solve  the  problem ;  I 
have,  therefore,  worked  it  out  in  my  own 
fashion,  and  I  should  be  glad  if  any  scien- 
tific gentleman  present  would  point  out  if  it 
is  erroneous.  I  start  with  the  data  proposed 
in  a  paper  I  read  last  year,  that  was  not 
contradicted — viz.,  that  no  floating  body  can 
move  through  water  without  sending  the 
displaced  water  to  the  surface;  and  finding 
from  reports  of  trial-trips  that  vessels  in 
turning  usually  lose  at  least  one-sixth  of  the 
speed  they  were  going  in  a  straight  course, 
that  proportion  has  been  adopted.  Take  a 
ship  drawing  26  ft.,  going  12  knots  per 
hour ;  rudder  150  ft.  area  put  over  to  an 
angle  of  80  deg.,  which  in  water  I  consider 
would  be  equal  to  50  ft.  square,  at  a  medium 
depth  of  18  ft.,  and  reduce  speed  to  10 
knots ;  one  knot  in  6  min.  equal  to  1,012 
ft.  per  min.  This  would  be  equal  to  raising 
a  volume  of  water  1,012  ft.  long,  10  ft.  by 
5  ft.,  13  ft.  high  in  a  minute. 

1,012 

50 


50,000  cubic  feet 
6 


303,600  gallons  of  water 
10 


3,036,000  pounds  of  water 

Watts'  calculation,  32,000  pounds  of  water  raised 
one  loot  per  minute  =  1  H.P. 


32,000  pounds  -^  10  =  3,200  ~  13  =  217  gallons 

raised  J  3  per  minute. 
303, 600  gallons  +•  217  =  1,280  H.P.  force  of  rudder. 

Taking  into  consideration  that  the  lower 
part  of  the  rudder  is  much  broader  than  the 
upper  part,  some  of  the  largest  iron-clads 
have  a  force  of  1,400  JEL  P.  at  a  similar 
angle,  hence  the  difficulty  of  putting  the 
helm  down. 

This  amount  of  force  will  probably  aston- 
ish many  who  have  not  gone  into  the  ques- 
tion. A  ship  the  length  of  the  Warrior, 
380  ft.,  taking  her  centre  of  turning  at  two- 
fifths  from  the  stem,  has  to  displace  a  vol- 
ume of  water  26  ft.  deep,  equal  to  2  semi- 
circles, one  a  radius  of  152  ft,  the  other  'l'l*i 
ft.,  whenever  her  head  is  turned  half  round 
the  horizon,  or  from  north  to  south ;  the 
power  to  accomplish  this  displacement  in  6 
or  7  min.  must  be  very  great. 

Swinging  a  vessel  round  in  a  quiet  dock 
is  found  to  be  a  very  slow  and  laborious 
process,  even  with  a  powerful  and  well-man- 
ned capstan.  If,  then,  it  requires  this 
amount  of  power  to  turn  these  large  ships 
round  in  fine  weather,  it  is  not  difficult  to 
understand  why  in  bad  weather,  making 
but  little  headway,  occasionally  they  will  not 
answer  the  helm  at  all ;  or  that  it  was  found 
next  to  impossible  to  get  the  head  of  the 
Great  Eastern  round,  when  during  the 
heavy  gale  in  which  she  was  disabled,  she 
rolled  helplessly  in  the  trough  of  the  sea  for 
so  many  hours. 

I  once  saw  the  Minotaur  in  the  Channel 
off  Portland,  under  sail  alone,  in  a  moderate 
breeze  ;  she  might  have  been  going  5  knots, 
when  she  went  about.  We  did  not  time 
her  by  the  watch,  but  it  was  the  opinion  of 
three  or  four  who  were  looking  at  her  that 
she  was  in  stays  over  a  quarter  of  an 
hour.  The  helm  could  have  had  no  power 
the  last  10  min.,  it  was  only  the  two  for- 
ward topsails  aback  that  at  length  got  her 
round. 

When  a  vessel  has  bilge-keels — those 
very  questionable  appendages  to  prevent 
rolling; — there  is  another  force  acting 
against  the  power  of  the  rudder.  A  large 
ship  so  fitted,  lying  over  at  an  angle  of  15 
deg.,  brings  the  leeward  one  to  a  perpen- 
dicular at  a  depth  of  some  20  ft.  below  the 
surface  of  the  water,  offering  a  great  resist- 
ance to  the  turning  of  the  ship  ;  that,  with 
equal  area,  would  be  equal  to  the  power  of 
the  rudder,  were  the  speed  of  the  rotary 
motion  equal  to  the  forward  one  ;  but  I  find 
from  the  report  of  many  trial  trips,  that  the 
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speed  of  the  former  is  not  more  than  1-lGth 
of  the  latter  or  forward  one. 

Should  any  advocates  of  bilge-heels  doubt 
their  resistance  to  the  turning  of  a  ship,  let 
them  take  a  plank  20  ft.  long  and  15  in. 
deep,  weighted  to  float  edgeways  level  with 
the  water ;  then  make  fast  one  end,  and 
with  a  rope  drag  on  the  other,  until  the 
plank  has  made  a  half-circle ;  knowing  that 
force,  then  calculate  how  much  would  be 
required  to  turn  180  ft.  long  20  ft.  below 
the  surface.     The  result  will  be  instructive. 

Having  termed  bilge-keels  as  questiona- 
ble appendages,  to  prevent  rolling,  I  do  so 
for  this  reason — that  a  ship  does  not  of  her- 
self roll  in  the  water,  but  with  the  water  or 
wave  in  motion.  A  ship  is  comparatively 
still;  a  heavy  wave  comes  on,  lifting  her  up 
sidewaj's,  and  passing  under  her,  the  vessel 
rolls  over  to  her  other  side,  sliding  down  the 
receding  wave  into  the  hollow  between  it  and 
the  next  one  ;  when,  if  another  wave  did  not 
follow  on,  she  would  soon  remain  still,  hav- 
ing gained  her  equilibrium  or  perpendicular. 

Although  a  landsman,  I  have  repeatedly 
watched  vessels  rolling,  both  in  rough  and 
very  heavy  weather.  A  moderate  sea  on  the 
beam  or  quarter  lifts  the  ship  in  the  direc- 
tion she  is  going ;  but  a  heavy  beam  sea 
appears  to  strike  the  ship  low  down,  lifting 
her  up  with  the  deck  inclined  towards  its 
crest ;  and  this  is  the  critical  moment  when 
a  large  ship  resisting  or  checking  the  base 
of  the  wave,  the  upper  part  flows  on,  breaks 
on  board,  and  the  vessel  is  said  to  ship  a 
green  sea.  A  vessel  rolls  deeper  and  easier 
before  the  wind  with  a  heavy  sea  following, 
catching  her  sometimes  under  one  quarter 
and  occasionally  the  other ;  with  nothing  to 
counteract  this  lifting  power,  a  ship  thrown 
over  on  one  side  has  to  recover  herself;  but 
if  another  sea  does  not  again  lift  her,  the 
rolling  quickly  diminishes.  What  is  termed 
the  periodic  time  of  a  vessel  rolling,  appears 
then  from  actual  observation,  is  the  time  it 
takes  for  succeeding  waves  to  follow  on,  and 
tumble  the  ship  from  one  side  to  the  other. 

Watch  two  or  three  boys  making  a  boat 
roll  in  a  river ;  so  long  as  they  go  from  side 
to  side,  the  boat  rolls — the  moment  they 
cease,  the  boat  becomes  still  again.  A  ship 
under  sail  heels  over  according  to  the 
strength  of  the  wind,  more  or  less  as  it  in- 
creases or  lessens  ;  the  wind  dying  away  she 
becomes  upright ;  there  is  no  inherent  pow- 
er in  a  sailing-ship  or  steamer  to  go  from 
side  to  side  like  a  pendulum,  unless  some 
external  force  continually  acts  on  them.    An 


iron  light-ship  in  the  Bristol  Channel,  fitted 
with  rolling  chocks  15  in.  deep,  proved  pret- 
ty clearly  that  she  r611ed  with  the  water, 
not  in  it,  for  in  a  short  time  the  spaces  be- 
tween the  chocks  were  completely  tilled  up 
with  mussels,  that  when  removed  amounted 
to  tons  in  weight ;  now,  had  the  vessel  have 
rolled  in  the  water,  the  dash  against  the 
chocks  would  have  prevented  the  mussels 
taking  up  such  snug  quarters, 

If  therefore  bilge-keels  do  not  prevent 
rolling,  and  interfere  with  the  steering  of  a 
ship,  why  continue  the  use  of  them  ?  I  ask 
the  question,  may  not  the  difficulty  of  steer- 
ing some  of  the  large  iron-clads  (having  to 
be  fitted  with  hydraulic  or  steam-power  for 
the  purpose),  be  caused  by  their  requiring 
so  much  more  helm,  in  consequence  of  the 
resistance  of  their  bilge-keels  ?  It  might  be 
a  useful  experiment  to  remove  them  from 
the  one  that  steers  the  worst,  and  carefully 
observe  if  any  change  took  place  either  in 
rolling  or  steering;  I  cannot  fancy  she  would 
be  in  any  way  a  worse  ship  after  their  re- 
moval, and  most  certainly  an  easier  one  to 
steer.  I  am  not  aware  that  the  question  of 
the  value  of  bilge-keels,  or  their  interfering 
with  the  steering  of  a  ship,  has  been  brought 
before  this  institution,  and  I  feel  that  an 
expression  of  the  opinion  of  practical  men 
might  be  very  useful,  as  several  of  our  large 
iron-clads  are  fitted  with  them. 

Now  that  so  many  merchant  steamers  are 
being  built  eight  or  nine  times  the  length 
of  their  beam,  with  comparatively  small  en- 
gine power  for  long  voyages,  it  will  be  use- 
ful for  the  masters  of  those  vessels  to  have 
some  ready  method  of  calculating  the  power 
absorbed  by  the  rudder  at  given  angles,  to 
compare  with  the  power  of  engine.  A  vessel 
of  this  class  was  lost  not  long  since  ;  had 
her  captain  known  the  relative  power  of  his 
engine  and  rudder  he  would  probably  have 
kept  a  better  offing,  and  saved  the  ship. 
To  first-class  steamers  with  powerful  engines 
it  may  not  be  of  so  much  consequence,  but 
still  a  correct  knowledge  of  speed  and  rud- 
der-power would  be  a  help — as  head  to  sea, 
in  heavy  gales,  the  rudder  has  little  guiding 
power ;  and  at  an  angle  supposed  needful 
to  get  a  vessel  out  of  the  trough  of  the  sea, 
might  almost  nullify  the  power  of  the  engine. 
It  may  be  said  a  seaman  knows  all  these 
things  intuitively;  nevertheless  the  observa- 
tions of  a  landsman,  without  responsibility 
to  distract  his  attention,  may  suggest  new 
ideas,  and  partly  wuth  this  view  I  have 
written  this  paper. 
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WATER  CONTAMINATION  AND  SPECULATIVE  CHEMISTRY. 

From    "The  Engineer." 


Viewing  the  indispensability  of  water  as 
an  article  of  large  consumption  in  our  die- 
tary rations,  and  considering,  moreover,  that 
it  is  an  article  of  diet  which,  unlike  many 
others,  admits  no  possibility  of  choice  to  the 
inhabitants  of  a  large  city  such  as  London, 
one  cannot  wonder  that  so  much  popular 
anxiety  is  shown  in  respect  to  its  noxious 
impurities.  We  emphasize  noxious,  be- 
cause, without  stich  adjective  qualification, 
the  word  impurity,  used  in  its  chemical  and 
obvious  sense,  would  cease  to  convey  to  the 
general  public  any  intelligible  meaning. 
Now,  unfortunately,  the  question,  What  is 
a  noxious  water  impurity  ?  has  to  be  begged; 
and  as  to  the  response  there  exists — not 
only  amongst  individuals  of  the  general  pub- 
lic, but  amongst  water  analysts  themselves 
— a  wide  divergence  of  opinion.  The  case 
is  one  that  imposes  special  difficulty  on  the 
analyst,  for  the  reason  that  he  starts  from 
no  fixed  point  or  condition  having  special 
claim  to  the  designation  "  normal."  If 
such  a  thing  as  absolutely  pure  water  had 
been  presented  to  us  anywhere  by  nature 
— if  demonstration  had  been  made  that 
such  absolutely  pure  water  was  better  than 
any  variation  from  that  standard  for  dietetic 
use — then  the  chemical  analyst,  in  laying 
the  results  of  his  experiments  before  the 
public  for  purposes  of  general  utility,  would 
have  been  absolved  from  many  difficulties 
and  causes  of  error  which  now  beset  him. 
Proceeding  from  analytical  deductions  to 
practical  means  for  ameliorating  the  coixli- 
tion  of  a  given  water  supply,  he  would 
know  at  least  what  to  aim  at,  even  though 
the  result  achievable  might — as  it  assuredly 
would — fall  short  of  the  aim.  He  would 
try,  by  all  expedients  in  his  power,  to  ap- 
proach the  condition  of  distilled  water — a 
liquid  compound  of  oxygen  and  hydrogen 
wholly,  nothing  dissolved  in  it — not  even 
atmospheric  air.  Now,  such  a  liquid  is 
absolutely  foreign  to  nature.  When  artifi- 
cially prepared,  and  tried  for  purposes  of 
experiment,  it  is  found  to  be  so  prejudicial 
to  health  that  such  water  has  to  be  aerated 
before  the  stomach  can  gratefully  receive 
or  advantageously  appropriate  it.  Were 
there  a  possibility  of  furnishing  London 
with  no  water  but  distilled  water,  and  that 
in  adequate  quantity,  such  water  must  actu- 
ally be  more    or  less  contaminated  before 

Vol.  VII. —No.  6—38 


adaptation  to  the  dietetic  needs  of  man. 
Without  aerial  impregnation  at  least,  it 
could  not  be  readily  digested,  and  without 
the  presence  of  a  small  amount  of  mineral 
matter — by  preference,  lime  carbonate — it 
would  rapidly  corrode  all  lead  with  which  it 
might  come  into  contact,  and  thus — lead 
tanks  and  pipes  being  a  necessity — would 
induce  universal  poisoning. 

In  consequence,  then,  of  unacquaintance 
with  the  best  standard  of  water  for  dietetic 
purposes,  the  reports  of  water  analysts  have 
of  late  years  shown  more  divergence  than 
might  have  been  expected  from  professors 
of  a  correct  science.  This  divergence  is 
more  physiologically  speculative  than  rigidly 
chemical,  attributable  not  so  much  to  varia- 
tions of  record  in  regard  to  things  found  as 
in  respect  to  methods  of  grouping  them,  and 
to  speculative  opinions  founded  upon  them. 
In  cases  where  the  water  analyst  is  a 
medical  man  considerable  license  may  be 
accorded  for  expressions  of  belief  as  to 
nocuity  or  innocuity,  though  even  then  the 
analyst  would  perhaps  do  well  to  publish 
mere  records  of  analysis,  leaving  indepen- 
dent minds  to  fix  relations  and  impute 
physiological  qualities  to  things  found, 
which  the  analyst  himself  could  hardly  do 
without  begetting  the  impression  that  he 
may  have  conducted  the  analysis  under  the 
influence  of  bias. 

Far  be  it  from  our  meaning  to  impute  to 
any  analyst  of  experience  and  reputation 
that  the  influence  of  any  bias  would  affect 
his  estimation  or  non-estimation  of  this  or 
that  material.  We  have  already  explained 
that  the  real  difference  between  non-accord- 
ant chemical  reports  of  one  and  the  same 
water  is  preferable  to  variation  in  mode  of 
grouping  things  found  partly,  but  still  more 
to  collateral  inferences  and  deductive  guess- 
es. To  give  a  frequently  occurring  ex- 
ample, the  following  may  be  cited  : — A  por- 
tion of  water  holding  nitrite  or  nitrate  of 
ammonia — perhaps  both — is  sent  for  anal- 
ysis to  two  different  chemists,  one  of  whom 
is  under  the  firm  conviction  that  the  salts  in 
question  can  only  find  their  way  into  water 
through  previous  sewage  contamination. 
whilst  the  second  chemist  holds  the  contrary 
belief,  that  nitrite  and  nitrate  of  ammonia 
can  find  their  way  into  water  through  elec- 
trical  and    atmospheric    agencies.      Now, 
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according  as  the  results  of  analysis  may 
have  been  set  down  and  commented  upon 
under  the  influence  of  this  belief  or  that, 
the  reports  may  vary  in  tendency  from  the 
point  of  absolute  condemnation  of  the  water 
for  dietetic  purposes  to  the  opposite  extreme 
of  proclaiming  it  wholly  salubrious.  There 
is  nothing  prejudical  to  health  in  either  ni- 
trite or  nitrate  of  ammonia  to  the  possible 
extent  of  their  existence  in  any  sample  of 
water.  The  presence  of  these  salts  is  merely 
laid  hold  of  as  furnishing  collateral  proof  of 
another  and  previous  condition,  the  insalu- 
brity of  which  is  fully  admitted.  "We  con- 
sider it  a  subject  to  be  regretted  that  of  late 
years  there  has  been  a  tendency  to  prose- 
cute chemical  analyses  under  a  system  of 
collateral  proof  and  inference,  which  if  not 
guarded  against  threatens  to  bring  uncer- 
tainty into  what  ought  to  be  a  certain 
science.  What,  too,  awakens  much  regret 
is  the  fact  that,  under  the  aspect  of  ex- 
treme precision,  this  prosecution  of  analysis 
by  collateral  proof,  or  rather  inference,  not 
unfrequently  gives  rise  to  inevitable  and 
abundant  error.  Thus  we  emphatically 
protest  against  the  use  of  quantitative  color 
tests  on  any  possible  occasion ;  but  perhaps 
our  objection  lies  in  the  highest  degree 
against  these  agents  when  used  as  now 
commonly  prevails  in  water  analysis.  The 
time  is  not  so  far  removed  when  evidence  of 
the  balance — weighing  — was  alone  accepted 
as  worthy  of  faith  in  any  statement  of 
things  found  in  the  progress  of  analysis. 
At  present,  in  many  sorts  of  analysis, 
weighing  has  become  rather  the  exception 
than  the  rule,  volumetric  estimation  having 
supplanted  it.  There  is  nothing  to  be 
urged  against  the  cases  of  volumetric  analy- 
sis, in  which  weighing  is  indirectly  involved ; 
as,  for  example,  in  comparing  a  known  vol- 
ume of  cloride  of  sodium  solution  of  known 
strength  with  a  corresponding  volume  of 
solution  of  nitrate  of  silver.  In  that  case, 
and  others  similar,  the  operation  of  weigh- 
ing, instead  of  being  wholly  dispensed  with, 
as  at  first  would  seem  to  be  the  case,  is 
only  thrust  a  stage  back,  namely,  back  to 
the  operation  by  which  the  original  test 
solution  was  made.  The  class  of  volumetric, 
so  called  quantitative,  estimations  to  which 
we  emphatically  object,  comprehends  the 
professed  estimation  of  various  things,  not 
qualitatively  but  quantitatively,  by  judging 
of  the  precise  depth  of  tint  imparted  to  a 
fluid  on  addition  of  a  stated  constant  quan- 
tity of  test  solution  in  a  glass  vessel  of  as- 


sumed constant  shape  and  capacity.  We 
are  loth  to  impugn  by  name  any  test  which 
bears  the  name  of  a  chemist  who  devised 
it,  but  water  analysts  will  easily  recognize 
one  test  of  this  description  as  especially 
present  to  our  minds.  We  impeach  the 
accuracy  of  this  sort  of  miscalled  quantita- 
tive chemistry  altogether.  Under  no  cir- 
cumstances would  the  application  of  such  a 
test  evolve  correct  qantitative  results  ;  but, 
perhaps,  the  strangest  cause  of  objection 
lies  in  the  pretence  of  a  quantitative 
accuracy,  with  which  all  evidence  accruing 
from  tests  of  this  kind  is  invested.  To  see 
the  fraction  of  a  grain  of  ammonia  in  a  gal- 
lon of  water  stated  in  the  fourth  or  fifth 
decimal  place,  as  is  now  often  done  on  the 
evidence  of  a  much-used  color  test,  is  posi- 
tively absurd,  and  when  on  such  evidence 
physiological  theories  of  disease  origin  are 
founded,  one  cannot  but  marvel  at  the 
small  amount  of  testimony  on  which  a 
theory  can  find  popular  acceptance. 

The  wide  divergence  of  opinion  which 
prevails  amongst  various  analysts  as  to  the 
nocuity  or  innocuity  of  various  things  pres- 
ent in  water,  shows  at  least  that  room  for 
doubt  still  exists  on  many  points  of  this 
subject.  On  a  former  occasion  we  ventured 
to  propound  the  question,  whether  the  very 
prevalent  belief  in  the  superiority  for  po- 
table use,  of  deep-well  water  over  every 
other  natural  water,  be  a  fact  so  well  estab- 
lished as  most  doctors  would  have  the  pub- 
lic believe  ?  If  it  really  be  a  fact,  then, 
the  digestion  of  man  must  be  amenable 
to  conditions  differing  from  those  of  all 
other  vertebrate  animals.  Every  groom 
knows  that  deep-well  water  is  more  pre- 
judicial to  a  horse  than  even  the  water  of  a 
muddy  stream.  Every  intelligent  herds- 
man knows  the  same  rule  applies  to  his 
cattle.  If  it  be  a  fact,  then,  it  is  a  curious 
fact  that  deep-well  water,  highly  charged, 
as  it  mostly  is,  with  mineral  substances, 
should  suit  the  digestive  powers  of  mankind 
better  than  the  water  of  running  streams. 
One  question  more  in  the  spirit  of  investi- 
gation we  would  like  to  propound  to  micro- 
scopists  and  medical  authoritiesr.  It  is, 
whether  since  the  imagined  tracing  of 
cholera  distribution  to  the  presence  of  a 
specific  germ  conveyed  mostly  by  water  (the 
demonstration  has  never  been  actually 
made  out),  the  fear  of  all  organic  germs 
has  not  been  overstrained  ?  We  would  not 
be  understood  as  denying  the  connection 
alleged  to  subsist  between    the  dissemina- 
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tion  of  cholera  by  a  specific  germ  ;  on  the 
contrary,  the  affirmative  commends  itself 
strongly  to  our  belief;  but  in  all  cases  it  is 
well  to  establish  sharp  distinctions  between 
things  proved  and  other  things  strongly 
suspected.  Granting,  for  purposes  of  argu- 
ment, the  existence  of  cholera  germs,  typhus 
and  typhoid  germs,  and  others  many,  it 
does  not  still  therefore  follow  that  chemists 
and  microscopists  are  justified  in  consider- 
ing each  and  every  species  of  organic  germ 
present  in  water  to  be  necessarily  prejudi- 
cial to  human  health.     With  equal  reason 


might  an  indictment  be  laid  against  the  air 
we  breathe,  which,  under  each  and  every 
possible  condition  of  respiration,  conveys  into 
our  lungs  myriads  of  organic  germs.  The 
atmosphere  teems  with  those  small  forms  of 
life,  some  prejudicial  doubtless,  but  the 
majority  harmless,  nay,  according  to  the  be- 
lief of  certain  naturalists,  advantageous, 
the  opinion  having  lately  gained  ground 
that  certain  of  these  air-borne  germs  have 
some  important  and  yet  undiscovered 
function  to  perform  in  the  economy  of  ani- 
mal life. 


LAND  SPANS  AND  ARCHES. 


From  "The  Building  News. 


The  majority  of  bridges  erected  over 
rivers  and  streams  have  one  or  more  land 
spans.  By  the  term  "  land  span,"  or  "land 
arch,"  is  meant  the  span  or  spans  nearest 
to  the  abutments,  under  which  no  water 
flows,  or  flows  only  at  certain  times.  This 
is  the  broadest  definition  of  the  term,  and 
some  discrimination  must  be  used  in  its 
application.  Let  us,  for  instance,  take  the 
case  of  a  bridge  of  five  or  six  arches  or 
spans,  erected  over  a  wide  river  in  a  moun- 
tainous district.  At  certain  seasons  of  the 
year  all  the  spans,  with,  perhaps,  the  excep- 
tion of  the  centre  one,  will  be  dry,  and  pass- 
able for  both  vehicles  and  pedestrians.  But 
during  the  autumn  and  winter  the  floods  from 
the  upper  levels  will  be  so  violent  as  to 
form  a  deep  and  rapid  current,  extending 
from  one  abutment  to  the  other.  Although 
the  majority  of  the  spans  are,  therefore,  dry 
at  certain  times  of  the  year,  they  can  scarcely 
be  called  land  spans.  But  there  is  another 
case  which  bears  out  more  correctly  the 
signification  of  the  word.  It  is  that  of  a 
tidal  river,  which  is  not  dependent  upon 
periodical  floods  or  heavy  storms  for  the 
varying  level  of  its  waters,  the  height  of 
which  is  regulated  by  the  rise  and  fall  of 
the  tide.  Again,  there  is  a  third  case, 
which  may  be  considered  as  the  true  expo- 
sition of  the  technical  phrase.  This  occurs 
when  the  arch  or  span  nearest  the  abutment 
is  built  designedly  for  the  purpose  of  afford- 
ing a  passage  underneath  for  ordinary  traffic. 
A  common  example  is  to  be  seen  in  the 
bridges  over  large  canals  and  navigable 
rivers,  upon  which  barges  are  in  the  habit 
of  plying.  To  allow  a  passage  for  the  tow- 
ing path,  a  small  arch  is  generally  turned 


at  one  or  both  sides,  which  is  in  the  strictest 
sense  a  land  arch.  Independently  of  all 
these  considerations,  a  land  arch  is  fre- 
quently attached  to  a  super-aqueous  bridge 
for  no  other  reason  than  to  avoid  placing 
the  abutment  too  near  the  water.  When 
the  foundations_are  bad,  or  of  a  treacherous, 
unreliable  character,  it  is  preferable  to  found 
the  abutments  some  short  distance  inland, 
which  consequently  leaves  the  span  inter- 
vening between  them  and  the  first  piers  on 
either  side  nearly  dry.  There  is  still  one 
more  case  to  be  noticed,  which  embraces  all 
those  examples  in  which  originally  the 
water  way  extended  from  one  abutment  to 
the  other,  but  from  alterations  in  the  course 
of  the  river,  either  naturally  or  artificially, 
one  or  other  of  the  extreme  spans  have  be- 
come dry.  This  last  consideration  brings 
us  to  the  more  immediate  subject  of  our  ar- 
ticle. 

It  is  said  that  the  present  Thames  Em- 
bankment, upon  the  Middlesex  side  of  the 
river,  was  projected  and  discussed  fully 
thirty  years  ago,  but  that  owing  to  that 
procrastination  which  ever  attends  the  car- 
rying out  of  public  works,  it  was  shelved 
and  put  off  from  time  to  time,  until  its  exe- 
cution devolved  upon  the  men  of  our  own 
day.  From  the  manner  in  which  some  of 
the  modern  bridges  over  the  Thames  have 
been  built  it  is  evident  that  but  very  little 
attention  was  bestowed  upou  the  probability 
of  the  Embankment  being  constructed. 
Waterloo  Bridge,  being  anterior  to  even  the 
proposition  of  the  Embankment,  may  be 
omitted  in  the  category ;  but  the  manner  in 
which  the  wall  joins  in  with  Blackfriars 
Bridge  is  certainly  neither  pleasing  to  the 
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eye  nor  in  accordance  with  the  general  run 
of  the  river.  Standing  on  the  bridge  at  a 
point  nearly  vertically  over  the  first  pier 
from  the  Middlesex  end,  and  ranging  the 
line  of  the  Embankment  "wall,  its  direction, 
if  prolonged,  would  nearly  catch  the  pier, 
and  by  a  gentle  curve  could  have  been 
brought  into  it,  thus  converting  the  arch 
springing  from  the  northern  abutment  into 
a  land  arch.  As  it  is,  the  wall  is  brought 
by  a  curve  in  the  reverse  direction  to  meet 
the  abutment,  and  forms  a  re-entering 
angle,  terminating  in  a  complete  cul-de-sac, 
where  deposits  will  rapidly  accumulate.  A 
glance  is  sufficient  to  demonstrate  to  the 
merest  amateur  that  the  line  of  the  wall 
should  have  been  kept  back  or  the  northern 
abutment  of  the  bridge  pushed  forward. 
The  true  mean  would  have  been  obtained 
by  making  a  slight  alteration  in  the  present 
position  and  direction  of  both.  It  may  be 
urged  that  in  taking  this  view  of  the  matter 
we  have  only  had  regard  to  the  up-stream 
side  of  the  river,  and  that  the  position  of 
the  abutment  of  the  bridge  of  the  London, 
Chatham  and  Dover  Railway,  in  some 
measure  regulated  that  of  the  Blackfriars 
Bridge  and  the  Embankment  wall.  That 
there  is  some  justice  and  force  in  this  remark 
we  do  not  pretend  to  deny,  but  the  plea  is 
not  sufficient  to  excuse  the  sharp  fork  that  is 
formed  between  the  northern  abutment  of 
the  bridge  in  question  and  the  wall. 

Returning  to  the  conversion  of  wet  spans 
into  dry  ones,  the  railway  bridge  at  Charing- 
cross  furnishes  an  excellent  instance  in 
point.  There  are  now  three  dry,  or  land, 
arches  on  the  Middlesex  shore.  One  of 
them  certainly  cannot  be  called  a  dry  span, 
as  will  be  presently  explained.  Under  one 
of  these  spans  the  main  road  of  the  Em- 
bankment passes.  The  next  is  appropriated 
by  a  portion  of  the  roof  of  the  Metropolitan 
Railway  Station,  and  constitutes  one  of  the 
most  hideous  sights  along  the  whole  riparian 
route  from  Westminster  to  Blackfriars  ;  and 
the  third  and  last  is  carried  over  the  back 
road  connecting  the  main  thoroughfare  and' 
that  leading  from  Whitehall  with  Villiers 
street,  the  upper  end  of  which  opens  into 
the  Strand.  While  alluding  to  this  street, 
it  may  be  mentioned,  apropos  to  the  matter, 
that  unless  a  sufficient  number  of  thorough- 
fares connecting  the  Strand  and  Eleet  street 
with  the  Embankment  are  opened  up,  the 
greater  part  of  the  value  the  latter  work  is 
supposed  to  confer  upon  the  public  will  be 
lost.      The  continuation    of  Villiers  street 


should  have  been  laid  out  to  the  left,  look- 
ing towards  the  river,  and  not  taken  round 
under  the  Charing-cross  Bridge,  thus  oblig- 
ing a  vehicle  coming  from  that  part  of  the 
Strand  to  the  river  to  pass  twice  under 
the  same  bridge  and  circumnavigate  the 
Underground  Railway  Station.  The 
leakage  of  railway  bridges  erected  over 
metropolitan  streets  is  notorious,  and  the 
companies  have  been  compelled  to  take 
means  for  preventing  it.  The  usual  method 
is  to  sheet  with  zinc  thoee  portions  of  the 
soffit  which  are  over  the  footpaths,  or  to  put 
up  a  kind  of  zinc  cover  or  screen,  while 
proper  gutters  and  down-pipes  are  supplied 
tor  carrying  off  the  water  as  it  accumulates. 
Something  of  this  sort  ought  to  be  done 
with  the  soffit  of  the  land  or  fan- shaped 
span  of  the  Charing-cross  railway  bridge, 
as  its  present  state  is  simply  disgraceful.  It 
not  only  leaks,  but  there  is  a  regular  down- 
pour of  water  at  various  points  upon  the 
pathways  and  road  beneath.  It  would 
appear  as  if  the  methods  for  accomplishing 
the  drainage  of  the  superstructure,  when 
there  was  water  underneath  the  span  instead 
of  a  road,  had  been  left  unaltered.  As  yet, 
it  is  true  that  there  is  no  thoroughfare  from 
the  Strand  to  the  Embankment  via  Villiers 
street,  bat  that  is  no  excuse  for  allowing 
the  state  of  affairs  to  continue.  The  way 
is  open  to  pedestrians  ;  they  ought  not  to 
be  compelled  to  put  up  their  umbrellas  in 
passing  under  a  bridge.  Neither  can  the 
plea  of  expense  to  the  Company  be  accepted 
as  exonerating  them  from  their  responsi- 
bility, for  it  was  perfectly  well  known  at  the 
time  the  bridge  was  built  that  before  long: 
the  river  would  be  diverted  from  some  of  the 
spans,  and  that  they  would  ultimately  be 
over  roads  and  metropolitan  thoroughfares  ; 
but  with  the  actual  party  upon  whom  it 
may  devolve,  legally  or  equitably,  to  make 
the  road  passable,  we  have  nothing  to  do. 
In  the  interest  of  the  public,  whenever  new 
routes  and  streets  are  carried  under  bridges 
which  may  formerly  have  spanned  a  water- 
way, it  is  sombody's  duty  to  see  that  the 
soffits  are  water-tight,  and  that  the  drainage 
is  discharged  into  the  proper  receptacles  for 
it,  and  not  upon  the  persons  of  the  unfor- 
tunate wayfarers  below. 


FT  he  New  Zealand  Government  has  agreed 
X  with  Messrs.  Brogden  and  Sons  for  the 
construction  of  eight  miles  of  railway  from 
Wellington  to  Pitone. 
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From  "Engineering." 


The  plan  of  working  tramway  cars 
or  other  vehicles  by  turning  to  account  the 
power  stored  up  in  a  supply  of  compressed 
air,  is  one  which  has  been  frequently  pro- 
posed, and  which  has  in  several  instances 
been  carried  out  in  practice  with  results  in 
some  cases  satisfactory,  and  in  others  of  a 
decidedly  opposite  kind.  In  America,  in 
particular,  this  system  of  propulsion  has 
attracted  much  attention,  and  we,  from 
time  to  time,  receive  from  the  United  States 
reports  of  the  more  or  less  successful  trials 
of  various  modes  of  carrying  out  the  system 
in  practice.  It  unfortunately  happens, 
however,  that  the  data  available  concerning 
these  trials  are  generally  of  the  vaguest  pos- 
sible kind.  They  inform  us,  perhaps,  that 
a  car  fitted  up  with  a  compressed  air  en- 
gine made  such  and  such  trip  in  such  and 
such  a  time,  and  that  the  performance  was 
successful,  or  that  it  failed  in  some  way  or 
other  ;  but  we  are  doubtful  if  any  really 
complete  series  of  experiments  has  ever  been 
made  with  one  of  these  engines,  or  at  all 
events  we  are  unaware  of  a  report  of  any 
such  experiments  having  been  published. 
By  a  complete  series  of  experiments  on  a 
compressed  air  engine  we  mean  a  trial,  or 
series  of  trials,  of  the  engine  on  the  line  of 
which  the  gradients  are  known,  and  with 
a  load  also  known,  there  being  taken  dur- 
ing the  run  or  runs,  a  continuous  series  of 
indicator  diagrams  from  the  cylinders,  and 
contemporaneous  observations  of  the  tempe- 
ratures and  pressures  of  the  air  in  the 
reservoir,  and  in  the  pipe  leading  to  the 
cylinder,  besides  a  record  of  the  temperature 
of  the  air  as  it  is  discharged  from  the 
cylinder  into  the  atmosphere.  The  baro- 
metric pressure  and  the  temperature  of  the 
external  air,  and  the  amount  of  moisture 
present  should  also  be  noted,  while  a  record 
might  also  be  kept  of  the  temperatures  of 
the  external  surfaces  of  the  reservoir,  of  the 
pipes  communicating  with  the  cylinders, 
and  of  the  cylinders  themselves. 

From  such  a  series  of  observations  as 
that  to  which  we  have  alluded,  some  valu- 
able data  might  be  deduced  bearing  upon 
the  construction  of  pneumatic  locomotives, 
and  we  believe  that  a  great  deal  of  the  time 
and  money  at  present  spent  in  so-called  prac- 
tical experiments  might  be  saved.  It  would 
be  possible,  for   example,   to   deduce    from 


such  observations  information  respecting 
the  rates  at  which  the  air  during  expansion 
took  up  heat  from  objects  with  which  it  was 
in  contact,  and  to  determine  the  extent  to 
which  the  heat  converted  into  work  was  re- 
placed by  other  heat  absorbed  by  external 
sources.  These  data  being  obtained,  it 
would  become  possible  to  determine  approxi- 
mately the  best  proportions  between  the 
initial  and  working  pressures  of  the  air 
used  (for  in  most  cases  the  pressure  of  the 
air  is  materially  reduced  on  its  way  from 
the  reservoir  to  the  cylinders),  the  best  cy Un- 
der capacity  to  employ  for  a  given  amount 
of  work  to  be  performed,  and  the  best 
place  to  make  up,  or  try  to  make  up,  the  loss 
of  heat  due  to  work  done.  The  determina- 
tion of  these  points,  even  approximately, 
would  be  of  immense  service  to  those  who 
are  endeavoring  to  bring  pneumatic 
propulsion  into  use,  and  instead  of  working 
in  the  dark,  as  at  present  most — if  not  all 
— of  them  appear  to  be  doing,  we  should 
earnestly  recommend  them  to  carry  out 
such  trials  as  those  of  which  we  have  spok- 
en. If  they  were  to  do  so  we  feel  certain 
that  the  cause  in  the  progress  of  which 
they  are  interested  would  be  most  materi- 
ally benefited. 

From  the  time  that  the  system  of  work- 
ing engines  by  compressed  air  was  first 
proposed,  down  to  the  present,  on  of  the 
most  annoying  practical  difficulties  with 
which  the  advocates  of  the  system  have  had 
to  struggle,  has  been  the  excessive  refrigera- 
tion caused  by  the  expansion  of  the  air,  and 
the  consequent  freezing  of  the  moisture 
contained  in  it ;  this  freezing  resulting  in 
the  blocking  up  of  the  pipes  and  passages 
with  ice.  To  avoid  this  trouble,  it  has  been 
proposed  to  heat  the  air  on  its  way  to  the 
cylinders  by  passing  it  through  pipes  en- 
closed in  a  stove  or  furnace,  or  to  envelop 
the  cylinders  in  jackets  through  which  the 
products  of  combustion  of  a  stove  might  be 
made  to  circulate  ;  while,  in  the  case  of  the 
submarine  boats  built  at  St.  Petersburgh 
some  time  ago  for  the  Russian  Government, 
and  which  are  driven  by  engines  worked  by 
compressed  air,  the  plan  was  resorted  to  of 
connecting  the  engines  with  the  reservoirs 
by  a  number  of  pipes,  and  shutting  off  the 
current  of  air  through  any  of  those  pipes  in 
which   ice    mio-ht    accumulate,  so  that  the 
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latter  might  be  thawed  by  the  absorption  of 
heat  from  extei'nal  sources.  In  some  cases 
upwards  of  thirty  pipes  were  used  to  con- 
nect the  engine  with  the  reservoir  of  air. 
This  plan  of  employing  a  number  of  con- 
necting-pipes no  doubt  meets  a  portion  of 
the  difficulty  ;  but  it  is  a  plan  requiring 
more  attention  than  it  is  desirable  should 
have  to  be  bestowed  on  the  working  of 
engines  fitted  to  tramway  cars,  while  the 
proposals  to  heat  the  air  on  its  way  to  the 
cylinders,  by  passing  it  through  tubes  ex- 
posed to  the  fire  of  a  stove  or  furnace,  or  to 
heat  the  cylinders  by  means  of  jackets 
traversed  by  products  of  combustion,  are 
also  open  to  objection  on  practical  grounds. 
Amongst  other  things  there  is,  if  either  of 
these  latter  plans  be  resorted  to,  always  a 
risk  of  giving  to  the  air,  prior  to  its  admis- 
sion, or  to  the  cylinder  itself,  such  a  temper- 
ature as  to  destroy  the  lubricating  material 
employed,  and  thus  cause  "  cutting "  to 
take  place. 

Having  objected  to  the  principal  plans 
proposed  for  obviating  the  difficulties  result- 
ing from  the  refrigeration  of  the  air  during 
expansion,  it  is  only  fair  that  we  should 
point  out  what  we  believe  to  be  a  preferable 
mode  of  getting  over  these  difficulties. 
This  mode  consists  simply  in  the  employ- 
ment of  a  hot- water  jacket  for  both  the 
cylinders  and  reservoir,  and  in  the  adoption 
of  a  sufficiently  slow  piston  speed.  The 
water  jacket  may  consist  simply  of  a  tank 
well  lagged  externally,  and  sufficiently  large 
to  contain  the  air  reservoir,  the  connecting 
pipes,  and  the  cylinders  ;  or,  if  preferred, 
the  reservoir  and  the  cylinders  may  be  en- 
closed in  independent  jackets  or  tanks,  it 
being  merely  necessary  to  take  care  that 
each  jacket  contains  a  sufficient  supply  of 
hot  water  to  furnish  the  heat  required  of  it 
during  the  run.  It  may,  at  first  thought, 
be  supposed  that  the  quantity  of  water  re- 
quired to  supply  this  heat  would  be  so  great 
as  to  render  the  plan  proposed  an  impractic- 
able one.  So  far  from  this  being  the  case, 
however,  the  quantity  required  is  remark- 
ably small,  as  we  shall  show  on  a  future 
occasion,  when  we  treat  of  the  question  in 
greater  detail;  and  we  may  remark  here, 
that  for  running  a  6-ton  car  for  three  miles 
over  a  fair  ordinary  road,  the  quantity  of 
hot  water  required  for  the  jackets  would  be 
but  about  20  gallons  only,  it  being  supposed 
that  this  quantity  is  renewed  by  a  fresh 
supply  at  a  temperature  of  200  deg.,  or 
reheated,  say,  by  blowing  steam  into   it  at 


the  commencement  of  each  trip.  In  some 
cases  where  a  stove  is  employed  to  warm 
the  car,  the  heat  from  this  stove  could  be 
turned  to  account  for  maintaining  the 
temperature  of  the  jacket  water. 

We  have  mentioned  that,  in  addition  to 
using  hot-water  jackets,  it  appears  to  us 
desirable  that  a  slow  piston  speed  should 
be  adopted  for  compressed  air  engines,  and 
we  may  explain  briefly  why  we  hold  this 
opinion,  an  opinion  which  may,  perhaps,  be 
opposed  to  the  experience  of  some  who  have 
worked  such  engines  without  jacketed 
cylinders.  Let  us,  for  instance,  consider 
the  case  of  an  engine  in  which  the  air, 
stored  up  at  a  high  pressure  in  a  main 
reservoir,  is  led  thence,  through  a  reducing 
valve,  to  an  intermediate  receiver,  in  which 
it  is  maintained  at  a  constant  pressure, 
while  from  this  receiver  it  passes  to  the 
cylinder,  and  is  cut  off  in  the  latter  at,  say, 
one-third  the  stroke.  In  such  an  arrange- 
ment the  work  expended  in  the  intermediate 
receiver  in  supplying  air  to  the  cylinder  is- 
balanced  by  that  developed  by  the  entrance 
of  the  air  from  the  main  reservoir,  and 
under  these  circumstances  the  intermediate 
receiver  is  exposed  to  neither  a  loss  nor 
gain  of  heat,  so  long  as  the  air  flowing  into 
it  from  the  main  reservoir  is  maintained  at 
a  constant  temperature.  The  work  done 
during  the  first  third  of  each  stroke  prior  to 
the  valve  closing  the  admission  port,  is  really 
done  by  the  expansion  of  the  air  in  the 
main  reservoir,  and  it  is  to  that  reservoir, 
consequently,  that  the  heat  must  be  supplied 
if  the  air  flowing  to  the  cylinder  is  to  be 
maintained  at  a  constant  temperature. 
With  a  hot- water  jacket  there  need  be  no 
difficulty  in  adopting  such  a  form  of  main 
reservoir  as  will  enable  this  required  amount 
of  heat  to  be  communicated  to  the  contained 
air  with  certainty.  After  the  point  of  cut- 
off is  passed,  however,  the  work  done  in 
the  cylinder  during  each  stroke  is  performed 
by  the  expansion  of  the  air  contained  in  the 
cylinder,  and  this  expansion  is,  of  course, 
accompanied  by  a  refrigerating  effect.  To 
prevent  the  temperature  of  the  air  in  the 
cylinder  falling  so  low  during  this  expan- 
sion, it  is  desirable  to  supply  heat  from 
external  sources  while  that  expansion  is 
taking  place.  But  air  takes  up  heat  but 
slowly  from  the  surfaces  with  which  it  is 
in  contact,  and  hence,  that  the  heating  to 
which  we  have  referred  may  be  successfully 
performed,  it  is  necessary  either  to  envelop 
the  cylinder  in  a  jacket  of  which  the  con- 
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tents  are  kept  at  a  high  temperature,  or  to 
employ  such  a  slow  piston  speed  that  time 
is  given  for  the  absorption  of  heat  from  a 
jacket  of  which  the  contents  are  but  moder- 
ately heated.  For  several  practical  reasons 
we  prefer  the  latter  alternative,  and  hence 
it  is  that  we  advocate  slow  piston  speeds  for 
compressed  air  engines.  What  the  best 
piston  speed  may  be  it  is  impossible  at 
present  to  say,  as  data  for  arguing  the  ques- 
tion properly  are  wanting  ;  but  we  consider 
that  there  is  evidence  available  to  show  that 
this  speed  is  much  lower  than  has  hitherto 
been  generally  adopted  for  such  engines, 
and  we  believe  that  the  matter  is  one  which 
has  not  hitherto  received  the  attention 
which  its  importance  deserves.  Air,  it  must 
be  remembered,  possesses  very  different 
qualities  to  steam,  and  the  arguments  in 
favor  of  high-piston  speeds  for  steam 
engines  certainly  do  not  apply  to   motors 


worked  by  compressed  air.  We  have 
now  directed  attention  to  some  of  the 
leading  points  connected  with  the  sys- 
tem of  working  engines  by  compressed 
air ;  but  we  have  very  far  from  exhausted 
the  subject.  There  are  said  to  be  more 
ways  of  killing  a  dog  than  hanging  him, 
and  it  is  equally  true  that  there  are  more 
ways  of  getting  rid  of  the  trouble  arising 
from  frozen  moisture  in  the  class  of  engines 
of  which  we  have  been  speaking  than  that 
of  jacketing  the  reservoir  and  cylinders. 
A  consideration  of  these  methods,  however, 
we  must  leave  for  a  future  article,  when 
we  shall  also  have  something  to  say  of  the 
system  from  a  quantitative  point  of  view  ; 
or,  in  other  words,  shall  speak  of  the 
amount  of  compressed  air  which  it  is  neces- 
sary to  carry  to  perform  a  given  amount  of 
work,  and  shall  probably  treat  of  the  effi- 
ciency of  the  system  as  a  whole. 


ORIGIN  AND  GROWTH  OF  ROMANESQUE  ARCHITECTURE. 

By  EDWARD  A.  FREEMAN. 
From  "The  Building  News. " 


The  only  sound  classification  of  styles  of 
architecture  is  that  which  arranges  them 
according  to  their  leading  principles  of  con- 
struction. Of  such  principles,  as  far  as  we 
know  at  present,  there  are  only  three ; 
more  accurately  speaking,  there  are  only 
two,  one  of  which  again  falls  into  two  great 
subdivisions.  The  two  great  systems  of  con- 
struction are  the  Entablature  and  the  Arch, 
and  the  arch  again  may  be  either  round  or 
pointed.  We  thus  get  three  distinct  forms 
of  construction,  the  Entablature,  the  Round 
Arch,  and  the  Pointed  Arch.  And  each  of 
'  these  principles  of  construction  has  been,  in 
its  own  time  and  place,  the  animating  prin- 
ciple of  a  style  of  architecture.  That  is  to 
say,  there  have  been  times  and  places  in 
which  each  of  the  three  has  not  only  been 
the  prevalent  form  of  construction,  but  has 
been  accompanied  by  an  harmonious  and 
consistent  system  of  decoration.  Each  of 
the  three  constructive  principles  may  be 
looked  on  as  the  expression  of  an  a^sthetical 
principle.  In  the  case  of  two  out  of  the  three 
this  is  generally  acknowledged.  It  is  uni- 
versally felt  that  the  architecture  of  the 
entablature  is  the  expression  of  horizontal 
extension,  that  the  architecture  of  the 
pointed  arch  is  the  expression  of  vertical 
extension.      It    is  generally  acknowledged 


that  the  perfection  of  the  horizontal  idea  is 
to  be  found  in  the  highest  form  of  the  archi- 
tecture of  the  entablature — that  is,  in  the 
architecture  of  old  Greece.  It  is  generally 
acknowledged  that  the  perfection  of  the 
vertical  idea  is  to  be  found  in  the  highest 
form  of  the  architecture  of  the  pointed  arch, 

s  that  is  in  the  Gothic  architecture  of  mediaeval 
Europe.  It  is  not  so  generally  acknowl- 
edged  that  the  intermediate  form  of  con- 

1  struction,  the  round  arch,  has  also  its  lead- 
ing assthetical  idea.  It  is  not  so  generally 
acknowledged  that   there  have  been  times 

;  and  places  in  which  the  round  arch  also  has 

:  produced  a  style,  not  perhaps  approaching 

!  so  nearly  to  ideal  perfection  as  either  of  the 
other  styles,  but   still  coming  near  enough 

!  to  it  to  be  set  alongside  the  other  two  as  an 
independent  and  equal  form  of  art. 

Yet,    if  we    admit  the   entablature,   the 

!  round  arch,  and  the  pointed  arch  to  be  the 

i  three  chief,  and  seemingly  the  three  only 
possible  forms  of  architectural  construction, 

j  it  seems  necessarily  to  follow  that  the  round- 
arched  construction  must  have  its  leading 

I  sesthetical  idea  no  less  than  the  other  two, 
and  that  it  must  be  capable,  no  less  than 
the    other    two,     of    an    ideal    perfection. 

I  Whether  it  has  ever  actually  reached  its 
perfection  or  not,  whether  it  has  ever  come 
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so  near  to  it  as  the  other  two  have,  is  a 
question  which  is  not  now  to  the  point.  It 
will  not  do  to  say  that  there  is  a  perfection 
of  the  arched  style,  but  that  its  perfection 
must  be  looked  for  in  the  architecture  of  the 
pointed  arch,  and  that  the  architecture  of 
the  round  arch  is  an  imperfect  form.  The 
answer  is  plain  ;  the  round  arch  is  construc- 
tively as  good  a  form  of  construction  as  either 
the  entablature  or  the  pointed  arch.  As  a 
mode  of  building-,  it  stands  on  a  perfect 
level  with  them.  Now,  if  we  admit  that  all 
good  and  honest  architecture  consists  in 
finding  appropriate  forms  of  decoration  for 
good  and  honest  forms  of  construction,  it 
would  seem  to  follow  that  every  good  and 
honest  form  of  construction  must  be  capable 
of  finding  some  appropriate  form  of  decora- 
tion, and  of  thereby  reaching  an  ideal  per- 
fection. It  seems,  then,  to  follow  that  the 
architecture  of  the  round  arch  has  a  right 
to  be  looked  on  as  an  independent  form  of 
art  on  a  perfect  level  with  the  architecture 
of  the  entablature  and  the  architecture  of 
the  pointed  arch.  Of  course,  it  does  not 
follow  that  it  has  ever  been  actually  carried 
so  near  to  ideal  perfection  as  either  of  the 
other  styles.  It  is  enough  if  we  allow  that 
it  has,  like  them,  its  leading  idea,  and  that 
it  is  capable  of  an  ideal  perfection,  whether 
it  has  ever  actually  reached  it  or  not. 

Some  of  the  causes  of  the  general  un- 
willingness to  admit  the  claims  of  the  archi- 
tecture of  the  round  arch  to  an  equal  place 
alongside  of  the  other  two  great  forms,  are 
obvious  enough.  First  of  all,  I  am  free  to 
admit  that  the  architecture  of  the  round 
arch  never  has,  as  a  matter  of  fact,  been 
'  carried  so  near  to  perfection  as  both  the 
other  two  forms  have.  There  is  no  round- 
arched  building  so  absolutely  satisfactory  as 
a  work  of  art  as  either  the  best  Grecian  or 
the  best  Gothic  buildings.  In  comparing 
Romanesque  and  Gothic  buildings,  a  much 
greater  share  of  the  charm  of  the  Ro- 
manesque building  belongs  to  its  age  and 
its  historical  associations,  a  niuch  less  share 
to  its  actual  merit  as  a  work  of  art.  I  know 
not  how  others  may  feel,  but  to  my  own 
mind  this  is  proved  by  the  following  test. 
A  modern  Gothic  building,  if  it  be  really  as 
good  as  an  ancient  one,  is  as  satisfactory  as 
an  ancient  one.  But  a  modern  Romanesque 
building  is,  to  my  mind  at  least,  simply  grotes- 
que. The  more  closely  it  reproduces  an 
ancient  building  the  more  grotesque  it  be- 
comes. This,  I  think,  proves  that,  in  the 
case  of  the  Gothic  building,  we   do,  in  the 


strictest  sense,  admire  a  work  of  art,  while 
a  great  part  of  the  charm  of  the  Romanesque 
building  is  derived  from  other  sources. 
But,  if  round-arched  architecture  has  never 
been  actually  carried  so  near  to  perfection 
as  the  other  two  styles,  that  fact  in  no  way 
disproves  its  abstract  capacity  of  reaching 
an  equal  relative  perfection.  Secondly, 
though  I  believe  the  round-arched  style  to 
have  a  leading  idea  equally  with  the  other 
styles,  and  to  have  equally  with  them  an 
appropriate  form  of  decoration,  yet  neither 
the  leading  idea  nor  the  appropriate  form  of 
decoration  is  quite  so  obvious  in  the  case  of 
the  round-arched  style  as  it  is  in  the  case  of 
the  other  two.  There  is  something  nega- 
tive about  all  the  characteristics  of  round- 
arched  architecture.  While  the  leading 
idea  of  the  architecture  of  the  entablature 
is  that  of  horizontal  extension,  while  the 
leading  idea  of  the  architecture  of  the  point- 
ed arch  is  that  of  vertical  extension,  I  take 
the  leading  idea  of  the  round- arched  style 
to  be  that  of  no  extension  either  way,  but  of 
simple  rest  and  immobility.  The  round- 
arched  form  again  has  another  peculiarity. 
No  other  can  so  well  dispense  with  orna- 
ment. Either  a  Grecian  or  a  Gothic  build- 
ing would  be  wholly  intolerable,  if  it  were 
so  utterly  void  of  ornament  as  many  Ro- 
manesque buildings  are  which  are  perfectly 
satisfactory  in  their  own  way.  Indeed,  we 
may  safely  say  that,  the  larger  a  Romanes- 
que building  is,  the  plainer  it  may  be,  per- 
haps ought  to  be.  A  small  chapel  in  that 
style  is  commonly  much  richer  than  a  great 
minster.  What,  too,  is  the  nature  of 
Romanesque  ornament,  when  we  get  any  ? 
It  is  again  something  of  a  negative  kind. 
The  Greek  mouldings  are  of  a  kind  which 
serve  to  strengthen  the  horizontal  lines  sup- 
plied by  the  construction  of  the  building.  t 
The  Gothic  mouldings  are  of  a  kind  which 
serve  to  strengthen  the  vertical  lines  sup- 
plied by  the  construction  of  the  building.  In 
Romanesque  neither  of  these  forms  seems 
appropriate.  Around  arch  moulded  after 
either  the  Grecian  or  the  Gothic  fashion  is 
never  satisfactory.  Either  the  horizontal  or 
the  vertical  idea  is  suggested,  and  each  of 
them  is  inconsistent  with  the  spirit  of 'a 
style  whose  leading  idea  is  pure  rest  and  im- 
mobility. Moulding,  indeed,  in  the  strictest 
sense  of  the  word,  moulding  which  affects 
the  section,  is  really  out  of  place  in  a  Ro- 
manesque building.  The  true  Romanesque 
ideal  leaves  the  orders  of  the  arch  in  their 
natural    square   section,  and    seeks  enrich- 
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ment  by  ornament  on  the  surface,  whether 
by  colored  ornament,  as  in  Italy,  or  by  what 
we  may  call  surface-moulding,  as  in  our  own 
Norman.  At  most  it  attaches  a  heavy  roll 
— a  continuation  of  the  jamb-shaft — to  the 
square  section,  instead  of  carving  the  square 
section  itself  away,  as  in  the  Gothic  S3rstem 
of  mouldings.  In  all  this  we  see  the  nega- 
tive character  of  the  style.  It  has  a  leading 
idea ;  it  has  an  appropriate  form  of  orna- 
ment ;  both  are  capable  of  definition  ;  but 
both  are  perhaps  most  easily  understood  by 
describing  them  as  something  which  is 
neither  Grecian  nor  Gothic.  Again  in  our 
Northern  Eornanesque,  though  there  is  a 
stateliness  and  majesty  above  all  other  styles, 
there  is  seldom  anything  to  be  called  real 
beauty  of  detail,  such  as  we  find  in  Grecian 
on  the  one  side  and  in  Gothic  on  the  other. 
The  truth  is  that  the  time  when  the  round- 
arched  style  came  nearest  to  perfection  in 
the  general  design  of  its  buildings  was  a 
time  when,  in  northern  countries  at  least, 
the  decorative  arts  were  at  a  very  low  ebb. 
An  English  sculptured  capital  of  the  13th 
century  is,  in  its  way,  as  beautiful  as  any- 
thing in  Greek  art.  But  when  a  capital  of 
the  llth  or  the  first  half  of  the  12th  centu- 
ry anywhere  north  of  the  Alps  attempts 
sculpture,  animal  or  vegetable,  the  effect  is 
simply  grotesque.  We  may  apply  the  test 
which  I  before  gave.  A  modern  reproduc- 
tion either  of  a  Corinthian  or  of  an  Early 
Gothic  capital  may  be  fully  as  pleasing  to 
the  eye  as  the  original.  But  a  modern  imi- 
tation of  an  enriched  Norman  or  Lombard 
capital,  with  its  rude  volutes  and  its  strarige- 
ly  disproportioned  men  and  beasts,  is  not 
pleasing,  but  ridiculous.  It  has  not  the 
charm  of  antiquity  and  historical  association 
which  belongs  to  the  original,  and  it  has 
nothing  to  put  in  its  place. 

This  last  difficulty,  strongly  as  it  may  be 
felt  in  most  Northern  and  in  some  Italian 
Eomanesque,  would  prove  nothing  at  Eisa 
or  Lucca.  But  all  that  I  have  been  saying 
as  to  the  negative  character  of  Eomanesque 
architecture,  and  as  to  the  lack  of  beauty  in 
its  detail,  would  of  itself  go  far  to  account 
for  the  unwillingness  so  commonly  felt  to 
see  in  the  architecture  of  the  round  arch  an 
independent  style,  ranking  alongside  of  the 
architecture  of  the  entablature  and  that  of 
the  pointed  arch.  But  I  think  that  we  have 
not  yet  got  to  the  root  of  the  matter.  To 
admit  the  round-arched  style  as  an  inde- 
pendent form  of  equal  rank  with  the  other 
two,  involves  giving  up  a  whole  train  of  no- 


tions about  ancient  and  modern,  Classical, 
and  the  like.  If  we  are  to  admit  the 
claims  of  the  round-arched  stylo  as  I  have 
put  them,  we  must  altogether  ^,vipe  out  tbe 
hard  and  fast  line  between  ancient  and  mod- 
ern. "We  must  admit  the  continuous  ex- 
istence of  a  style  whose  earlier  examples 
were  the  work  of  "Classical"  Eomans, 
while  its  latter  examples  were  the  work  of 
Barbarians,  Goths,  and  the  like.  It  would 
be  hard  to  make  many  people  believe  that  a 
really  wider  line  ought  to  be  drawn  between 
two  forms  of  Mediaeval  work  than  between 
one  form  of  Mediseval  work  and  one  form  of 
Classical.  It  would  be  harder  still  to  make 
them  believe  that  one  form  of  Classical 
architecture  ought  to  be  looked  on  as  a 
mere  imperfect  transition  to  a  style  which 
was  brought  nearer  to  perfection  at  the 
hands  of  Mediaeval  barbarians.  To  those 
who  take  a  wider  view  of  general  bistory 
there  is  no  difficulty  in  all  this.  Sweep 
away  the  distinction  of  "ancient,"  and 
"  modern  " — cease  to  look  on  things  "  Classi- 
cal "  as  something  all  by  themselves,  hedg- 
ed in  from  everything  belonging  to  other 
times  and  nations — learn  to  look  on  history 
as  a  whole,  and  the  history  of  Greece  or  of 
Eome  simply  as  a  part  of  that  whole — and 
there  will  no  longer  seem  anything  strange 
or  incongruous  in  holding  that,  in  architec- 
ture, in  language,  or  in  anything  else,  the 
function  of  the  first  century  on  either  side 
of  our  sera  was  simply  to  pave  the  way  for 
the  eleventh  or  twelfth  century  after  it. 
Once  grasp  the  true  life  and  spirit  of  the 
long  Imperial  history,  and  there  will  seem 
nothing  wonderful  in  fixing  on  the  third 
century,  in  purely  Classical  eyes  a  time  of 
decay  and  degradation,,  as  a  time  which, 
alike  in  religion,  in  law,  and  in  art,  stands 
out  as  one  of  the  great  creative  ages  of  the 
world. 

The  essence  of  good  architecture  of  any 
kind  is,  that  its  constructive  system  should 
be  put  boldly  forward,  that  its  decorative 
system  should  be  such  as  in  no  way  con- 
ceals or  masks  the  construction,  but  makes 
the  constructive  features  themselves  orna- 
mental. Both  in  Grecian  and  in  Gothic 
architecture  this  rule  is  thoroughly  and 
consistently  carried  out.  In  a  Grecian 
building  the  entablature  is  the  main  feature 
of  the  construction,  and  it  proclaims  itself  as 
such.  In  a  Gothic  building  the  pointed 
arch  is  the  main  feature  of  the  construction, 
and  it  proclaims  itself  as  such.  In  neither 
case  is  there  any  attempt  at  concealment  or 
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disguise  of  any  kind.  But  how  stands  the 
case  with  Classical  Roman  architecture  ? 
Here  we  have  a  style  in  which  the  main 
feature  of  the  construction  is  not  made  the 
main  feature  of  the  decoration.  Here  we 
have  a  style  in  which  the  great  constructive 
features  seem,  as  it  were,  ashamed  of  them- 
selves, where  they  try  to  hide  themselves 
behind  a  mask  borrowed  from  a  different 
system  of  construction.  The  architecture  of 
Classical  Rome  is,  like  the  literature  of 
Classical  Rome,  imitative.  Italy,  the  land 
to  which  the  world  practically  owes  the 
great  discovery  of  the  arched  construction, 
may  very  likely  have  had  a  native  architec- 
ture, as  well  as  a  native  literature,  in  the 
days  of  the  Kings  and  the  early  Consuls. 
But  the  architecture  of  Classical  Eome  was 
a  mere  imitation  of  that  of  Grece.  It  was 
indeed  but  an  imperfect  imitation.  The 
Roman  architects  were  not  so  besotted  as 
to  cast  away  their  own  great  invention  of 
the  arch,  and  to  fall  back  on  the  less  flexible, 
less  diversified,  constructive  system  of  the 
Greek  entablature.  But  just  as  they  spread 
a  varnish  of  Greek  forms,  Greek  metres, 
and  what  not,  over  their  native  Italian 
literature,  so,  in  like  sort,  they  spread  a 
varnish  of  Greek  decoration  over  their 
native  Italian  construction.  Buildings 
whose  real  construction  was  that  of  piers 
and  arches,  were  masked  with  a  decorative 
imitation  of  the  columns  and  entablature  of 
a  Greek  portico.  But  as  it  was  in  other 
things,  so  it  was  also  in  architecture.  The 
true  Roman  spirit  was  masked  only,  and 
not  destroyed,  by  the  fashion  of  Greek 
imitation.  As  that  spirit  shows  itself  in 
the  satirists,  the  historians,  and  even  here 
and  there  in  the  poets  themselves,  as  it 
stands  out  more  clearly  still  in  the  mighty 
fabric  of  the  Roman  law,  so  there  are 
classes  of  Roman  building  in  which  the 
national  arched  construction  stands  out, 
masked  but  feebly,  or  not  at  all,  by  the 
varnish  of  Greek  decoration.  In  an  aque- 
duct or  an  amphiteathre,  Greek  features, 
columns  and  their  entablatures,  are  either 
absent  altogether  or  are  something  so 
secondary  as  to  have  but  little  share  in  the 
general  effect.  In  buildings  of  this  kind, 
the  round  arch,  the  main  constructive 
feature,  does  really  stand  out  as  the  feature 
which  gives  the  building  its  main  archi- 
tectural character.  And,  as  Mr  Retit  re- 
marked long  ago,  the  step  from  buildings 
of  this  kind  to  some  of  the  plainer  forms  of 
the  later  Romanesque  is  very  slight  indeed. 


Some  of  the  great  German  churches,  such, 
for  instance,  as  the  three  great  Rhenish 
minsters  of  Mainz,  Worms,  and  Speier, 
wherejthe  interior  elevations  consist  of  square 
piers  supporting  perfectly  unadorned  round 
arches,  have  surely  a  great  deal  in  common 
with  a  Roman  aqueduct.  In  both  we  see 
the  round-arched  construction  standing 
boldly  out  in  its  most  undisguised  form. 
And  buildings  of  this  kind,  whether  aque- 
ducts, amphitheatres,  or  churches,  which 
rely  almost  wholly  on  their  unadorned  con- 
structive elements,  may  undoubtedly  be 
grand  and  striking  in  the  highest  degree. 
Still,  a  style  of  architecture  would  be  nar- 
rowly limited  in  its  resources  if  it  were  for- 
ever confined  to  such  elements  as  these. 
The  massive,  unadorned,  square  pier  was 
suited  for  many  purposes  ;  but  there  were 
also  many  purposes  which  asked  for  some- 
thing more  graceful,  something  which  better 
offered  itself  for  enrichment.  There  was 
one  feature  of  the  Greek  constructive  system 
which  the  Roman  architect  could  do  some- 
thing more  than  blindly  imitate.  There 
was  one  feature  which  he  could  really 
adopt,  for  which  he  could  find  a  place  in 
his  own  system  as  appropriate  as  that  which 
it  had  held  in  the  system  to  which  it  be- 
longed by  birth.  The  Grecian  column  was 
freely  employed  by  the  Roman  architects, 
but  for  a  long  time,  in  truth  during  the 
whole  of  the  purely  Classical  period,  it  was 
used  only  in  a  feeble,  hesitating,  and  incon- 
sistent way.  Roman  architects  built  por- 
ticoes and  colonnades  after  purely  Grecian 
models,  without  bringing  in  any  feature  of 
the  national  constructive  system  at  all.  Or 
columns  and  entablatures  after  the  Grecian 
model  were  attached  as  a  mere  decorative 
mask  to  buildings  really  built  according  to 
the  national  mode  of  construction.  At  last, 
in  days  which  we  are  taught  to  look  upon 
as  days  of  decline,  in  days  which  are  looked 
upon  as  days  of  degradation  both  for  litera- 
ture and  for  art,  the  great  step  was  taken 
which  was  to  give  Roman  architecture  an 
harmonious  and  consistent  form,  the  step 
which  was  to  make  its  chief  decorative 
feature  become  also  the  chief  feature  of  its 
construction.  In  the  Greek  system  the 
column  had  boldly  and  honestly  supported 
the  entablature.  In  the  Roman  system  of 
construction,  the  round  arch  answered  to  the 
entablature.  "What,  then,  was  needed  to 
make  the  column  a  real  feature  in  the  Ro- 
man system  was  to  make  it  discharge  in  the 
Roman  construction  a  duty  strictly  analogous 
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to  that  which  it  had  discharged  in  the  Greek 
construction.  In  the  Greek  system  the  entab- 
lature had  rested  on  the  capitals  of  the 
columns ;  what  was  now  needed  was  to  make 
the  round  arch  rest  on  the  capitals  of  the 
columns  also.  This  simple  change  at  ODce 
gave  Roman  architecture  a  form  both  con- 
sistent in  construction  and  graceful  in  deco- 
ration. Next  to  the  introduction  of  the 
arch  itself,  no  architectural  revolution  has 
been  so  great  and  so  lasting  in  its  results. 
The  man  who  first  boldly  set  his  arch  to  rest 
on  the  capitals  of  his  columns  made  a  change 
which  led  the  way  to  all  future  develop- 
ments of  t  arched  architecture,  round  and 
pointed  alike. 

The  first  building,  as  far  as  we  know,  in 
which  this  great  change  was  made  was  the 
palace  of  Diocletian  at  Spalato.  No  time, 
no  place,  no  author,  could  be  more  fitting 
for  such  a  great  architectural  revolution. 
The  change  was  not  made  in  the  local 
Eome,  but  on  the  other  side  of  the  Hadri- 
atic,  in  a  land  which  the  Eomans  of  an 
earlier  time  had  looked  on  as  a  distant  and 
barbarous  province.  But  in  those  days  the 
local  Eome  had  ceased  to  be  the  only  Eome. 
Eome  was  now  wherever  the  Eoman  law 
and  the  Eoman  language  had  spread  them- 
selves, wherever  men  submitted  to  the  rule 
of  the  Eoman  Caesar.  And  no  corner  of 
the  Empire  was  then  more  truly  Eoman 
than  the  Dalmatian  land  which  sent  forth 
that  long  succession  of  wise  and  valiant 
Emperors,  Eoman  in  every  nobler  sense  of 
the  word,  though  the  local  Eome  was 
neither  their  birthplace  nor  their  dwelling- 
place.  And  it  was  well  that  the  greatest 
of  them. all,  the  founder  of  the  Empire  in 
its  later  form,  should  also  be  the  man  at 
whose  bidding  the  first  consistent  Eoman 
building  rose.  The  keen  eye  of  Diocletian 
had  at  last  seen  that  the  Eoman  Com- 
monwealth was  at  an  end  ;  he  grasped  the 
fact  that  the  Empire  was  a  monarchy,  and 
grasping  the  fact,  he  had  not  shrunk 
from  putting  it  prominently  forward  before 
the  eyes  of  men.  The  Illyrian  peasant,  in  the 
days  of  his  power,  had  been  the  first  to  deck 
himself  with  the  outward  pomp  of  royalty, 
when  so  to  do  was  simply  to  give  an  out- 
ward expression  to  what  for  many  genera- 
tions had  been  the  greatest  of  practical 
facts.  The  same  man,  in  the  days  of  his 
voluntary  retirement,  carried  out  a  change 
in  Eoman  art  exactly  analogous  to  the 
change  which  he  had  already  carried  out  in 
the  Eoman  polity.     Alike   in   polity  and  in 


art,  he  swept  away  traditions  which  had 
become  cumbrous  and  useless,  and  let  things 
stand  forth  as  they  really  were.  Alike  in 
recasting  the  constitution  of  his  Empire  and 
in  designing  the  hall  of  his  palace,  Diocletian 
made  the  real  construction  of  the  fabric 
stand  forth  undisguisedly  before  the  eyes  of 
men.  Alike  in  his  political  and  in  his  archi- 
tectural creation,  he  put  the  crown  to  the 
work  towards  which  his  predecessors  had 
been  feeling  their  way  for  three  hundred 
years. 

The  palace  of  Spalato  I  have  never  seen 
with  my  own  eyes,  but  the  views  of  it  given 
by  Sir  Gardner  Wilkinson  are  quite  enough 
to  set  its  main  features  clearly  before  us. 
The  new  invention  is  not,  indeed,  consist- 
ently carried  out  throughout  the  whole 
building ;  that  would  have  been  too  much 
to  look  for  from  any  architect  of  any  age  or 
country.  But  it  is  applied  to  the  long  colon- 
nades of  the  great  hall,  and  noble  ranges 
they  are.  A  consistent  round-arched  build- 
ing has  at  last  been  called  into  being,  a 
building  of  a  less  massive  and  a  more  orna- 
mental type  than  the  aqueduct,  or  even  than 
the  amphitheatre.  As  the  first  consistent 
arched  interior,  the  hall  of  Diocletian's  palace 
contains  in  it  the  germs  of  all  later  architec- 
ture ;  the  germs  not  only  of  Eavenna  and 
Eisa,  but  of  Caen  and  Durham  ;  not  only  of 
Caen  and  Durham,  but  of  Westminster  and 
Amiens.  As  such,  there  is  no  more  mem- 
orable building  upon  earth.  But  it  is  in  no 
way  wonderful  that  the  great  improvement 
which  it  offered  was  not  at  once  universally 
accepted.  Every  architectural  development 
has  to  go  through  a  stage  of  transition,  a 
stage  when  the  new  principle  and  the  old 
are  striving  for  the  mastery,  and  when  the 
two  are  mingled  together  in  various  degrees 
and  proportions.  The  architect  of  Spalato 
showed  that  columns  could  be  used  as  the 
immediate  supports  of  arches  ;  he  did  not 
at  once  persuade  the  whole  world  to  use 
columns  as  the  immediate  supports  of 
arches.  Men  had  been  so  long  used  to  look 
upon  the  entablature  as  the  right  thing  to 
rest  upon  the  capitals  of  the  columns,  that 
they  could  not  all  at  once  bring  themselves 
to  let  the  arch  come  straight  down  upon  the 
capital  itself.  It  seemed  as  if  something 
must  be  done,  as  if  some  change  must  be 
made,  to  adapt  the  capital  to  its  new  duties. 
Something  must  be  thrust  in  between  the 
capital  and  the  arch ;  some  fragment,  as  it 
were,  of  the  entablature,  must  come  between 
the  abacus  of  the  capital  and  the  impost  of 
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the  arch.  Or  perhaps  the  abacus  itself  must 
he  enlarged  into  something  like  a  piece  of 
entablature,  or  the  whole  capital  must  be 
drawn  out  to  an  unusual  size  and  height,  in 
order  to  seem  more  worthy  of  its  new  prom- 
inence, and  be  able  to  bear  the  weight  that 
was  laid  upon  it.  For  it  is  manifest,  and  it 
is  one  of  the  great  advantages  of  the  arched 
construction,  that  the  columns,  or  other 
supports  of  a  range  of  arches,  may  be  placed 
at  much  greater  distances  from  each  other 
than  the  columns  of  a  colonnade  supporting 
an  entablature.  It  follows  that  each  column 
and  its  capital  assumes  in  the  arched  build- 
ing a  greater  importance  ;  it  has,  so  to  speak, 
a  more  distinct  separate  existence  than  be- 
longs to  the  columns  of  a  colonnade.  In 
the  later  Bonian  architecture  we  therefore 
find  all  kinds  of  shifts  to  avoid  that  imme- 
diate juxtaposition  of  the  arch  with  capitals 
of  the  hitherto  accustomed  forms  on  which 
the  architect  of  Spalato  had  already  ven- 
tured. In  the  basilicas  of  Eavenna  I  do 
not  think  that  there  is  a  single  case  where 
the  arch  comes  down  immediately  upon  an 
Ionic  or  Corinthian  capital. 

Those  wonderful  works  of  Western  Em- 
perors, of  Gothic  Kings,  and  of  Eastern 
Exarchs,  were  reared  out  of  the  spoils  of 
earlier  buildings.  Columns  and  capitals 
were  brought  from  various  quarters  ;  their 
proportions  did  not  always  exactly  tally  with 
one  another  ;  a  column  did  not  always  agree 
with  the  column  which  stood  next  to  it,  or 
with  the  capital  which  its  own  shafts  sup- 
ported. But,  among  all  the  shifts  to  which 
.the  architects  of  these  churches  were  driven 
in  order  to  keep  something  like  order  among 
the  columns  which  were  thus  strangely 
brought  together,  in  every  case,  whatever 
may  be  the  form  of  the  capital,  a  member 
is  thrust  in  between  the  capital  itself  and 
the  arch.  For  such  a  member  there  is  no 
real  need,  either  constructive  or  decorative  ; 
it  simply  shows  how  men  clave  to  the  idea 
that  the  proper  use  of  a  column  and  its 
capital  was  to  support  something  like  the 
horizontal  line  of  the  entablature.  The  local 
use  of  Eavenna  preferred  the  employment 
of  capitals  of  the  received  Classical  shapes 
with  this  needless  member  interposed — a 
member  which  wants  a  name,  and  to  which 
that  of  the  stilt  has  sometimes  been  given.* 


*  It  is  worth  noticing  that  something  very  like  the  Raven- 

nese  stilt  is  to  be  found  in  the  ancient  Egyptian  architecture  in 

the  form  of  a  member,  the  de,  interposed  between  the  capital 

and  the  entablature.     In  some  forms  of  Saracenic  architecture 

t  his  stilt  becomes  a  most  important  feature. 


At  Constantinople,  on  the  other  hand — I 
speak  here  not  from  personal  knowledge, 
but  from  the  Chevalier  Fossati's  splendid 
drawings  of  S.  Sophia — though  the  stilt  is 
not  unknown,  yet  the  tendency  seems  rather 
to  have  been  towards  devising  new  forms  of 
the  capital  itself.  Some  of  them,  with  a 
different  proportion,  still  keep  something 
like  the  general  idea  of  a  Classical  capital, 
while  others,  especially  the  well-known  By- 
zantine basket  capital,  altogether  depart 
from  Classical  models.  At  Eavenna  no 
difference  can  be  discerned  between  the 
works  of  the  Eoman  Blacidia  and  those  of 
the  Gothic  Theodoric.  The  wise  barbarian 
who  preserved  for  the  conquered  Bonians 
their  laws,  their  language,  and  their*  build- 
ings, followed  their  models  also  in  his  own 
original  works.  But  with  the  recovery  of 
Italy  under  Justinian  new  forms  came  in. 
In  the  Church  of  St.  Vital,  begun  during 
the  Gothic  dominion  but  not  finished  tiil 
after  the  conquest  by  Belisarius,  the  new 
Byzantine  forms  of  capital  are  seen.  But 
the  local  custom  did  not  wholly  die  out,  and 
the  stilt  appears  in  S.  Yital  also,  often 
taking  the  form  of  what  we  must  call  a 
double  capital,  one  being  placed  over  the 
other.  The  Byzantine  forms,  in  their  later 
development,  are  found  also  among  the  vast 
stores  of  capitals,  brought  and  copied  from 
all  possible  quarters,  which  are  to  be  seen 
in  the  portico  and  the  galleries  of  S.  Mark's 
at  Venice.  But  for  true  columnar  arcades, 
like  those  of  Eavenna,  we  must  leap  over 
several  centuries,  till  we  come  to  the  works 
of  the  11th  and  12th  centuries  at  Eisa, 
Lucca,  Murano,  and  Torcello.  Here,  with 
the  changes  of  detail  which  are  natural  after 
a  space  of  800  years,  we  come  back  to  the 
same  state  of  things  which  we  saw  at 
Spalato.  The  arch  again  rests  immediately 
on  the  capital  of  the  column,  and  the  columns 
and  their  capitals  are  either  Classical  re- 
mains used  up  again,  or  else  they  are  as 
nearly  imitated  from  Classical  models  as  the 
art  of  those  ages  would  allow. 

It  certainly  seems  to  me  that,  in  these 
great  Italian  churches,  we  have  before  us  a 
distinct  round-arched  style,  an  independent 
form  of  architecture  worthy  to  rank  side  by 
side  either  with  the  architecture  of  the  en- 
tablature or  with  the  architecture  of  the 
pointed  arch.  One  of  the  three  great  forms 
of  construction,  a  form  constructively  as 
good  as  either  of  the  other  two,  is  here  pro- 
vided with  a  good  and  consistent  decorative 
system.  It  is  hard  to  see  what  more  is  want- 
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ed.  It  is  hardly  possible  to  conceive  any 
architectural  forms  more  perfect  and  stately 
than  the  arcades  of  the  nave  of  Pisa.  The 
decorative  forms  are  consistent  and  elegant; 
in  some,  indeed,  of  the  later  buildings  of 
the  style,  especially  at  Lucca,  they  put  on 
an  almost  extravagant  richness  of  detail,  but 
yet  without  departing  from  the  purity  of 
the  round-arched  ideal.  But  if  we  admit 
that  the  columnar  form  of  the  Italian  Ro- 
manesque is  a  pure  and  genuine  style,  that 
it  is  a  legitimate  decorative  carrying  out  of 
one  of  the  great  types  of  architectural  con- 
struction, it  follows  that  the  architecture  of 
Classical  Rome  must  be  looked  on  as  some- 
thing imperfect  and  transitional.  The  Ro- 
manesque of  Pisa  and  Lucca  is  the  Classical 
Roman  set  free  from  the  incongruous  ele- 
ments which  clung  about  it,  set  free  from 
all  traces  of  the  days  when  Roman  archi- 
tecture  was    a   mere  imitation  of  Grecian 


form.  The  one  Grecian  feature  which  could 
be  really  adapted  to  the  Roman  principle  of 
construction  has  been  adopted  and  natural- 
ized, and  it  has  been  proved  to  be  capable 
of  doing  as  good  service  in  the  new  system 
as  it  did  in  the  old.  If  here  and  there 
traces  of  another  system  of  decoration  may 
be  found  hanging  about  the  buildings  of 
this  style,  they  are  in  positions  so  unimpor- 
tant as  to  be  of  little  consequence  in  the 
general  effect.  They  in  no  way  interfere 
with  the  claim  of  the  columnar  Romanesque 
to  be  looked  on  as  a  pure  and  independent 
style,  as  the  consistent  carrying  out  of  an 
architectural  conception  which  the  Classical 
Roman  attempted  only  very  imperfectly. 
Paradoxical,  then,  as  the  position  may  sound, 
I  think  that  I  have  made  out  my  case,  and 
that  the  Classical  Roman  is  essentially  an 
imperfect  style,  a  mere  transition  to  the 
more  perfect  Romanesque. 
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Although  much  has  been  said  and  writ- 
ten on  the  sewage  question,  by  public  offi- 
cials, and  private  individuals,  it  is  some- 
what remarkable  that  in  no  instance,  so 
far  as  we  are  aware,  has  any  chemical 
analysis  been  published  of  the  sewage  of 
any  town  in  the  United  Kingdom,  carried 
on  for  a  longer  period  than  about  two  days 
consecutively.  It  is  evidently  impossible, 
on  such  limited  premises,  that  anything 
like  reliable  data  could  be  arrived  at,  on 
which  to  form  definite  conclusions.  Despite 
these  defects,  however,  royal  commission- 
ers on  the  one  hand,  and  public  companies 
on  the  other,  have  set  forth  a  variety  of 
schemes,  all  proving  to  their  satisfaction 
the  easy  solution  of  the  question,  although 
such  solution  is  as  far  as  ever  from  being 
arrived  at.  But  to  this  it  may  be  added 
that  there  is  scarcely  a  town  in  the  Unit- 
ed Kingdom — if  indeed  there  be  one  at  all 
— which  is  now  dealing  with  the  whole  of 
its  sewage  in  a  manner  efficiently  carrying 
out  all  of  the  conditions  required  by  san- 
itary considerations,  independently  of  those 
of  profit  or  loss. 

In  the  absence  of  such  information  as  that 
to  which  we  have  referred  above,  the  follow- 
ing notes  on  the  varying  and  average  quality 
and  quantity  of  sewage  are  offered  to  those 
interested  in  the  important  question  of  its 


utilization.  It  is  hoped  that,  as  the  obser- 
vations and  analyses  have  been  conducted 
night  and  day,  consecutively  for  two  years, 
in  places  showing  every  possible  extreme 
of  condition,  in  a  locality  entirely  free  from 
all  manufacturing  operations,  and  in  two 
of  the  largest  manufacturing  towns  of  the 
kingdom,  they  may  put  the  sewage  ques- 
tion in  a  very  different  light  to  that  in 
which  it  has  been  hitherto  placed.  The 
chief  localities  were  Leamington,  a  seat  of 
fashion  and  high  living ;  with  Birmingham 
and  Leeds,  as  having  an  entirely  opposite 
social  character.  On  certain  occasions,  up- 
wards of  two  hundred  experiments  have 
been  tried  in  the  twenty-four  hours,  by 
the  writer  and  his  assistants  in  the  labora- 
tory ;  and  on  several  occasions  he  has  con- 
tinued the  observations  for  a  period  of 
eighty  hours,  personally,  without  intermis- 
sion. 

The  following  results  accrued,  and  were 
substantiated  by  daily,  weekly,  and  month- 
ly reports. 

In  any  town,  free  from  the  abnormal  cir- 
cumstances of  manufactures,  the  sewage, 
apart  from  rainfall,  presents  constant  fea- 
tures. That  of  Sunday  is  invariably  the 
weakest  in  all  respects.  Towards  mid-day 
on  Monday  it  increases  in  strength,  so  far 
as  matters  in  solution  are  concerned :  arriv- 
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ing  at  a  maximum  at  about  11  to  1  o'clock 
on  the  Tuesday  of  each  week.  It  thus 
remains  pretty  constant  until  six  o'clock 
on  Saturday  evening,  when  its  strength 
began  to  abate,  over  Sunday,  as  above  men- 
tioned. 

"Washing  days"  are  especially  notable. 
Tuesdays  and  Wednesdays  present  a  large 
amount  of  fatty  matter,  causing  soapy  bub- 
bles on  the  sewage,  and  the  presence  of 
much  alkali  (soda  chiefly).  This  fact,  which 
is  indubitable,  presents  great  difficulties  to 
all  the  chemical  methods  that  have  been 
proposed  to  utilize  sewage,  as  all  the  chem- 
ical conditions  are  affected.  This  is  espe- 
cially noticeable  when  either  the  A.  B.  C. 
(Native  Guano)  or  Dr.  Anderson's  process 
is  employed.  In  each  an  acid,  sulphate  of 
alumina,  is  used.  The  excess  of  alkali  is 
attacked  by  the  sulphuric  acid  in  that  salt, 
while  the  stearine  of  the  soap  is  set  free,  as 
a  fatty  matter  floating  on  the  surface  of  the 
effluent  water,  but  blackened  by  the  sus- 
pended filth  in  the  sewage.  The  sewage  of 
Leeds  shows  these  results  chiefly  on  Wed- 
nesdays and  Thursdays,  those  being  the 
"clothes"  and  "house  washing-days"  in 
that  city.  Birmingham  shows  some  singu- 
lar peculiarities  which  will  be  subsequently 
noticed. 

In  Leeds,  especially,  the  circumstances 
of  manufactures  greatly  interfere  with  daily 
results,  apart  from  washing-days,  which 
are  so  definitely  marked.  On  certain  days, 
but  notably  Friday  and  Saturday,  and  less 
frequently  on  Tuesday,  the  dye-becks,  or 
vats,  are  emptied,  and  consequently  the 
sewage  becomes  either  brown  or  black  ac- 
cording to  the  proportions  of  various  dye- 
stuffs  thrown  into  it.  Added  to  this,  in  its 
course  to  Knostrop,  where  it  enters  the 
river  Aire,  a  large  percolation  of  a  solution 
of  sulphate  of  iron,  from  the  adjacent  soil, 
interferes  chemically  with  the  character  of 
the  sewage,  not  only  in  regard  to  its  exter- 
nal appearance,  but  also  in  respect  to  its 
■chemical  nature,  much  of  the  animal  organ- 
ic substances  being  precipitated  insoluble. 
At  Birmingham  this  maybe  specially  noted 
at  the  sewage  works  near  Saltley,  at  present 
carried  on  by  the  corporation.  At  about 
11  to  12  in  the  forenoon  the  "pickle"  con- 
taining sulphuric  acid  and  iron,  is  sent  into 
the  sewage,  as  a  waste  from  cleaning  metal- 
lic articles  incident  to  the  manufactures  of 
the  town.  Suddenly  the  brownish  black 
appearance  of  the  sewage  is  changed  to  an 
orange  red.     This  is  owing:  to  the  alkali  of 


the  sewage  decomposing  the  sulphate  of 
iron,  setting  free  the  latter  as  a  hydrated 
oxide,  which,  coming  into  contact  with  the 
oxygen  of  the  air,  produces  the  sesquioxide 
of  iron — hence  the  red  appearance  just  re- 
ferred to. 

As  a  rule,  sulphuretted  hydrogen  is  not 
present  in  free  running  seicage,  although 
the  popular,  and  even  scientific  opinion  is 
exactly  the  reverse.  It  was  never  detected, 
night  or  day,  during  fifteen  months  at 
Leamington  except  on  two  occasions,  name- 
ly, at  about  2  a.  m.  on  two  successive  Satur- 
days. This  extraordinary  circumstance  was 
cleared  up  in  a  manner  that  need  not  here 
be  explained,  except  on  the  ground  of  pure 
"  accident."  The  same  remark  applies  to 
Leeds. 

The  presence  of  sulphuretted  hydrogen 
may  in  all  cases  be  taken  to  indicate  an  in- 
termittent flow,  in  some  parts  of  the  sewers, 
arising  from  some  local  deposit.  There  the 
sewage  will  remain,  and,  decomposing,  pro- 
duce that  gas.  Its  presence,  therefore,  indi- 
cates defective  sewers.  At  Coventry  and 
Halifax  we  have  constantly  detected  it ;  and 
also  in  a  lesser  degree  at  Nuneaton  and 
Bradford  (Yorkshire). 

The  value  of  the  sewage  in  a  commer- 
cial point  of  view  will  depend  on  the  num- 
ber of  water-closets,  the  amount  of  water 
supply,  and  the  social  habits  of  the  people, 
of  course  setting  aside  the  question  of  rain- 
fall, which  we  have  yet  considered  as  en- 
tirely unnoticed.  Thus,  from  lengthened 
experience,  we  consider  that  if  the  sewage 
of  Leeds  and  Birmingham  were  valued  at 
£1  sterling,  that  of  London  would  be  worth 
£3  and  that  of  Leamington  about  £10  for 
any  specified  quantity  in  ratio.  This  result 
has  been  arrived  at  by  actual  trial  of  manu- 
rial  properties  in  the  field,  and  very  nearly 
agrees  with  the  relative  proportion  of  closet 
produce  and  water  supply.  Leeds  has  a 
great  water  supply  and  few  closets  ;  while 
Leamington  has  small  water  supply  and  a 
large  proportion  of  closets  in  relation  to  the 
population. 

An  experienced  eye  may  lead  to  a  judg- 
ment of  the  manurial  value  of  sewage  with  an 
accuracy  scarcely  to  be  expected,  independ- 
ent of  chemical  analysis.  Avoiding  the 
abnormal  conditions  of  the  sewage  just 
referred  to  as  arising  from  "washing-days," 
it  will  be  found  that  the  richer  the  sewage 
the  longer  will  it  retain,  on  its  surface,  bub- 
les  caused  by  shaking  it  up  in  a  glass 
vessel.     Even  the  action  of  the  wind  on  its 
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surface  is  an  indication.  If  the  edges  of  age  is  poor.  These  facts  afford  a  rough  hut 
the  ripples  are  round,  the  sewage  is  rich  in  almost  accurate  indication  of  sewage  for  all 
organic  matter ;  if  they  be  sharp  the  sew-    purposes  of  utilization. 


ON  THE  ECONOMY  SHOWN  IN  EOMAN  CONSTRUCTION. 

From  the  "  Gazettee  des  Architectes "  through  the  "  Building  News." 


We  are  too  ready  to  look  upon  the  Ro- 
mans as  a  people  who,  possessed  of  immense 
wealth,  were  not  obliged  to  pay  particular 
attention  to  the  means  by  which  they  ac- 
complished their  ends,  and  who  could  afford 
without  scruple  to  dispense  with  those  ex- 
pedients upon  which  we,  from  the  insuffi- 
ciency of  our  resources,  have  to  rely.  The 
passion  for  grand  effects  was  not  indeed  en- 
tirely absent  from  any  of  their  undertak- 
ings, but  the  genius  of  the  Romans  knew 
how  to  reconcile  vast  conceptions  with  facile 
means  by  which  they  might  be  carried  out ; 
and  the  more  we  study  almost  any  of  their 
remaining  monuments,  the  more  do  we  find 
artifices  abounding  which  tend,  if  not  to  re- 
duce hand  labor,  at  least  to  simplify  it. 
While  architects  in  their  conceptions  aimed 
at  once  at  a  majestic  effect  and  a  durability 
worthy  of  the  power  of  the  Roman  people, 
an  evident  regard  to  rigorous  economy 
guided  them  in  the  execution  of  every  part ; 
they  always  aspired  to  realize,  by  the  use  of 
methods  at  once  easy  and  simple,  the  double 
merit  of  perfect  solidity  and  incomparable 
grandeur.  The  dominant  idea  which  ex- 
plains the  practical  construction  of  their 
architecture  w  is  to  minimise  the  use  of 
temporary  staging  (or  scaffolding),  to  keep 
down  as  much  as  possible  the  cost  of  the 
centring  of  their  vaults,  and  it  is  by  the 
study  of  their  concrete  vaults  that  this  idea 
can  be  put  in  the  clearest  light. 

The  name  "  vault  "  seems  to  indicate  a 
construction,  the  joints  of  which  range  to  a 
common  centre.  This,  however,  was  not 
the  method  adopted  in  the  Roman  vaults 
formed  of  rubble  masonry.  The  courses 
composing  the  body  of  such  a  vault  keep, 
from  the  springing  to  the  crown,  the  most 
exact  horizontality  ;  the  sight  of  these 
courses,  with  clearly  defined  edges  in  the 
rents  and  fissures  of  a  pile  of  ruins,  recalls 
to  the  mind,  almost  involuntarily,  the  level 
lines  which  are  sometimes  drawn  with  such 
perfect  exactness  in  sections  of  stratified 
geological  formations.  A  vault  was  raised 
like  an  embankment,  with  alternate  courses 
■of  stones  and  mortar,  and   the  entire  diffi- 


culty lay  in  supporting  this  mass  of  ma- 
terials in  space  during  the  setting  of  the 
mortar.  This  difficulty  was  increased  from 
another  cause ;  since  the  vault  owed  its 
stability  only  to  its  monolithic  structure,  the 
least  settlement  of  the  centring,  leaving 
these  badly-consolidated  masses  of  masonry 
without  due  bearing,  exposed  them  to  dis- 
astrous ruptures. 

The  following  was  the  way  in  which  the 
Romans  arrived  at  a  solution  of  the  delicate 
question :  instead  of  making  the  whole 
mass  of  their  vaults  bear  directly  on  the 
temporary  centring,  they  interposed  between 
it  and  the  vault  an  intermediate  course  or 
layer  of  brick  (or  rather  tile).  Sometimes  a 
network  of  tile  of  large  mesh,  a  sort  of 
masonic  open  work  of  extreme  lightness,  is 
laid  over  the  wooden  centres,  and  takes  off 
from  them  the  weight  of  the  vault  proper ; 
sometimes  the  temporary  centring  is  cover- 
ed over  its  entire  surface  with  a  layer  of 
bricks  laid  flat.  In  either  case  it  was  suffi- 
cient, instead  of  making  the  wooden  cen- 
tring strong  enough  to  carry  the  bulky  solid 
of  the  vault,  to  give  it  the  necessary  stiff- 
ness to  support  a  skeleton,  by  its  nature 
light,  and  upon  which  was  built  the  solid 
covering.  Doubled,  in  fact,  as  the  centring 
was  by  this  layer  of  bricks,  which  both 
covered  and  protected  it,  it  was  sheltered 
from  all  destructive  action,  and  while  it 
gave  its  form  to  the  mass  above,  did  not 
support  its  weight.  When  once  laid,  this 
tile  shell  became  the  true  centre  of  the 
vault,  a  centre  essentially  durable,  which  was 
embodied  in  the  constructive  mass,  and 
conduced,  in  the  same  was  as  the  masonry 
itself,  to  the  solidity  and  preservation  of  the 
work.  This  second  centring  of  tile  cost, 
indeed,  more  than  the  equivalent  bulk  of 
the  rubble  or  concrete  the  place  of  which 
it  takes,  but  this  increase  of  expense  will 
appear  quite  insignificant  if  we  compare  it 
with  the  saving  which  thereby  accrued  in  the 
timber — and  besides  this,  the  actual  increase 
was  but  of  very  small  amount.  The  ma- 
terials of  which  the  shells  were  composed, 
consisted  simply  of  brick  or  tile, — of  large  di- 
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mensions,  it  is  true,  but  the  manufacture  of 
which  was  carried  on  at  but  a  small  outlay 
in  the  neighborhood  of  Rome. 

And  yet  these  bricks,  in  spite  of  their 
small  cost,  were  used  with  a  remarkably 
sparing  hand.  We  have  said  that  the  shells 
of  Roman  vaults  were  of  two  kinds  :  some- 
times they  were  formed  of  bricks,  laid  as 
ribs  radiating  from  the  crown,  sometimes 
they  resolved  themselves  in  a  sort  of  curved 
payment  laid  on  the  centring. 

Let  us  point  out  the  principal  variations 
of  the  first  type.  These  were  generally 
built  with  bricks  of  two  sizes — square 
bricks  of  about  23  in.  on  the  side,  and  rec- 
tangular bricks  about  23  in.  by  6  in.  With 
the  rectangular  bricks  were  formed  ribs,  or 
rings,  about  23  in.  apart  from  centre  to  cen- 
tre, and  by  means  of  the  large  square  bricks 
these  ribs  were  at  intervals  connected  to- 
gether two  and  two.  Thus  was  formed 
round  the  wood  centring  a  sort  of  open- 
work cage,  which  may  be  considered  the 
most  perfect  model  of  a  shell  with  ribs 
radiating  from  the  crown  which  obtained 
amongst  the  Romans.  Sometimes  this  en- 
velope of  the  centring  was  replaced  by  a 
system  of  arches,  independent  of  each  other, 
and  at  greater  or  smaller  distances  apart. 
These  arches  were  built  of  rectangular  bricks 
as  above,  and  in  them  were  laid  at  intervals 
bricks  about  23  in.  square.  These,  projecting 
on  each  side  from  the  rib  of  which  they 
formed  a  part,  bonded  the  tile  mesh-work 
and  the  mass  of  the  rubble- work  closely  to- 
gether. Often,  again,  ribs  formed  of  bricks 
23  in.  by  6  in.  were  grouped  in  pairs  and 
bonded  solidly  together  by  the  large  square 
bricks  forming  tie-pieces. 

It  is  difficult  to  give  by  a  written  descrip- 
tion only,  a  clear  and  complete  idea  of  the 
ingenious  combinations  of  brick  that  were 
adopted.  We  must  content  ourselves  here 
with  indicating  the  principle  of  their  con- 
struction, and  pass  on  to  a  summary  exami- 
nation of  the  second  method  employed  by 
the  Romans  to  support  their  vaults — a  con- 
tinuous layer  of  flat  tiles.  This  mode  of 
carrying  the  solid  vault  was  thus  practised  : 
On  the  convex  surface  of  the  centring  was 
laid  a  bed  of  the  large  square  bricks,  the 
lateral  dimensions  of  which  have  been  al- 
ready given,  and  which  were  generally  from 
1|  in.  to  2  in.  thick.  These  large  bricks, 
cemented  together  with  excellent  plaster  or 
quick-setting  mortar,  formed  over  the  whole 
convexity  of  the  centring  a  thin  bed  with  no 
apertures  or  cavities,  which  exactly  followed 


the  form  of  the  intrados,  and  presented,  as 
we  have  above  said,  the  appearance  of  a 
hollow  tile  floor.  This  paving  constituted 
in  itself  a  complete  shell  of  the  vault ;  but 
usually  a  second  "  floor  "  was  superimposed 
in  all  respects  similar  to  the  first,  but  con- 
structed of  bricks  of  smaller  dimensions, 
and  which  formed  on  the  curved  planking 
of  the  centring  a  double  envelope  cemented 
to  the  first  with  plaster  or  mortar. 

As  the  result  of  this  superposition,  there 
was,  over  the  whole  extent  of  the  centring, 
like  a  protecting  crust,  a  sort  of  light  vault, 
from  which,  immediately  after  its  comple- 
tion, the  centring  could  not  have  been  re- 
moved without  running  the  risk  of  its 
breaking  up  under  its  own  weight,  but 
which  gradually  stiffened  as  the  massive 
backings  were  filled  in,  and  became  ulti- 
mately capable  of  sustaining  of  itself  the 
whole  of  the  rubble  work.  In  fact,  the  rea- 
son why  the  centring  could  not  be  immedi- 
ately struck  was  not  so  much  the  small 
thickness  of  the  solid  crust  as  in  the  semi- 
circular form  of  its  section.  A  vault  of  flat 
bricks  or  tiles  would  be  stable  under  the 
double  condition  of  its  section  being  a  small 
arc  of  a  circle,  and  of  being  kept  immovably 
between  fixed  abutments.  If  formed  of  a 
semicircular  section  it  would  acquire  the 
rigidity  it  lacks  by  the  haunches  being 
solidly  filled  up,  which  would  oppose  any 
yielding  to  flexure,  and  prevent  the  thin 
shell  of  masonry  sinking  down  upon  itself. 
This  last  case  is  evidently  that  of  the  thin 
crust  of  tile  in  a  Roman  vault. 

The  weight  of  the  vault  rested  on  the 
centring  only  until  the  first  courses  of  rub- 
ble had  backed  up  the  tile  paving  to  a  level 
greater  or  less  as  the  case  might  be,  and 
the  part  really  employed  in  carrying  the 
weight,  i.  e.,  the  effective  part  of  the 
"  floor,"  being  then  a  simple  arc  of  a  circle, 
offered  itself  under  the  best  conditions  for 
equilibrium.  The  wooden  centring  could 
at  that  moment  have  been  struck  and  re- 
moved for  use  at  some  other  point ;  in  other 
words,  the  vault  could  be  constructed  in 
parts,  and  the  same  centring  used  for  dif- 
ferent portions.  This  is,  in  fact,  the  course 
which  the  Romans  more  than  once  fol- 
lowed, and  to  convince  one's  self  of  this,  it  is 
enough  to  notice  that  the  bricks  of  the 
shell,  instead  of  being  cut  to  shape  and 
forming  a  floor  with  radiating  joints,  have, 
on  the  contrary,  their  edges  left  square,  and 
simply  range  side  by  side  like  the  squares 
of   a    draught-board.       This    circumstance 
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agrees  well  with  the  idea  of  a  construction  in 
sections,  for  if  we  suppose  the  "  floor  "  laid 
with  joints  ranging  to  the  summit,  each 
of  these  sections  (or  lunes)  would  terminate 
in  a  toothing,  and  thus  there  would  be  cer- 
tain troublesome  conditions  to  attend  to 
whenever  it  was  required  to  join  one  of 
them  to  the  next;  the  ancients,  dispensing 
altogether  with  bonding  the  various  ribs  or 
sections  together  sideways,  avoided  thereby 
all  difficulties  in  connecting  them. 

As  to  the  economy  resulting  in  the  cen- 
tring, it  is  evident  that  it  was  sufficient,  as 
has  been  already  remarked,  for  it  to  be 
stiff  enough  to  carry  the  weight  of  one  of 
the  two  "  floors."  The  first  layer  served  as 
a  centre  upon  which  to  bed  the  second,  and 
the  two  together  formed  a  rigid  support 
upon  which  was  carried  the  whole  weight 
of  the  rough  masonry. 

Let  us  go  on  to  the  detailed  arrange- 
ments and  variations  of  the  system.  Some- 
times were  laid  here  and  there  amongst  the 
flat  bricks,  bricks  on  edge,  projecting  into  and 
giving  a  key  to  the  rough  backing.     Often, 


again,  the  second  "  floor  "  was  reduced  to  a 
series  of  ribs  formed  of  small  bricks  laid  as 
cover  joints  along  the  courses  of  the  first 
layer.  In  time  they  were  satisfied  to 
place  a  small  brick  laid  in  cement  on  the 
points  where  a  shock  or  a  great  pres- 
sure would  have  the  most  effect — that 
is,  on  the  meeting  point  of  four  of  the 
large  bricks  composing  the  mesh-work  or 
"  floor." 

These  shells  of  flat  bricks  or  tile  were  in 
very  general  use  amongst  the  Romans  ;  the 
Baths  of  Caracalla  and  the  Villa  of  Had- 
rian are  the  most  remarkable  standing  ex- 
amples. Finally  the  use  of  flat  bricks  in 
vaults  has  not  been  entirely  abandoned  by 
Italian  builders.  The  vaulted  cloisters 
which  adorn  the  palaces  of  modern  Eome 
are  for  the  most  part  constructed  of  scpiare 
tiles,  the  intrados  is  formed  of  a  single 
layer  of  tiles  jointed  with  cement,  the  rest 
is  made  up  of  very  rough  rubble  work. 
Italian  workmen  call  this  sort  of  work  volte 
alia  volterrana,  and  sometimes  give  to  it  the 
expressive  name  of  volte  a  foglio. 
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Of  the  numerous  papers  which  are  read 
and  discussed  every  year  by  our  scientific 
societies,  but  an  exceedingly  small  number 
treat  of  the  constructive  materials  employed 
by  the  engineer,  or  of  the  means  by  which 
these  materials  can  be  improved  in  quality. 
And  yet  the  subject  is  one  of  vast  impor- 
tance, and  one  which  can  decidedly  be  best 
dealt  with  at  meetings  where  practical  men 
have  an  opportunity  of  adding  to  the  results 
of  their  unpublished  experience  to  those 
which  have  been  formally  recorded  by  ex- 
perimenters. We  are  aware  that  in  some 
instances  a  notion  that  trade  secrets  were 
being  interfered  with  would  prevent  the 
communication  of  many  facts  of  value  ;  but 
this  feeling  is,  we  are  glad  to  say,  very  far 
from  being  universal,  and  we  believe  that 
much  good  might  be  done  by  a  thorough 
ventilation  of  the  whole  question. 

The  fact  is  that  we  are  rapidly  approach- 
ing a  time  when  some  better  materials  than 
we  have  now  generally  at  our  command  will 
become  an  urgent  necessity,  for  the  whole 
tendency  of  engineering  progress  is  towards 
imposing  upon  constructive  materials  all  the 
strain  they  will  bear,  and  in  many  instances 
Vol.  VII.— Mo.  5-39 


more  than  is  good  for  them.  Civil  engineers 
continue  to  plan  larger  and  bolder  bridges 
and  similar  works,  while  their  mechanical 
brethren  are  building  larger  and  larger  en- 
gines, increasing  steam  pressures,  and  work- 
ing machinery  at  higher  speeds.  Under 
existing  circumstances  there  is  a  limit  to  all 
this,  and  this  limit  is  now  nearly  reached  in 
many  cases.  It  is  true  that  bridges  of  con- 
siderably larger  span  than  any  yet  con- 
structed may  be  built  with  the  materials  at 
present  at  our  command ;  but  this  can  only 
be  done  by  incurring  an  expense  which  is 
prohibitive  in  any  but  very  exceptional  in- 
stances, on  account  of  the  enormous  amount 
of  material  which  would  have  to  be  used  to 
obtain  a  limited  carrying  capacity.  Again, 
by  resorting  to  water-tube  boilers,  it  is  pos- 
sible for  mechanical  engineers  to  avail  them- 
selves of  steam  at  a  far  higher  pressure 
than  is  now  used ;  but  such  boilers  are  not 
free  froni  objections,  while  the  high  tem- 
perature of  such  very  high  pressure  steam 
renders  lubrication  extremely  difficult,  and 
causes  it  to  exercise  a  destructive  action  on 
valves,  pistons,  C3*linders,  etc.,  which  our 
present  knowledge   does  not   enable   us  to 
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overcome.  Even  with,  steam  of  ordinary 
pressures  of  60  to  70  lbs.  per  sq.  in.,  dif- 
ficulties are  beginning  to  arise  from  the  in- 
crease in  the  size  of  engines,  and  this  is 
particularly  the  case  in  marine  engine  prac- 
tice, where  a  material  -which  could  advan- 
tageously replace  cast  iron  for  the  construc- 
tion of  cylinders,  and  similar  details  would 
be  gladly  welcomed.  In  what  we  may  term 
manufacturing  engineering,  too,  economy  of 
production  points  towards  using  machines 
capable  of  taking  heavier  cuts,  and  running 
at  a  higher  speed ;  but  here  we  are  met  by 
the  difficulty  of  getting  tools  which  would 
stand  the  increased  work  thus  thrown  upon 
them  ;  and  although  Mr.  Mushet,  Messrs. 
Tickers,  and  other  steel-makers  have  of 
late  years  made  great  progress  in  the  manu- 
facture of  tool  steel,  this  is  a  direction  in 
which  further  improvement  is,  and  always 
will  be,  acceptable. 

Under  these  circumstances  the  questions 
to  be  considered  are  :  In  what  direction  are 
we  to  look  for  improved  constructive  mate- 
rials ?  and  How  can  the  discovery  and  com- 
mercial manufacture  of  such  materials  be 
best  promoted  ?     To    the    former  of  these 
questions  it  is,  of  course,  impossible  to  give 
a  complete  answer,  although  we  may  give 
some  hints   on   the   subject;  but  the  latter 
may  be  more  easily  responded  to.     If  an 
engineer  nowadays  is    called   upon  to  con- 
struct a  bridge  of  unusually  large  span,  or 
if  a  mechanical  engineer  has  to  make  an 
unusually  light  boiler  capable  of  standing 
a  high  pressure,  he  is  not  content  with  em- 
ploying the  constructive  materials  ordinarily 
found  in  the  market,  but  specifies  for  steel 
or  iron   capable   of  resisting  satisfactorily 
high-test    strains.      Under    these    circum- 
stances he  may  obtain  a  material  having  a 
constructive  value  some  20  or  even  30  per 
cent,  greater  than  the  average  of  that  ordi- 
narily manufactured,  but  he  will,  of  course, 
have  to  pay  for  this  advantage  a  considera- 
bly  increased   price.     Now,  although   this 
increased  price  is  partly  necessitated  by  in- 
creased  cost   of  production,  it   is   in   very 
many  cases  due  to  no  unimportant  extent 
merely  to  the  fact  that  the  demand  for  very 
high-class  material  is  an  exceptional  one. 
The  furnishing   of  such   material,  in  fact, 
necessitates    the  manufacturer's   departing 
from   his   usual   routine  of  business,   and 
hence  expenses  are  incurred  which  would 
vanish   if  the   demand   for  the   very   best 
materials  was  constant  instead  of  intermit- 
tent.    In  other  words,  we  believe  that  users 


of  iron  and  steel  could  obtain  a  considerably 
better  average  quality  of  material  at  a  very 
moderate  increase  of  price  if  they  would 
simply  take  the  trouble  to  ascertain  sys- 
tematically the  quality  of  the  materials  they 
employ.  What  is  wanted  is  a  more  general 
abandonment  of  the  brute  strength  system 
of  construction,  and  a  more  rigid  specifying 
of  good  materials  combined  with  careful 
testing,  to  insure  that  such  materials  are 
supplied.  "With  a  more  general  demand 
for  high-class  products,  there  would  be  an 
increased  development  of  the  manufacture 
of  such  products,  and  much  of  the  energy 
and  skill  now  devoted  to  producing  mate- 
rials which  are  exceedingly  cheap  would  be 
more  profitably  turned  to  account  in  manu- 
facturing products  which  should  be  ex- 
ceptionally good. 

We  now  come  to  the  other,  and  more 
difficult  question  to  deal  with :  In  what 
direction  are  we  to  look  for  improved  con- 
structive materials  ?  And,  as  we  have 
stated,  any  answer  that  we  may  make  to  it 
will  necessarily  be  imperfect.  There  are, 
however,  certain  indications  observable 
which  seem  to  point  out  some  of  the  direc- 
tions in  which  progress  is  to  be  expected. 
For  instance,  at  the  present  time  almost  all 
classes  of  engineers  are  being  benefited  by 
the  vast  advance  which  has  been  made  dur- 
ing the  last  few  years  in  the  manufacture  of 
steel,  and  few  will  deny  the  great  construc- 
tive value  of  that  material.  But  while  this 
is  the  case  there  can  be  few  users  of  steel 
who  are  not  aware  that  the  steel  bars  or 
plates  ordinarily  found  in  the  market  are 
composed  of  a  vastly  different  material  to 
the  best  steel  obtainable.  There  are  few  of 
us  who  have  not  at  some  time  or  other  had 
occasion  to  examine  samples  of  steel  pre- 
pared to  illustrate  the  value  of  some  par- 
ticular manufacturing  process,  samples 
which  would  exhibit  extraordinary  ductility 
and  resisting  power,  and  which  were  in 
fact  almost  as  superior  to  the  best  ordinary 
steel  of  commerce  as  that  material  is  to  the 
most  inferior  brands.  Now  these  samples 
are  in  the  majority  of  instances,  we  regret 
to  say,  not  produced  through  any  peculiar 
excellence  in  the  process  of  which  they  are 
supposed  to  illustrate  the  value,  but  are 
simply  the  results  of  excessive  care  in  the 
manufacture  ;  and  taking  into  consideration 
the  great  value  to  engineers  of  a  material 
possessing  the  qualities  of  such  samples,  it 
is  scarcely  too  much  to  hope  that  the  care 
which   is    expended   on   these  productions 
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may  ultimately  be  exercised  on  a  much 
larger  scale  and  with  proportionately  great 
results.  That  even  now  steel  plates  can  be 
produced  on  a  commercial  scale  of  a  quality 
far  superior  to  that  ordinarily  met  with  in 
the  market,  is  proved  by  what  Mr.  F.  W. 
Webb  is  now  doing  at  Crewe,  where  he  is 
making  regularly  Bessemer  steel  boiler 
plates  having  a  breaking  strength  of  34 
tons  per  sq.  in.,  elongating  25  per  cent, 
before  fracture,  and  of  such  ductility  that  a 
•|  in.  hole  punched  in  each  sample  strip 
2.^  in.  wide  may  be  drifted  out  to  2  in. 
diameter  without  causing  failure. 

But  it  is  not  only  in  the  general  quantity  of 
wrought  steel  that  avast  improvement  may 
yet  be  expected.  We  anticipate  an  even 
greater  advance  in  the  development  of  cast 
metal. 

The  leading  steel  makers  in  this  coun- 
try and  on  the  Continent  can  now  turn 
out  steel  castings,  the  production  of  which 
would  have  been  deemed  utterly  impossible 
not  many  years  ago,  but  such  castings  are 
still  very  far  from  being  all  that  we  believe 
they  will  be  made.  At  present  the  ex- 
cessively high  temperature  at  which  it  is 
necessary  to  run  the  steel,  and  consequently 
the  great  shrinkage  which  takes  place  dur- 
ing cooling,  is  a  difficulty  in  the  way  of 
producing  castings  of  complex  form,  or 
having  parts  of  very  limited  thickness, 
while  the  greater  or  less  porosity  of  many 
of  the  castings  renders  them  inapplicable  in 
numerous  instances  where  their  great 
strength  would  otherwise  render  them  es- 
pecially valuable. 

There  appears  here  to  be  an  indication 
that  what  is  wanted  is  an  alloy  of  steel, 
which  should  retain  the  strength  of  the  lat- 
ter while  having  a  lower  melting  point  and 
increased  fluidity.  That  such  an  alloy,  or 
its  equivalent,  will  ultimately  be  discovered 
we  see  no  reasonable  reason  for  doubting. 
And  here  we  may  say  that  we  use  the  word 
"  alloy"  in  its  broadest  sense,  as  meaning 
not  merely  a  mixture  of  one  metal  with  an- 
other, but  a  mixture  of  a  metal  with  any 
element,  metallic  or  othewise.  The  whole 
subject  of  alloys  is  one  of  vast  importance, 
and  one  which  has  never  yet  received  the 
full  attention  it  deserves,  although  many  of 
our  metallurgists  and  chemists,  and  notably 
Dr.  Grace  Calvert,  have  contributed  much 
valuable  information  concerning  it.  We  in 
fact  know  of  no  more  promising  field  of  re- 
search than  that  which  the  investigation  of 
alloys  offers,  and  we  trust  that  no  great  time 


may  elapse  before  it  is  more  thoroughly 
cultivated. 

An  important  instance  of  the  effect  exer- 
cised on  the  properties  of  a  metal  by  the 
admixture  of  a  very  small  percentage  of  a 
foreign  substance  is  afforded  by  the  "  phos- 
phor-bronze" of  MM.  Montefiore  -Levi  and  G . 
Kunzel,  and  as  this  alloy  promises  to  be  one 
of  the  ''  materials  of  the  future,"  we  may 
specially  advert  to  it  here.  From  particu- 
lars of  careful  experiments  with  this  ma- 
terial now  before  us,  we  find  that  the  addi- 
tion of  a  very  small  percentage  of  phosphorus 
to  gun  metal  containing  10  per  cent,  of  tin, 
increased  the  elastic  limit  about  35  per  cent., 
and  the  breaking  strain  per  square  inch  of 
the  original  section  80  per  cent.;  while  one 
sample  of  phosphor-bronze,  containing  6.2 
per  cent,  of  tin,  had  a  breaking  strain  of  over 
51,000  lbs.  per  square  inch  of  original  sec- 
tion, and  elongated  10  per  cent,  before 
fracture.  Judging  from  the  samples  we 
have  seen,  also,  the  phosphor-bronze  ap- 
pears to  be  capable  of  making  very  close 
and  dense  castings,  while  the  property  it 
possesses  of  casting  well  in  metal  moulds 
is  one  of  very  great  value  in  a  number  of 
instances. 

It  is,  however,  not  only  by  the  introduc- 
tion of  an  alloy  that  we  may  be  furnished 
with  a  valuable  addition  to  our  constructive 
materials  ;  there  is  a  large  scope  for  im- 
provement in  our  treatment  of  the  materials 
now  at  our  command.  The  experiments  of 
Sir  William  Fairbairn  long  ago  showed  how 
greatly  the  quality  of  cast  iron  might  be 
improved,  by  successive  re-meltings,  while 
more  recently  Sir  Joseph  Whitworth  has 
been  producing  some  remarkable  results  by 
casting  steel  under  pressure.  The  effect  on 
steel,  however,  of  repeated  meltings,  or  of 
long  continued  fusion  under  suitable  pro- 
tection from  oxidation,  has,  so  far  as  we  are 
aware,  not  been  investigated,  while  the 
process  of  casting  under  pressure  can 
scarcely  be  considered  as  fully  developed, 
so  that  in  both  these  directions  there  may 
arise  improvements  in  the  future. 

It  is  scarcely  necessary  that  we  should 
dwell  here  upon  the  value  of  a  material 
which  should  be  procurable  at  a  moderate 
price,  be  capable  of  being  cast  into  even 
complex  forms,  and  be  possessed  of  a 
strength  and  ductility  equal,  let  us  say,  to 
fairly  good  wrought  iron.  To  some  limited 
extent  such  qualities  are  supplied  by  malle- 
able cast  iron,  but  malleable  castings  can- 
not easily  be  made  of  any  great  size,  except 
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perhaps,  by  McHaffie's  method,  while  their 
liability  to  twist  during  the  annealing  pro- 
cess is  in  many  cases  a  serious  obstacle  to 
their  employment.  If  such  a  material  as 
we  have  alluded  to  could  be  produced  at  a 
cost  even  as  great  as  that  of  good  wrought 
iron,  the  demand  for  it  would  be  enormous, 


and  there  would,  in  fact,  be  few  articles 
now  built  up  of  wrought-iron  plates  which 
could  not  be  made  of  it  with  advantage, 
while  it  would  take  the  place  of  the  cheaper 
cast  iron  in  an  immense  number  of  in- 
stances. The  prize  is  one  well  worth  trying 
for.     AVho  will  secure  it  ? 


ON  A  NEW  SYSTEM  OF  LONGITUDINAL  SHIP-BUILDING. 

By  J.  E.  SCOTT,  Esq. 


From  the  "  Journal  of  the  Society  of  Arts.' 


Several  papers  have  been  read  before  this 
Institute  and  other  scientific  societies, 
having  for  their  object  the  comparison  of  the 
different  modes  of  ship-building.  It  is  not 
my  intention  to  touch  upon  all  those  differ- 
ent systems,  but  confine  myself  to  that 
arrangement  most  commonly  adopted,  viz., 
the  transverse  system,  as  compared  with 
my  longitudinal  arrangement. 

There  have  been  various  plans  for  longi- 
tudinal construction,  and  a  great  number  of 
vessels  have  been  built  from  them  ;  this 
was  some  years  ago,  but  of  late  the  trans- 
verse system  has  been  almost  entirely  built 
from,  the  plan  of  building  longitudinal 
ships  being  so  much  more  expensive,  and 
requiring  a  much  longer  time  in  construc- 
tion, and  as  ships  had  not  the  excessive 
proportion  of  length  they  have  now,  longi- 
tudinal strength  was  more  easily  obtained 
than  it  is  now  possible  with  the  transverse 
system. 

In  describing  the  different  parts  of  my 
arrangement,  I  hope  to  be  able  to  make 
clear  its  superiority  to  you,  the  members  of 
this  Institute. 

The  great  economical  results  attained  by 
vessels  of  small  section  in  proportion  to 
length,  has  induced  almost  every  shipowner 
to  have  as  long  ships  as  possible,  until  there 
are  vessels  now  building  of  eleven  beams  to 
length.  The  only  drawback  to  this  increase 
is  the  great  additional  weight  required  to 
bring  up  the  longitudinal  strength.  Within 
the  last  few  years  there  have  been  a  great 
many  changes  in  the  different  classification 
books,  all  tending  to  diminish  the  section 
for  preventing  transverse  bending,  and 
increase  the  section  for  resisting  longitudi- 
nal bending ;  and  even  with  all  those  im- 
provements, I  find  that  we  have  still  30  per 
cent,  more  section  against  transverse  than 
against  longitudinal  bending.    This  is  what 


I  propose,  by  my  longitudinal  arrangement, 
to  reverse.  In  carrying  it  out,  I  have  the 
outside  plating  in  longitudinal  strakes,  ex- 
actly as  at  present;  but  instead  of  having 
the  frames  transverse,  I  have  them  longi- 
tudinally, following  at  the  stem  and  stern 
post,  where  those  frames  terminate  the 
Hue  of  the  seams  of  the  skin  plates 
continuously  through  the  bulkheads,  until 
it  becomes  necessary,  by  the  diminished 
girth  forward  and  ait,  to  gore  or  run  two 
into  one,  and  at  the  stem  and  stern  post, 
where  those  frames  terminate,  they  are  con- 
nected to  the  corresponding  frames  on  the 
opposite  side  of  the  vessel  by  hook-plates, 
thus  completely  connecting  both  sides  of  the 
vessel.  These  longitudinal  frames,  as 
shown  in  large  scale  section,  may  be  formed 
of  the  usual  frame  and  reversed  angle-bars, 
or  of  Z  iron,  or  "2  channel  section.  The 
spacing  of  those  frames  to  be  as  at  present, 
from  18  to  21  in.  apart,  according  to  the 
size  of  the  vessel.  From  the  centre  fine  to 
the  turn  of  the  bilges,  where  we  have  the 
floor  plates  in  transverse  framed  ships,  I 
increase  the  longitudinal  frames  to  the  same 
lines  as  the  present  floors,  each  longitudinal 
forming  .  a  girder,  with  an  angle-iron  on 
each  edge.  All  the  longitudinal  frames 
and  girders,  throughout  the  centire  fram- 
ing of  the  ship,  will  be  square  off  the 
skin  plates  they  are  connected  to,  so  that 
no  angle-bar  will  require  to  be  bevelled  in 
any  way. 

Inside  the  longitudinal  frames  there  are 
fixed  to  them,  at  spaces  corresponding  to 
every  third  beam,  transverse,  vertical  tie- 
frames  of  angle-irons  riveted  back  to  back, 
of  the. same  scantlings  as  the  present  keel- 
sons, extending  from  the  upper  deck 
stringer-plates,  and  passing  continuously 
through  the  lower  decks,  and  overlapped 
across  the  centre  line,  and  connected  to  the 
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longitudinal  frames  by  double  reverse 
angles.  The  flat  of  floor  is  additionally 
strengthened  tranversely  by  means  of  plates 
let  down  between,  and  connected  to  the 
longitudinal  girders,  and  riveted  to  the 
angle-irons  of  the  tie-frames.  In  broad, 
flat-bottomed  ships,  it  will  be  necessary  to 
have  an  extra  tie-frame  carried  up  to  the 
turn  of  the  bilges,  with  plates  fitted  between 
and  riveted  to  the  longitudinal  and  tie- 
frames,  so  as  to  give  the  necessary  trans- 
verse strength. 

The  beams  are  fitted  at  present  across  the 
ship  at  right  angles  to  the  centre  line,  and 
connected  to  the  ship's  side  by  double 
angle-iron  on  each  knee ;  those  beams 
which  occur  at  the  tie-frames  have  deep 
knees  passing  between,  and  extending  from 
the  outside  of  the  tie-frame  to  the  skin 
plates.  In  construction,  those  beams  are 
raised  with  the  tie-frames  to  preserve  the 
form. 

The  bulkheads  are  fitted  in  the  ordinary, 
manner,  being  let  in  over  the  longitudinals 
and  made  water-tight  round  them.  The  re- 
verse bar  may  be  either  cut  and  kneed,  as 
in  the  case  of  ordinary  keelsons,  or  allowed 
to  pass  through.  This  makes  up  the  general 
arrangements  of  iron  ships. 

In  moulding  vessels  with  longitudinal 
frames,  we  will  have  the  lines  and  bevels 
for  each  tie-frame,  also  the  fore  and  aft 
curve  of  the  longitudinal  frames,  the  breadth 
and  curve  of  each  plate  in  the  outside  skin  ; 
all  this  can  be  easily  laid  down  from  the 
body  plan. 

In  construction,  I  commence  by  setting 
the  centre  longitudinal  girder  in  position  on 
the  keel  blocks,  and  then  raise  upon  it  the 
transverse  tie  frames,  with  their  beams, 
securing  them  in  the  ordinary  manner  by 
ribands. 

The  first  longitudinal  frame  on  each  side 
may  then  be  bolted  to  the  tie-frame,  and 
the  first  strake  of  plating  to  them,  and 
shored  or  blocked  off,  after  which  the  re- 
maining longitudinal  frames  and  strakes  of 
plating  may  be  added  in  the  same  manner 
consecutively.  In  order  to  advance  the 
deck  work,  the  strake  in  way  of  each  tier 
of  beams,  with  the  longitudinal  frames, 
should  be  raised  as  soon  as  the  tie-frames 
are  in  position  ;  the  beams  which  come  be- 
tween the  tie-frames  may  then  be  attached 
to  those  strakes,  and  the  stringer-plates 
fitted. 

In  order  to  have  a  comparison  between 
the  effective  cross-sections    of  an   ordinary 


transverse  framed  and  longitudinal  framed 
ship  on  my  arrangement,  I  have  taken  a 
vessel  of  3 12  ft.  long  by  34  ft.  beam,  and 
29  ft.  moulded  to  spar  deck,  with  3,390  tons 
displacement  or  20  ft.  6  in.  draught,  or  19 
ft.  6  in.  from  top  of  keel ;  gross  tonnage, 
2,000  tons;  to  class  100  A  at  Lloyd's; 
index  numbers,  Lloyd's  rules,  81  and 
25,194. 

The  scantlings  of  the  longitudinal  frames 
correspond  with  those  of  the  present  vertical 
frames,  and  those  of  the  tie-frames  to  scant- 
lings given  for  keelsons  ;  all  deck-stringers, 
beams,  and  skin-plates  are  the  same  in 
either  case. 

Transverse-Framed  Iron  Ships. 

Sq.  in. 

Keel 27.50 

Keelson  angles 67.20 

Centre  kee.lson  plates 20.97 

Side  keelson  plates 28.73 

Garboard  strakes 58 .  32 

Bottom  plating 236 .  64 

Side  plating  to  lower  deck 112.84 

Side  stringer 34.28 

Lower  deck  stringers  and  tie-plates 53.39 

Lower  deck  stringers  and  angles 17 .  98 

Wood  of  lower  deck  =  1224  -£■  16,  equivalent 

in  iron 76 .  50 

Side  plating,  lower  to  main  deck 104.23 

Main  deck  stringer  plates,  ties,  and  diagonals.  128.24 

Main  deck  stringer  plates  and  angles 24.80 

Wood  of  main  deck  H  1224  -r- 16  = 76  50 

Plating  main  to  spar  deck 53.82 

Spar  deck  stringer,  ties,  and  diagonal  plates. .  83.91 

Spar  deck  stringer,  angles 8.00 

Spar  deck  wood,  1224-7-16  = 76.50 

Greatest  total  area  of  section  = 1,335.94 

Deduct  for  rivets  connecting  skin   plates  to 
frames 108.00 

Least  total  area 1,227.94 

Longitudinal-Framed  Iron  Ships. 

Sq.  in. 

Keel 27.50 

Garboard  strakes 58 .  32 

Bottom  plating 236  64 

Girder  plates 139.50 

Girder  angles 119.19 

Side  plating  to  lower  deck 112.84 

Side  longitudinal  frames  to  lower  deck 66.22 

Lower  deck  stringer  and  tie-plates 53. 39 

Lower  deck  stringer  and  angles S .  99 

Lower  deck  wood,  1224  -f- 16  = 76.50 

Side  plating,  lower  to  main  deck 104.23 

Longitudinal  frames,  main  to  lower  deck 39 .  72 

Main  deck  stringer,  ties,  and  diagonal  plates.  128.21 

Main  deck  stringer  and  angles 24.80 

Main  deck  wood,  1224  -f- 16  = 76.50 

Plating  from  main  to  spar  deck 53.82 

Longitudinal  frames  from  main  to  spar  deck. .  39.72 

Spar  deck  stringers,  ties,  and  diagonal  plates  .  S3. 91 

Spar  deck  stringers  and  angles 8.00 

Spar  deck  wood 74.50 

Greatest  total  area  of  section 1,579.41 

Deduct  for  rivets  connecting   skin-plates   to 

longitudinal  frames 66.00 

Least  total  area 1,513.41 
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Transverse-Framed  Iron  Ships. 


Areas  Sg* 


Spar  deck 

Sides  from  main  to  spar  deck. 

Main  deck 

Sides  from  main  to  lower  deck 

Lower  deck 

Sides  to  bilges  to  lower  deck. . 
Bottom 


sq.in. 
168.41 

53.82 
229.51 
104.23 
147.87 
147.12 
484.98 


ft 


03 


Products. 


feet. 

O.O 

3.9 

7.4 

11.2 

14.9 

19.5 

28.3 


00.00 
210.89 
1698.37 
1177.37 
2203.26 
2868. S4 
13724.93 


1335.94  ....    )21883.66 


Neutral  axis  below  spar  deck  =  16.38  ft 


Spar  deck 

Sides  from  main  to  spar 

deck 

Sides  from  main  to  spar 

deck , 

Main  deck 

Sides  from  main  to  lower 

deck 

Sides  from  main  to  lower 

deck 

Lower  deck . .    ..... 

Sides  to  bilges  to  lower 

deck 

Sides  to  bilges  to  lower 

deck 

Bottom 


Areas. 


sq.  in 
168.41 


53.82 


53.82 
229.51 


104.23 


104.23 

147.87 


147.12 


147.12 
484.98 


§    3 

-5  51= 


feet. 
16.382 


12.52 


7.022 -J- 12 
9.02 


5.22 


7.52 -j- 12 
1.52 


5.22 


10.022 -M2 
12.02 


Products. 


45544.80 
8409.37 


219.58 
18590.31 


2818.37 


487.79 
332.70 


1506.50 


1225.50 
69837.12 


Spar  deck  from  neutral  axis  =  16.38)148972.54 

Moment  of  resistance. 9094 .  54 

Longitudinal-Framed  Iron  Ships. 


Spar  deck 

Sides  from  main  to  spar  deck. 

Main  deck 

Sides  from  main  to  lower  deck 

Lower  deck 

Sides  to  bilges  from  lower  deck 
Bottom 


Areas, 


sq  m. 
168.41 
93.45 
229.51 
143.95 
183.88 
179  06 
581  15 


0.0 
3.9 

7.4 
11.2 
14.9 
19.5 
28.3 


Products 


00  00 
364.45 
1698.37 
1612.24 
2739.81 
3491  67 
16446  54 


1579.41   ....  )26351  08 


Areas. 

Distance 

from 

Neutral  axis. 

Products- 

Sides  from  main  to  spar 

Sides  from  main  to  spar 
deck 

«q.  in. 

168.41 

93  45 

93.45 
229.51 

143  95 

143.95 

183.88 

179.06 

179.(16 
581.15 

16.62 

12.7= 

7.02 -h  12 
9.22 

5.42 

7. 02 -j- 12 
I.72 

3.02 

10   02-r-12= 
11.82 

46407.06 

15072.55 

381  27. 
19425.72 

Sides  from  main  to  lower 
deck 

4197. 58 

Sides  from  main  to  lower 

673.68 

531.41 

Sides    to    bilges    from 
Sides    to     bilges    from 

1611.54 
1471.56 

80919.32 

Spar  deck  from  neutral  axis  =  16  6)170691.69 
Moment  of  resistance 10282 .  63 

Transverse-Framed  Iron  Ships. — Resistance  to 
Hogging. 

Displacement  X  Length  -H 20  =  52,884  ft.  tons  =  greatest 

. bending  moment. 

9094.34  =  Moment  of  re- 

sistance. 

Greatest  tension  longitudinally     5.81  tons  on  the  sq.  in. 
0.73  Difference  of  dis- 
tances from  neu- 

. tral  axis. 

Greatest  thrust  longitudinally      4 .  24  tons  on  the  sq.  in. 

Resistance  to  Horizontal  Bending. 


Sides 

Bottom  and  decks 


Areas, 
sq.  in. 
305. 1 7 


Multipliers, 
feet. 
17.0  =  £  breadth 


1030.77  17.0=        do.  -h4= 
Resistance  to  bending. . .  = 
Greatest  bending  moment  -f-  do        do 


Pro- 
ducts. 
il87.89 
4380.77 

9568.66 


=  5.52  tons 
per  sq.  in. 

Longitudinal-Framed  Iron  Ships. — Resistance  to 
Hogging. 

DisplacementXLength-H  20  =52,884  ft.  tons  =  greatest 

bending  moment. 

1028.63  moment  of  resist- 

ance. 

Greatest  tension  longitudinally    5.14  tons  on  the  sq.  in. 
0.71  Difference  of  dis- 
tances from  neu- 

tral  axis. 

Greatest  thrust  longitudinally     3.65  tons  on  the  sq.  in. 


Resistance  to  Horizontal  Bending. 

I  Areas.  Multipliers. 

j  sq.  in.  feet. 

Sides I  416.4617=1  breadth 

Bottom  and  sides  1162.95  17  do.      -=-4  = 


Pro- 
ducts. 
7079  82 
4942.53 


Neutral  axis  below  spar  deck  =  16. 60ft. 


Resistance  to  bending. . .  =  12022.35 


Greatest  bending  moment -7-    do.     do. 


=  4.39  tons 
per  sq.  in. 
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By  reference  to  some  tables,  Mr.  Scott 
showed  that  the  cross-section  of  transverse 
framed  vessels  is  to  longitudinally  framed 
vessels  as  12  to  15,  and  that  the  resistance 
to  longitudinal  bending  is  as  9  to  10  ;  and 
that  the  resistance  to  horizontal  bending  is 
as  9  to  12.  This  is  with  the  same  total 
weight  of  vessel,  and  is  equal  to  about  15 
per  cent,  more  strength  longitudinally,  in 
longitudinally  framed  ships,  which  would 
enable  any  of  our  present  vessels  to  come 
through  any  strain  that  they  might  be  sub- 
jected to. 

For  a  particular  service,  suppose  the 
transverse  framed  vessel  taken  out  in  tables 
to  have  sufficient  longitudinal  strength,  then 
take  the  difference  between  areas  of  sections 
given  for  transverse  and  longitudinal  ships 
=  285.74  sq.  in.,  and  this  divided  by  960 
in.  =  the  total  girth  amidships  =  29  in. 
thickness,  =  11.6  lbs.  weight  per  foot  and 
thisXlength  and  by  mean  girth  of  vessel= 
105  tons  less  weight  required  for  a  longi- 
tudinal vessel  with  my  arrangement ;  and 
as  the  total  is  900  tons,  this  reduction  in 
weight  is  over  111  per  cent. 

The  advantages  to  be  gained  in  construc- 
tion and  material  are  very  great.  The 
deprecatory  effect  caused  by  heating  our 
present  frame  bars  to  the  extent  necessary 
for  setting  and  bevelling,  is  well  known  ; 
they  become  so  short  in  the  grain  after  being 
heated  to  such  a  degree,  that  they  in  many 
cases  will  not  stand  hoisting  into  their 
places,  or  even  the  riveting  of  the  several 
parts  together;  this  will  be  completely 
overcome  by  my  arrangement.  We  will 
require  neither  the  heating,  bevelling,  nor 
setting  of  floors,  as  the  frames  will  be  all 
square  off  the  outside  skin,  and  following 
the  line  of  those  plates,  they  being  raised 
sufficiently  fore  and  aft  to  take  out  the  sag 
or  vertical  set,  leaving  each  frame  in  a 
straight  plain  from  end  to  end.  Then  as  to 
the  fore  and  aft  curvature  amidships,  it  is 
evident  that  a  blow  from  a  hammer  will  put 
this  to  rights ;  even  at  the  ends,  where  the 
curvature  increases  to  a  maximum  of  1  in  20 
in  the  fullest  ships,  the  beam  pressing  ma- 
chine could  put  this  round  on  with  ease,  as 
it  is  only  twice  the  round  given  in  deck 
beams. 

Now  all  the  skin  plates  can  be  multi- 
pliers of  the  same  number  from  end  to  end 
of  the  vessel  except  the  fore  and  after  plates 
in  each  strake,  which  will  be  regulated  by 
the  length  from  the  last  butt  to  the  stern 
post.     This  regularity  is   caused  by  there 


being  no  transverse  frames  to  regulate  the 
length  of  each  plate,  so  that  with  this  con- 
struction, all  the  longitudinal  frames,  girder 
plates,  and  frame  holes  of  skin-plates,  can 
be  punched  from  the  same  template,  or 
punched  with  a  machine  such  as  that  used 
in  bridge  and  boiler  construction,  with  self- 
regulating  details,  thus  obviating  false 
punching,  and  the  necessity  of  a  separate 
template  for  each  plate. 

As  skin-plates  are  of  different  breadths, 
it  may  be  considered  difficult  to  obtain  this 
advantage,  but  as  the  butts  do  not  overlap 
one  another,  they  can  be  punched  in  the 
usual  manner. 

The  advantage  to  be  gained  in  this  part 
of  the  structure  is  the  saving  of  time,  as  all 
the  plates  and  frames  can  be  marked  and 
punched  at  once,  instead  of  having  one  part 
marked  off  another  as  at  present. 

In  riveting  the  frames,  it  will  be  an  easy 
matter  to  have  them  brought  under  a  com- 
mon riveting  machine,  which  at  present  is 
all  but  impossible,  from  the  awkward  shape 
and  weight  to  be  carried  from  the  machine 
to  the  ship,  so  that  the  usual  mode  of  rivet- 
ing large  frames  at  present  is  across  their 
own  keels,  for  convenience  in  hoisting. 
Even  this  inconvenience  and  the  expense  of 
riveting  may  be  altogether  overcome  by  the 
use  of  Z  iron  or  3  channel  iron.  To  obtain 
this  advantage  in  the  present  mode  of  trans- 
verse construction  is  impossible  ;  neither  of 
these  sections  can  be  used,  as  they  have  to 
take  many  sharp  curves  and  can  be  bevelled 
in  many  different  ways. 

To  bring  and  keep  longitudinally-framed 
vessels  in  shape  has  always  been  a  serious 
difficulty.  Prior  to  this,  temporary  moulds 
have  been  used.  This  is  at  once  costly  and 
insecure,  therefore  objectionable,  but  will  be 
overcome  in  my  arrangement  by  the  trans- 
verse tie-frames  of  double  angle-iron,  back 
to  back,  which  will  be  in  permanent  posi- 
tion at  the  beginning  of  construction.  I 
may  here  mention  that  these  are  the  only 
frame  bars  requiring  to  be  heated  and  be- 
velled, and  they  amount  to  only  -ifh  of  the 
ordinary  transverse  frames.  Here,  also, 
you  will  observe  a  decided  advantage  in  the 
reduction  of  furnace  work,  as  the  present- 
frames  cost  twice  the  amount  per  ton  weight 
of  iron  of  any  other  part  of  the  structure. 

In  securing  the  deck  beams  to  the  outside 
plating,  the  loss  of  the  transverse  frames  at 
this  point  will  be  made  up  by  double  angle- 
irons  on  the  beam  knees,  as  the  connection 
does  not  in  any  great  measure  depend  on 
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the  knee,  but  to  a  large  extent  on  the 
stringer  plates  and  bar.  The  difficulty  and 
great  expense  of  connecting  deck  stringers 
to  the  outside  plating  on  deck,  where  the 
frames  pass  through  the  stringers,  will  be 
removed  by  the  bars  being  continuous  fore 
and  aft,  and  not  cut  into  short  pieces  be- 
tween the  frames,  as  at  present.  This  con- 
nection is  very  necessary,  to  prevent  strain- 
ing at  the  decks. 

By  having  the  bulkheads  in  direct  contact 
with  the  skin,  as  in  transverse  framed  ships, 
it  becomes  a  very  rigid  part  of  the  structure, 
and,  instead  of  strengthening,  tends  to 
weaken,  on  account  of  the  skin-plates  being 
pierced  so  close  in  order  to  make  the  con- 
nection secure,  the  rigidity  being  only  dif- 
fused by  the  keelsons  and  stringers  ;  but  by 
having  the  double  angle-iron  frames  inside 
the  longitudinal  frames,  we  disperse  the 
rigidity  fore  and  aft  of  the  bulkhead  over  a 
large  area,  and,  instead  of  weakening  the 
skin  at  one  point,  it  gives  strength  to  all 
around  by  having  the  longitudinal  frames 
passing  continuous  through  the  bulkhead, 
and  making  it  water-tight  round  them  by 
fitting  plates  between  the  longitudinal 
frames,  and  connecting  them  to  the  skin 
and  bulkhead  frames  by  angle-irons.  There 
is,  therefore,  no  necessity  for  having  the 
skin  doubled,  as  at  present,  at  this  point  to 
assist  in  keeping  the  bulkhead  from  work- 
ing, as  there  is  no  direct  strain  on  the 
skin-plate.  The  only  use  of  plates  be- 
tween the  longitudinal  frames  is  to  cut 
off  the  connection  between  one  hold  and 
another. 

It  is  very  requisite  at  the  ends  of  vessels 
to  have  one  side  thoroughly  connected  with 
the  other,  especially  so  in  screw  steamships, 
where  the  vibration  caused  by  the  propeller 
being  suddenly  thrown  in  and  out  of  the 
water  is  very  severe  ;  the  best  workmanship 
and  materials  are  often  found  insufficient  to 
cope  with  this  for  any  length  of  time.  Now, 
with  transverse  frames  this  part  of  the 
structure  is  in  no  way  strengthened,  for  not 
only  are  they  almost  always  reduced,  in  the 
inner  flange  to  admit  of  the  stern-pipe  being 
got  into  its  proper  place,  but  are  altogether 
in  the  wrong  position  to  hold  out  against 
this  strain.  To  meet  the  vertical  strain  on 
this  point,  we  have  the  whole  length  of  the 
stern-post  above  and  below  the  shaft  con- 
nected to  the  plating,  thus  diffusing  it 
thoroughly  in  this  direction  ;  but  to  meet 
the  horizontal  we  have  only  the  cross  section 
of  the    stern-post,  skin-plates,    and  water- 


tight iron  deck.  As  the  transverse  vertical 
frames  are  completely  disjointed  in  a  hori- 
zontal direction  by  the  impossibility  of  in- 
troducing keelsons  at  this  point  in  such  a 
contracted  space,  we  cannot  allow  anything 
for  them.  It  is  clear,  I  think,  that  this 
horizontal  strain  is  met  in  a  very  insufficient 
manner ;  but  with  longitudinal  framing  we 
shall  be  able  to  completely  overcome  this 
inequality  in  rigidity  by  having  a  series  of 
iron  deck,  as  it  were  (as  shown  in  plate), 
above  and  below  the  shaft,  thus  completely 
connecting  the  skin  plates  from  side  to  side, 
and  adding  to  the  horizontal  resistance. 
There  will  also  be  greater  facility  for  rivet- 
ing the  skin,  as  those  horizontal  plates  can 
be  fitted  after  the  skin-plates  are  in  position, 
and  riveted.  At  the  fore  end  of  the  vessel 
there  are  numerous  advantages  to  be  gained 
by  having  the  sides  of  the  vessel  so  thor- 
oughly connected  horizontally,  and  giving 
support  to  the  stern,  which,  at  present,  is 
only  supported  by  the  skin-plates  and  string- 
ers. 

Water  ballast  tanks  so  greatly  promote 
economy  in  shifting  from  port  to  port  that 
they  are  every  day  becoming  of  more  im- 
portance. They  are  with  difficulty  con- 
structed in  a  satisfactory  manner  with 
transverse  frames,  because  of  the  frames 
having  to  be  cut  on  each  side  or  allow- 
ed to  pass  through  the  side-plate  of  the 
tank  at  such  close  intervals,  the  difficulty 
being  to  make  it  water-tight  round  each 
frame. 

In  the  first  construction  we  sacrifice  the 
frame,  in  the  other  we  weaken  the  side  of 
the  tank  in  order  to  preserve  the  frame. 
With  transverse  frames  this  is  imperative, 
but  if  we  have  the  frame  running  in  the 
same  line  as  the  side  of  the  tank,  then 
we  obviate  all  this  unnecessary  and  unsatis- 
factory work.  Water  ballast  tanks  can  be 
constructed  in  longitudinally  framed  ships 
with  the  greatest  ease,  and  assurance  of 
being  tight  when  completed,  by  a  very 
simple  arrangement,  as  shown  on  plate. 
The  side-plate  of  the  tank  is  attached  to 
one  of  the  longitudinal  frames,  making  a 
plain  caulking  seam  fore  and  aft  with  the 
outside  plating,  which  has  no  interruptions 
whatever,  and  all  plain  work  from  end  to 
end,  instead  of  the  many  interruptions  and 
small  detached  pieces  that  are  necessary  in 
transverse  framed  ships ;  this  is  the  part 
that  makes  those  tanks  so  expensive  and 
troublesome  to  construct.  We  shall  be 
able  to  entirely  dispense  with  those  heavy 
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knee-plates  that  connect  the  frames  to  the 
side-plate  of  the  tank. 

The  transverse  tie  frames  pass  through 
the  sicle-plate  of  the  tank,  but  as  they  are 
clear  of  the  side  of  the  ship  there  is  every 
facility  for  making  the  tank-plate  tight 
round  them.  To  have  the  wash  from  one 
side  to  the  other  stopped  is  one  of  the  most 
particular  points  in  the  construction  of  those 
tanks  :  if  the  water  is  allowed  to  wash  from 
side  to  side,  the  pressure  brought  to  bear 
on  the  side-plate  is  so  great  that  it  is  im- 
possible to  keep  them  tight ;  this  is  entirely 
prevented  in  longitudinal  framed  ships.  If 
it  is  necessary  to  end  the  tank  before 
reaching  the  ends  of  the  vessel,  it  can  be 
made  perfect  by  having  a  bulkhead  fitted 
across,  in  the  same  manner  as  the  others. 

The  small  number  of  composite  ships  now 
building  shows  a  serious  defect  somewhere  ; 
either  they  must  be  weak  for  the  quantity  of 
material  per  ton,  or,  when  strong  enough, 
they  are  too  costly.  By  studying  our  present 
composite  ships,  it  is  apparent  that  they 
have  too  little  longitudinal  strength  as  com- 
pared with  an  iron  ship.  We  have  in 
composite  ships  the  transverse  frames, 
floors,  beams,  and  keelsons,  all  of  much 
the  same  scantlings  as  in  iron  ships,  and  on 
those  frames  are  bolted  the  longitudinal 
strakes  of  planking.  In  my  arrangement 
for  composite  ships  I  have  the  external  out- 
side planking  worked  diagonally,  which 
may  be  either  of  one  or  two  thicknesses, 
according  to  the  size  of  the  vessel.  The 
longitudinal  frames,  transverse  tie-frames, 
and  deck  beams,  are  all  fitted  in  the  same 
manner  as  described  for  iron  ships  on  this 
principle. 

As  the  longitudinal  frames  require  to  be 
united  at  their  outer  edges  as  well  as  at 
their  inner  edges,  I  have  narrow  flat-plates 
from  keel  to  gunwales,  crossing  the  longi- 
tudinal frames  at  each  of  the  transverse 
tie-frames.  Those  plates  are  connected  to 
the  plates  between  the  longitudinal  frames 
in  flat  of  bottom  by  angle-iron  on  their 
lower  edges.  At  the  centre  line  a  strake  of 
plating  is  applied,  running  fore  and  aft, 
sufficiently  broad  to  embrace  the  garboard 
strakes,  and  the  butts  of  the  diagonal 
planking.  The  keel,  stem,  and  stern-post 
are  also  bolted  to  this  plate,  as  at 
present.  At  each  bilge  there  is  a  strake  of 
plating  fitted,  embracing  two  of  the  longi- 
tudinal frames,  and  extending  over  f  ths  of 
the  ship's  length  amidship ;  and  in  the 
fine  of  each  tier  of  beams  it  is  necessary  to 


have  similar  strakes  for  connecting  the 
beam-knees  and  stringer-plates  to  the 
frames. 

In  construction  all  the  longitudinal 
frames  will  be  secured  to  the  tie-frames  and 
outside  tie-plates,  and  also  the  longitudinal 
strakes  of  plating  in  their  proper  positions, 
before  putting  on  the  diagonal  outside  plat- 
ing, as  each  diagonal  strake  crosses  all  the 
longitudinal  frames. 

The  advantages  gained  in  frame  setting. 
punching,  and  riveting,  in  iron-clad  ships 
with  my  arrangement  are  likewise  obtained 
in  composite  ships. 

The  whole  structure  will  be  much  more 
rigid  than  with  the  present  transverse 
frames,  by  the  outside  planking,  passing 
diagonally  across  the  frames,  resisting  at 
the  same  time  transverse  and  longitudinal 
bending,  also,  giving  great  stiffness  at  the 
bilges,  which  at  present  are  only  supported 
by  the  transverse  frames  and  bilge  keel- 
sons. 

To  show  more  distinctly  the  advantages 
to  be  gained  as  to  strength  by  the  frames 
being  longitudinally,  I  have  taken  out  the 
section  of  a  vessel  200  ft.  long  by  31  ft. 
broad,  and  22  ft.  moulded ;  tonnage  under- 
deck  898  tons  ;  displacement  2,05U  tons,  on 
19  ft.  6  in.  draught  of  water,  or  18  ft.  from 
the  top  of  the  keel,  to  class  100  A  at 
Lloyd's. 

In  making  up  those  sections  I  have 
taken  the  same  scantlings  for  longitudinal 
frames  as  required  by  rules  for  transverse 
frames  and  for  my  transverse  tie-frames  I 
have  taken  the  scantlings  given  in  rule  for 
keelsons. 

Composite  Transverse-Framed  Sh  ips. 

Keel  wood,  342-^16 21.37 

"    plate 24.30 

Bilge  strake 27-28 

Planking  of  bottom  wood  =  2160  f  16 135. 00 

Keelson  angles i'4  •  00 

"        plates 52.60 

Planking   from  bottom   to   lower  deck,  wood 

1584-16 "-00 

Diagonal  plates  on  frames  between  lower  deck 

and  bottom » ■ ;>"- 

Keelson  angles    . •  •  •  IS .  00 

Wood  of  lower  deck,  122-4  ~  16 76.50 

Stringer  and  tie  plates  of  lower  deck 42 .  16 

«             angles ....    .  9-00 

Planking  from  main  to  lower  deck.  924  -f  16  . .  57.75 

Iron  sheer  strake    20.46 

Diagonal  plates  or  frames     6. 82 

Wood  of  main  deck  =  1684  -,  16 99 .  00 

Main  deck  stringers,  tios,  and  diagonal  plates.  65.72 

angles 900 

Totalarea 824.78 

Deduct  for  rivet  connecting  plates  to  frames      18.00 

Least  total  area 806.78 


618 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


Composite  Longitudinal-Framed  Ships, 


Keel,  wood,  349  4- 16 

"    plate 

Bilge  strakes 

Wood  planking  of  bottom  =  2160  4-16 

Longitudinal  web  plates 

' '  "     angles 

"Wood  planking  from    bottom    to   lower  deck, 

1584  4-16= 

Iron  lower  deck  sheer  strake 

Longitudinal  frames  from  bottom  to  lower  deck 

Wood  of  lower  deck  1224  4-16 

Lower  deck  stringer  and  tie  plates 

' '  angles 

Planking  from  lower  to  main  deck,  929  4  16. . 

Iron  sheer  strake 

Longitudinal  frames  between  main  and  lower 

d.ck 

Wood  of  main  deck,  1584  4  16 

Main  deck  stringers,  ties,  and  diagonal  plates . 
"  "  angles 


Total  area 1,167.30 

Deduct  for  rivets  connecting  plates  to  frames. .       15  00 


21. 

37 

24  30 

27 

28 

135 

00 

152 

00 

178 

76 

99 

00 

10 

50 

87 

(0 

76 

50 

42 

16 

9  00 

57 

75 

20.46 

43  50 

99 

00 

65  72 

18 

.00 

Least  total  area 1,152 .  30 

Composite  Transverse-Framed  Ships. 


Areas. 

Q     3 

Products. 

Main  deck 

sq.  in. 
173.72 
85.03 
127.66 
123.82 
314  55 

0  0 
3.75 
7.50 
12  50 
22.22 

000.00 

Sides  from  main  to  lower  deck 

318.86 
957.45 

Sides  to  bilges  from  lower  deck 

1547 . 75 
6991.02 

824.78 )9814. 


Neutral  axis  below  main  deck  =  11.90ft. 


Areas. 

Distance 

from 

Neutral  axis. 

Products. 

sq.  m. 
173.72 

85.03 

85.03 
127.66 

123.82 

123.82 
314.55 

11.92 
8.12 

7.52  4-12  = 
4.352 

11.0024-12  = 

0.702 

9.302 

24600.49 

Sides  from  main  to  lower 

Sides  from  main  to  lower 
deck 

5441.92 
398.57 

Lower  deck 

2415.32 

Sides    to    bilges    from 
lower  deck 

1248.51 

Sides     to     bilges    from 
lower  deck 

60.67 

Bottom 

27205.42 

61370.90 


Composite  Longitudinal- Framed  Ships. 

Areas. 

lfl1 

f.  <~  bK 

3   wS 

Products. 

sq.  in. 

182  72 
121  71 
127.66 
196.50 
538.71 

0 

3.75 

7.50 

12.50 

21.50 

ono.O 

Sides  from  main  to  lower  deck 

450.41 
957.45 

Sides  to  bilges  from  lowerdeck 

2456.25 
11582.26 

1167.80 )15452.37 

Neutral  axis  below  main  deck  =  13.23ft. 


Areas. 


Main  deck 

Sides  from  main  to  lower 

deck. 

Sides  from  main  to  lower 

deck 

Lowerdeck 

Sides    to    bilges    from 

lower  deck 

Sides     to     bilges    from 

lower  deck  

Bottom 


sq.  in 

182.72 


121.71 


121.71 
127.66 


fi      P. 


13.232 

9.502 

7  502  l.  12 
6.OO2 

196.50Jll.002  4- 12 

196.50   1.002 
538.71   7.70s 


Products. 


31981.48 

10984.32 

569.60 
4595.76 

1980.72 

196.50 
31940.11 


82248.49 
Main  deck  from  neutral  axis  =      13  23  ft. 
Moment  of  resistance 6216 .  81 

Composite   Transverse-Framed  Ships. — Resistance 
to  Hogging. 

Displacement  X  Length  4-  20  =  25,000  ft.  tons  =  greatest 

bending  moment 

5157.73  =  moment  of  re- 

—  sistance. 

Greatest  tension  longitudinally    4.84  tons  per  sq.  in. 

.78  difference  of  dis- 
tances from  neu- 

tral  axis. 

Greatest  thrust  longitudinally     3 .  77  tons  on  the  sq.  in. 

Resistance  to  Horizontal  Bending. 

Isq.  in. I  [Products. 

Sides 208  85il7  ft  -  £  breadth      =    3550.45 

Bottom  and  decks!  615.9317  ft.=       do      4-3=l   3459  85 


Resistance  to  bending. 
Greatest  bending  moment  4-      do.     do 


7040.30 


Main  deck  from  neutral  axis  =       11.90  ft. 


Moment  of  resistance 5157.73 


3.55  tons 
per  sq.  in. 

Composite  Longitudinal-Framed  Ships. — Resist- 
ance to  Hogging. 

Displacement  X  Length  4-  20  =  25,000  ft.  tons  =  greatest 

. —  bending  moment. 

6216.81  =  moment  of  re- 
sistance. 
Greatest  tension  longitudinally    4. 02  tons  per  sq.  in. 

.58  differences  of  dis- 
tances from  neu- 

tral  axis. 

Greatest  thrust  longitudinally       2.33  on  the  sq.  in. 
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Resistance  to  Horizontal  Bending. 

Isq.  in. I  Products. 

Sides 318.21 17ft .=  J  breadth  5409.57 

Bottom  and  decks  849.09  17  ft.=     do.     -3=    4810.94 


Resistance  to  bendin 
Greatest  bending  moment  —     do. 


=  10220.51 


do.  =2.44  tons 

per  sq  in. 


The  difference,  as  shown  in  those  tables, 
between  the  cross-sections  of  composite- 
transverse  and  composite  longitudinal  ships 
is  very  great.  They  are  as  8  to  11,  and 
the  resistance  to  longitudinal  bending  is  as 
5  to  6,  and  that  of  horizontal  bending  as  7 
to  10. 


THE  MEASUREMENT  OF  SHIPS. 


From  "Naval  Science.' 


"Merchants  and  sailors  are  continually 
asking,  what  will  a  ship  carry  ?  or,  of  how 
many  tons  is  she  ?  and  naval  architects  or 
tonnage-measurers  constantly  supply  the 
answer  ;  but  almost  always  it  is  doubtful 
whether  the  tons  spoken  of  in  expressing 
the  size  of  a  ship  are  weights  or  measures, 
so  that  very  often  weight  and  volume,  al- 
though so  different  from  one  another,  are 
confused."  These  words  were  written 
more  than  a  century  ago,  and  are  very 
nearly  as  true  now  as  then.  The  subject  of. 
tonnage,  or  measurement,  may  still  be 
fairly  described  as  one  to  which  "  few  per- 
sons, not  naval  architects,  attach  any  dis- 
tinct idea ; "  and  the  want  of  better  knowl- 
edge amongst  persons  having  an  interest 
in  shipping  is  attributable,  not  to  any  in- 
herent difficulty  or  complexity  in  the  sys- 
tems of  measurement,  but  rather  to  the 
confusion  incidental  to  the  use  of  the  same 
term  "  ton  "as  a  unit  of  measurement  in 
at  least  four  different  senses.  Moreover, 
we  are  unaware  of  the  existence  of  any 
brief  description,  in  popular  language,  of 
the  various  methods  of  measuring  tonnage 
now  in  use,  although  it  is  not  uncommon 
to  hear  inquiries  after  information  of  the 
kind.  In  this  article  our  endeavor  will 
be  to  furnish  such  a  description,  which  we 
venture  to  hope  will  not  be  without  inter- 
est, especially  at  a  time  when  the  old- 
established  system  of  tonnage  measure- 
ment for  the  ships  of  the  Eoyal  Navy  has 
so  recently  been  supplemented  by  another 
and  better  method. 

The  necessity  for  some  mode  of  measur- 
ing the  sizes  of  ships,  either  for  purposes  of 
comparison,  or  of  estimating  the  cost  of 
construction,  or  of  computing  the  various 
dues  and  duties  from  time  immemorial  lev- 
ied upon  shipping,  must  have  been  felt  at  a 
very  early  period.  In  some  ancient  docu- 
ments, statements  occur  of  the  "  tonnage  " 
or  "  portage  "  of  ships ;  but  it  is  practically 


impossible  to  settle  conclusively  how  this 
tonnage  was  calculated.  There  is  reason 
to  believe  that  it  was  based  upon  some 
rough  approximation  to  the  number  of 
butts,  or  tuns,  of  wine  which  a  vessel  could 
carry,  and  that  from  this  custom  the  term 
"  tonnage  "  was  derived.  It  is  interesting 
to  note  that,  if  this  is  a  correct  view,  this 
earliest  system  of  measurement  was  based 
upon  units  of  volume,  and  not  upon  units  of 
weight ;  in  which  particular  it  resembles 
the  system  still  in  nse  for  merchant  ship- 
ping. The  number  of  butts  of  wine  that 
could  be  carried  in  the  ship  depended,  of 
course,  upon  her  capacity ;  and  it  is  natural 
to  suppose  that  at  first  this  number  would 
be  determined  tentatively.  But,  as  experi- 
ence became  more  enlarged,  there  must  have 
arisen  a  desire  to  arrange  some  better  and 
less  laborious  method  of  settling  the  ton- 
nage without  actually  stowing  the  hold ; 
and  so  some  method  of  calculation,  giving  a 
fair  approximation  to  the  carrying  power  of 
the  ship  in  terms  of  her  principal  dimen- 
sions— length,  breadth,  and  depth — must 
have  been  devised.  An  empirical  formula  of 
this  kind  once  established  in  use  would, 
doubtless,  work  satisfactorily,  and  give  very 
fair  results  so  long  as  the  types  of  ships,, 
their  forms  and  proportions,  and  their 
methods  of  construction,  remained  un- 
changed ;  but,  resting  upon  no  scientific 
basis,  it  might,  if  desired,  be  evaded  by 
various  devices,  and  might,  in  course  of 
time,  become  an  evil  which  could  not  be 
longer  borne  with. 

The  well-known  rule  for  tonnage  by 
"  Builders'  Old  Measurement "  (or,  shortly. 
B.  O.  M.)  furnishes  an  example  of  the 
preceding  statements.  Its  use  in  measur- 
ing British  shipping  can  be  traced  back  for 
centuries ;  until  1836  it  remained  established 
by  law  as  the  only  recognized  system  for 
the  merchant  service;  and,  until  a  few 
months  ago,  it  was  the  only  tonnage  me  as- 
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urement  for  H.  M.'s  ships  given  in  the 
"  Navy  List ;  "  while,  at  the  present  time,  it 
is  still  recognized  in  the  official  lists  and  re- 
turns for  both  our  own  and  the  American 
Navy.  Private  shipbuilders,  too,  still 
make  some  use  of  this  old  rule  in  estimating 
the  cost  of  ships  ;  and,  in  a  slightly  modified 
form,  it  is  employed  as  the  basis  of  meas- 
urement by  most  yacht  clubs.  Yet,  strange 
to  say,  it  is  a  most  unscientific  and  mis- 
leading method  of  calculating  tonnage,  and 
has  been  shown  again  and  a°;ain  to  be  most 
objectionable,  hampering  the  designers  of 
ships  very  seriously,  and  leading  to  the 
adoption  of  bad  forms  and  proportions. 

The  only  argument  that  can  be  advanced 
in  favor  of  the  Builders'  Old  Measurement  is 
the  shortness  and  simplicity  of  the  rule  by 
which  it  was  calculated ;  this  may  be  sum- 
marized as  follows  : 

The  length  was  taken  on  a  straight  line 
along  the  rabbit  of  the  keel  of  the  ship, 
from  the  back  of  the  main-sternpost  to  a 
perpendicular  line  from  the  forepart  of  the 
main-stem,  under  the  bowsprit.  The  breadth 
was  taken  from  the  outside  of  the  outside 
plank  in  the  broadest  part  of  the  ship,  ex- 
clusive of  any  additional  thickness  of  plank- 
ing or  doubling  strakes  that  might  be 
wrought  at  that  part.  Then  from  the  length 
was  subtracted  fths  of  the  breadth,  the 
remainder  being  termed  the  "  length  for 
tonnage."*  This  was  multiplied  by  the 
breadth,  and  their  product  by  half  the 
breadth,  and,  dividing  by  94,  the  quotient 
expressed  the  tonnage,  f 

It  would  appear  that  this  rule  was  in- 
tended to  express  two  principal  assump- 
tions :— First,  that  by  the  deductions  made 
in  finding  the  so-called  length  for  tonnage, 
allowance  was  made  for  the  fineness  of 
form  of  the  ship,  as  compared  with  the  cir- 
cumscribed parallelopipedon  ;  and,  secondly, 
that  the  depth  might  be  fairly  taken  as  one- 
half  the  breadth.  Nothing  need  be  added 
to  this  simple  statement  to  show  the  utter 
want  of  any  scientific  basis  in  the  rule  ;  it 
stands   confessedly    only    as    a     "  rule    of 


*  It  will  suffice  to  add  that  if  the  ship  was  measured  when 
afloat  a  somewhat  different  plan  was  adopted,  and  another 
small  deduction  of  3  in.  for  every  toot  of  the  load  draught  of 
water  was  made  in  estimating  the  length  for  tonnage,  this  lat- 
ter deduction  being  intended  to  allow  for  the  rake  of  the  stern- 
post. 

t  In  algebraical  language,  if  L  =  measured 
length,  B  =  breadth 

(l-4b)xbx|. 

Tonnage  B.  0.  M.  = - £ 

5  94 


thumb,"  and  could  be  evaded  with  com- 
parative ease.  Builders  and  owners,  ahke 
desirous  of  producing  ships  of  small 
nominal  tonnage  but  of  great  cargo-carry- 
ing capacity,  were  not  slow  to  perceive  that 
this  policy  required  the  use  of  raking  stern- 
posts  and  other  small  devices,  but  was,  above 
all,  favored  by  the  adoption  of  deep  and 
narrow  ships ;  and  to  this  policy  they 
sacrificed  considerations  of  safety,  behavior, 
and,  generally,  good  performance.  It  has 
been  well  said,  that  before  the  abolition  of 
the  old  law  "  the  ships  became  little  more 
than  oblong  boxes,  most  dangerous  as  sea- 
boats,  and,  from  their  want  of  stability,  not 
capable  of  carrying  sufficient  sail  to  insure 
their  safety  on  lee  shores.  Hence,  after 
every  gale  of  wind,  the  leeward  coasts  were 
covered  with  their  wrecks ;  and  hence 
Lloyd's  books  registered  annually  the  loss 
of  six  ships  in  four  days."  It  is  no  wonder 
that  in  face  of  such  disasters,  and  their 
obvious  cause,  the  tonnage  law  should  have 
been  abolished ;  but  it  may  well  appear 
strange  that  for  more  than  30  years  after  its 
abolition,  so  far  as  the  merchant  service  was 
concerned,  it  should  continue  in  use  in  the 
Royal  Navy,  and  should  still  be  the  basis  of 
the  Thames'  measurement  for  yachts. 

In  the  last-mentioned  rule  some  slight 
modifications  are  made  which  require  notice. 
The  length  is  measured  on  the  deck  from 
the  fore  part  of  the  stem  to  the  after  part  of 
the  stern  post,  and  so  any  evasion  of  the 
rule  by  raking  the  post,  as  builders  former- 
ly did  when  the  B.  0.  M.  rule  was  in  force, 
is  rendered  impossible.  The  breadth  is 
measured  at  the  broadest  part,  wherever 
found.  Then  from  the  length  is  subtracted 
the  breadth  (instead  of  -fths  the  breadth), 
and  the  length  for  tonnage  thus  determined 
is  multiplied  by  the  breadth,  their  product 
by  half  the  breadth,  and  the  quotient  of  the 
final  product  is  divided  by  91 ;  this  gives 
the  tonnage  by  Thames'  measurement  It 
is,  of  course,  obvious  that  in  the  construc- 
tions of  yachts  there  are  not  temptations  to 
sacrifice  form,  speed,  and  good  qualities  to 
mere  carrying  capacity,  such  as  formerly 
existed  in  merchant  shipbuilding  ;  the  ex- 
act reverse  is  true,  and  great  sail-carrying 
power,  necessitating  considerable  stability, 
is  a  sine  qua  non.  But,  on  the  other  hand, 
it  does  seem  a  matter  for  regret  that  a  rule 
of  measurement  so  confessedly  imperfect 
should  be  continued  in  use,  when  a  better 
might  be  found.  Into  this  matter,  however, 
we  cannot  enter  here. 
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The  Americans  also  make  use  of  a  modi- 
fication of  the  B.  0.  M.  rule  in  calculating 
the  tonnage  of  their  war-ships,  when  they 
are  of  unusual  form  like  the  monitors,  al- 
though for  their  frigates,  corvettes,  sloops, 
etc.,  they  appear  to  leave  the  old  rule  un- 
changed, just  as  has  been  the  custom  in  the 
Royal  Navy.  In  extremely  broad  shallow 
vessels,  like  the  monitors,  where  the  depth 
is  actually  much  less  than  half  the  breadth, 
the  American  designers  appear  to  use  the 
actual  depth  instead  of  the  half-breadth  in 
the  continued  product,  which,  when  divided 
by  94,  gives  the  tonnage.  This  they  ap- 
pear to  call  "  New  Tonnage,"  and  the  rule 
is  free  from  one  of  the  objections  to  which 
the  B.  0.  M.  rule  is  open ;  but  even  with 
this  modification  it  is  far  from  satisfactory, 
and  it  affords  no  fair  means  of  comparison. 

In  our  "  Navy  List,"  as  was  said  before, 
the  old  measurement  still  appears,  although 
now  not  alone.  The  fact  is  not  a  little  sin- 
gular when  it  is  remembered  that  every  one 
considers  the  merchant  service  to  have  been 
much  benefited  by  the  abolition  of  the  old 
law,  and  that  for  years  past  there  has  been 
an  almost  continual  agitation  in  favor  of  a 
change.  Sir  Spencer  Robinson  and  his 
professional  advisers  strongly  advocated 
this  course  some  years  ago,  and  exposed 
the  evil  effects  of  the  old  system.*  A  simi- 
lar course  was  recommended  by  the  pro- 
fessional witnesses  examined  by  the  recent 
Admiralty  Committee  on  Designs,  who, 
having  the  facts  before  them,  finally  report- 
ed in  favor  of  the  oft- repeated  proposal  to 
use  displacement  instead  of  Builders'  Old 
Measurement,  and  moved  the  Admiralty  to 
make  a  long  needed  change. 

It  has  been  asserted  that  the  non-exist- 
ence of  any  temptation  to  make  the  nominal 
tonnage  of  our  war-ships  small  at  the  ex- 
pense of  their  good  qualities,  has  rendered 
the  continuance  in  use  of  the  Builders'  Old 
Measurement  comparatively  harmless,  and 
there  is  doubtless  some  truth  in  this  state- 
ment. But,  on  the  other  hand,  it  cannot  be 
denied  that  the  practice  has  had  some  evil 
consequences,  especially  when  it  was  as- 
sociated with  absurd  limitations  as  to  the 
maximum  tonnage  of  ships  in  particular 
classes.  All  writers  on  our  naval  history 
appear  to  agree  that  this  fact  had  some- 
thing to  do  with  the  long-continued  supe- 
riority of  the  French  ships  to  our  own  during 


*See  the  Report  of  the  Parliamentary  Committee  of  which 
Mr.  Seely  was  chairman. 


the  latter  half  of  the  last  century,  and  it  is 
not  a  little  remarkable  that  during  the  pres- 
ent century  every  marked  change  or  im- 
provement in  the  construction  of  the  ships 
of  the  Royal  Navy  has  been  accompanied 
by  a  protest  against,  or  a  disregard  of,  the 
pre-existing  tonnage  limitations.  This  was 
especially  true  of  Sir  William  Syrnonds 
when  Surveyor  of  the  Navy ;  it  was  true 
also  of  the  Chatham  Committee  on  Designs, 
Messrs.  Read,  Chatfield,  and  Creuze  ;  it  was 
true  of  the  steam  reconstruction :  and  in 
perhaps  the  most  marked  degree  true  of  the 
iron-clad  reconstruction,  the  tonnage  of 
the  "Warrior  being  something  like  50  per 
cent,  greater  than  that  of  the  largest  steam 
line-of-battle  ships.  It  is  needless  to  add 
that  in  the  later  stages  of  the  iron-clad  re- 
construction the  use  of  this  defective  rule  of 
measurement  has  not  been  unattended  with 
difficulty.  Cases  have  occurred  where  the 
imposition  of  a  tonnage  limitation  has  ne- 
cessitated the  sacrifice  of  some  important 
quality,  without  which  the  efficiency  of  the 
type  could  not  be  considered  unimpaired  ; 
and  other  cases  are  on  record  where  the 
professional  officers  of  the  Admiralty  have 
had  to  state  plainly  that,  under  the  tonnage 
limitation  imposed,  it  was  quite  impossible 
to  obtain  all,  or  nearly  all,  that  was  desired 
in  armor,  armament,  and  speed.*  On  all 
accounts,  therefore,  it  is  a  matter  of  con- 
gratulation that  the  first  step  has  been 
taken  towards  abolishing  the  vicious  system 
of  Builders'  Old  Measurement  as  applied  in 
the  Royal  Navy. 

Resuming  our  sketch  of  the  history  of 
British  tonnage  regulations,  a  few  words 
must  be  said  respecting  the  law  which  re- 
placed the  Old  Measurement  in  1836,  and 
remained  in  force  for  nearly  twenty  years. 
The  intention  of  this  Act  was  to  obtain,  by 
actual  measurements  taken  in  the  hold  of  a 
ship,  some  idea  of  her  internal  capacity,  and 
to  make  this  the  basis  of  the  legal  tonnage. 
In  principle,  therefore,  it  resembled  the 
Tonnage  Law  which  superseded  it  in  1854, 
but  the  measurements  taken  were  very  few, 
and  the  whole  system  was  very  imperfect, 
so  that  the  shipbuilder  was  easily  able  to 
evade  the  regulations,  and  in  some  cases  is 
said  to  have  secured  a  reduction  of  10-  or  15 
per  cent,  in  the  nominal  tonnage  by  various 
simple  devices.  One  favorite  method  was 
to  work  thicker  ceiling,  or  by  other  means 

*For  cases  in  point  readers  may  refer  to  the  Parliamentary 
Papers  containing  the  Report.  Evidence,  etc.,  of  the  recent 
Committee  on  Designs. 
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to  narrow  the  ship's  hold  locally,  at  the  few 
stations  where  the  Act  required  the  meas- 
urements to  be  taken,  filling  her  out  be- 
tween. There  was  no  similar  temptation, 
however,  under  this  law  to  malform  the 
exterior  of  the  ship  herself,  such  as  existed 
under  the  preceding  rule,  and  the  contrast 
is  most  marked  when  it  is  considered  that 
the  law  of  1886,  although  faulty,  was  sound 
in  principle,  resting  upon  the  assumption 
that  the  determination  of  the  internal  capa- 
city of  a  ship  was  the  fairest  system  of 
measurement  for  all  fiscal  and  commercial 
purposes. 

It  is  interesting  to  notice  that  this  same 
principle  had  been  laid  down  150  years  be- 
fore in  the  French  "  Ordonnance  de  la  Ma- 
rine for  1681,"  which  provided  for  the  ap- 
proximate measurement  of  the  internal 
capacity  of  ships,  allowed  a  margin  of  2| 
per  cent,  on  the  result  of  the  measurement 
as  a  maximum  error,  and  stipulated  that 
42  cubic  feet  should  be  reckoned  to  the  ton. 
In  its  conception  this  old  law — probably 
long  obsolete — is  quite  as  sound  as  our  pres- 
ent Tonnage  Law,  although,  in  its  mode 
of  executing  the  measurement  of  the  inter- 
nal capacity,  it  was  far  inferior  to  the  pres- 
ent rule.  M.  Bouguer,  who  initiated  so 
many  practices  which  have  since  been  gen- 
erally adopted,  fully  realized  this  defect  of 
measurement,  and  recommended  that,  to 
insure  accuracy,  the  internal  capacity  should 
be  calculated  by  a  process  similar  to  that 
which  he  used  for  finding  the  volume  of 
displacement  for  a  ship.  Here,  strange  to 
say,  he  anticipated  Mr.  Moorsom,  the  late 
Surveyor-General  of  Tonnage,  who,  when 
it  was  a  question  of  improving  the  Tonnage 
Law  of  1836,  made  a  suggestion  similar  to 
Bouguer's,  only  still  more  accurate  in  its 
execution,  for  calculating  the  internal  capa- 
city of  ships,  in  order  to  obtain  their  ton- 
nage.* We  have  never  seen  this  fact  men- 
tioned in  any  work,  and  it  can  scarcely  fail 
to  interest  our  readers  to  know  that  the 
system  of  measurement  of  the  Tonnage  Law 
of  1854,  which  is  usually  referred  to  as  a 
novelty,  had  been  so  clearly  enunciated  a 
year  before,  although  the  fact  was  pos- 
sibly unknown  to  those  who  framed  the 
Act.  ' 

Passing  next  to  the   so-called  "  Eegister 


*  Readers  familiar  with  such  calculations  will  understand 
the  difference  between  Bouguer's  and  Moorsom's  methods, 
when  it  is  stated  that  the  former  used  the  trapezoidal  rule  and 
the  latter  one  of  Sterling's  or  Simpson's  rules  for  parabolic 
curves . 


Tonnage  "  measurement,  initiated  in  1854 
by  Mr.  Moorsom  and  his  colleagues,  and 
since  used  not  merely  in  our  own  mercan- 
tile marine,  but  also  in  that  of  many  other 
countries,  our  task  of  explanation  will  be  a 
light  one.  It  is  only  proper  at  the  outset 
to  acknowledge  most  fully  the  great  ad- 
vantges  that  have  resulted  from  the  intro- 
duction of  this  measure,  and  the  great  judg- 
ment and  foresight  displayed  by  those  who 
framed  the  regulations,  which,  with  some 
very  trifling  modifications,  have  continued 
in  use  ever  since,  and  given  general  satis- 
faction. 

Register  Tonnage  is  defined  by  Mr.  Moor- 
som as  "  simply  the  internal  capacity  of  the 
hold  of  the  ship  in  cubic  feet,  divided  by 
100  in  order  to  bring  out,  with  any  addi- 
tional spaces  built  upon  deck,  as  nearly  as 
may  be  the  aggregate  of  the  nominal  ton- 
nage of  former  laws,  so  that  the  statistical 
tonnage  of  the  kingdom  should  remain  un- 
altered, as  well  as  all  revenues  which,  from 
early  times,  may  have  been  founded  on  that 
standard.  It  is  hence  seen  that  the  nominal 
ton  of  the  present  laio  consists  simply  of 
100  cubic  feet." 

No  one  can  fail  to  understand,  in  face  of 
this  brief  and  simple  explanation,  what  is 
meant  by  a  "  ton  "  of  Register  Tonnage  ; 
but  it  would  be  difficult  for  any  one  to  in- 
terpret what  is  meant  by  a  ton  of  Builders' 
Old  Measurement  tonnage.  Besides  being 
intelligible  and  scientific,  the  new  system  of 
tonnage  measurement  has  the  advantage  of 
affording  the  shipowner  information  of 
which  he  is  constantly  in  need  ;  for,  knowing 
the  Register  Tonnage,  he  knows  also  how 
many  cubic  feet  are  available  for  stowage 
of  cargo  and  passenger  accommodation,  and 
thence  can  easily  arrive  at  the  dead-weight 
which  the  vessel  may  be  expected  to  carry 
under  ordinary  conditions  of  service.  This 
translation  of  units  of  volume  into  units  of 
weight  is  necessarily  based  upon  experience, 
for  the  very  miscellaneous  character  of  an 
ordinary  cargo,  and  the  want  of  anything 
like  uniformity  in  the  character  of  the  suc- 
cessive cargoes  carried  in  the  same  ship, 
prevent  any  mere  theoretical  estimate  from 
being  of  much  value.  Experience  shows, 
however,  that  in  ships  provisioned  and  stor- 
ed for  an  average  length  of  voyage,  about 
67  cubic  ft.  is  the  space  required  for  each 
ton  (avoirdupois)  of  cargo  carried  ;  or,  as  it 
may  be  otherwise  stated,  that  each  ton  of 
Register  Tonnage  (100  cubic  ft.)  will,  on  an 
average,  suffice  to  carry  1^  tons  weight  of 
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cargo.  On  this  experimental  fact  Mr. 
Moorsom  bases  the  following  simple  rule : 

"  To  ascertain  approximately  the  dead- 
weight cargo  which  a  ship  can  safely  carry 

on  an  average  length  of  voyage 

it  is  only  necessary  to  multiply  the  number 
of  register  tons  under  her  tonnage  deck  by 
the  factor  1^." 

This  factor  (1|)  makes  allowance  for  de- 
ductions necessary  to  be  made  for  provisions 
and  stores,  but  does  not  allow  for  the  spaces 
appropriated  to  passenger  accommodation, 
which  are  obviously  very  different  in  differ- 
ent ships,  and  must  be  separately  deducted 
in  each  case. 

The  new  system  at  first  met  with  much 
opposition,  on  the  ground  of  the  complexity 
■of  the  calculations  it  required,  and  the 
largely-increased  number  of  measurements 
which  were  made  from  each  ship.  The  ob- 
jection was  not  valid,  and  could  only  have 
been  made  by  persons  ignorant  of  the  prin- 
ciple of  calculation,  or  desirous  of  retaining 
the  power  which  they  possessed  under  pre- 
ceding regulations,  of  easily  evading  the  law. 
From  the  first,  disinterested  and  better-in- 
formed persons  were  strongly  in  favor  of 
the  new  system,  which  rendered  evasion  by 
any  small  devices  practically  impossible, 
and  removed  all  temptation  to  use  bad 
forms  and  proportions  for  the  sake  of  secur- 
ing small  nominal  tonnage  with  great 
cargo- carrying  power.  Its  beneficial  effects 
have  since  been  so  fully  proved  as  to  place 
the  matter  beyond  dispute,  and  to  render  it 
difficult  to  believe  that  such  objections  as 
those  named  above  could  ever  have  been 
made  against  a  plan  combining  accuracy 
with  simplicity  in  such  a  marked  degree. 
Its  principle  has  been  accepted,  too,  by 
most  maritime  nations  of  importance ;  and 
although  our  method  of  measurement  of  the 
internal  capacity  is  not  adopted  by  all,  the 
final  result  is  very  nearly  identical,  and  the 
capacity-ton,  or  unit  of  measurement  in  the 
merchant  navies  of  the  United  States, 
France,  Russia,  Italy,  Belgium,  Spain,  and 
Denmark,  is  in  no  case  more  than  10  per 
cent,  different  from  our  register  ton,  the 
difference  in  most  cases  being  much  less.* 

As  the  result  of  nearly  twenty  years' 
experience  of  the  working  of  the  Tonnage 
Law  of  1854,  it  would  appear  that  only  one 
important  point  is  in  dispute,  and  this  had 


*  In  the  very  valuable  work  on  "  Stowage,"  by  the  late  Mr. 
Stephens,  of  Plymouth,  some  very  interesting  information  on 
this  subject  will  be  found. 


become  manifest  twelve  years  ago,  but  has 
not  yet  been  settled,  nor  does  it  seem  ap- 
proaching settlement.  This  is  the  vexed 
question  of  "  nett"  as  distinguished  from 
"  gross"  tonnage,  especially  in  steamers, 
which  has  of  late  been  brought  into  unusual 
prominence  by  the  action  taken  by  the  Suez 
Canal  Company,  who  have  departed  from 
the  common  practice,  and  charged  dues 
upon  the  gross  tonnage  instead  of  the  nett. 

"Gross"  register  tonnage  is  the  cubic 
content  (in  units  of  cubic  ft.)  of  the  hull  of 
a  ship  and  of  every  covered-in  space  upon 
the  upper  deck  ;  "  nett"  register  tonnage  is 
intended  to  express,  in  the  same  units,  the 
cubic  content  of  the  space  actually  available 
for  remunerative  service,  the  conveyance  of 
passengers,  or  stowage  of  cargo.  In  sailing 
ships  the  difference  between  gross  and  nett 
tonnage  is  scarcely  appreciable,  the  only 
deduction  from  the  gross  being  that  for  the 
space  occupied  by  the  crew,  made  on  the 
basis  of  a  minimum  allowance  of  72  cubic 
ft.  per  man.  In  steamers,  however,  the 
case  is  very  different,  for,  in  addition  to  the 
crew-space,  deductions  are  made  for  the 
space  occupied  by,  or  required  for  the  effi- 
cient working  of,  the  machinery  ;  and  these 
deductions  are  very  considerable  indeed  in 
some  cases,  making  the  nett  tonnage,  say, 
not  more  than  60  or  70  per  cent,  of  the 
gross,  and  sometimes  much  less  than  this. 
As  an  extreme  case  we  may  refer  to  one  of 
the  Holyhead  packets,  the  Leinster, 
which,  as  is  well  known,  has  very  excep- 
tional steam  power  and  is  extraordinarily 
fast.  The  gross  register  tonnage  of  this 
vessel  is  1,382  tons,  her  nett  tonnage  is  only 
385  tons — about  28  per  cent,  only  of  the 
gross  tonnage — this  large  deduction  being 
due  to  the  great  space  occupied  by  the 
machinery.  Other  instances  are  on  record 
where  tugs,  with  very  great  engine  power, 
have,  by  means  of  the  deductions  for  the 
engine  space,  etc.,  been  made  practically  to 
have  no  tonnage,  or  to  be  within  1  per 
cent,  of  a  negative  tonnage.  These  are,  of 
course,  exceptional  types,  but  even  in  ordi- 
nary ocean-going  steamers  the  deduction 
for  machinery  space  is  very  considerable, 
and  is  by  no  means  free  from  objection. 

This  deduction,  according  to  Mr.  Moor- 
som, is  made  on  the  principle,  "  That  an 
allowance  ought  to  be  made  for  the  space 
occupied  by  the  machinery,  which  is  a  fixed 
and  serious  abstraction  from  the  capacity, 
but  not  for  fuel,  except  to  the  particular 
extent   hereinafter  mentioned,  as   fuel  can 
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only  be  considered  as  an  ever-varying  ad- 
junct for  working  the  machinery,  varying 
with  every  length  of  voyage,  in  the  same 
manner  as  the  provisions,  water,  and  stores 
for  excess  of  crew,  spare  gear,  sails,  and 
canvas,  with  various  other  items,  are  the 
necessarily  varying  adjuncts  for  working 
the  sails,  which  constitute  the  propelling 
machinery  of  sail-vessels,  and  for  which 
no  allowance  is  made  to  sail- vessels."  The 
coal  space  here  referred  to  is  that  on  each 
side  between  the  machinery  and  the  ship's 
sides,  which  from  its  situation  was  con- 
sidered unfit  for  any  other  purpose,  such  as 
the  stowage  of  cargo.  With  the  intention 
of  preventing  unnecessary  enlargement  of 
the  machinery  space  in  order  to  decrease 
the  tonnage,  it  was  provided  in  the  Act  of 
1854  that,  subject  to  the  approval  of  both 
the  Customs  authorities  and  the  shipowner, 
instead  of  actually  measuring  the  machinery 
space,  etc.,  it  should  be  allowed  for  by  cer- 
tain percentages  on  the  gross  tonnage ;  and 
at  the  present  time,  after  various  emenda- 
tions and  alterations  of  this  part  of  the  law, 
we  believe  the  regulations  stand  much  as 
when  they  were  first  issued.  This  is  rather 
to  be  wondered  at,  seeing  that  the  "  anoma- 
lous workings"  of  the  system  of  percentages, 
and  the  possible  evasions  of  the  intention  of 
the  Act  which  resulted,  were  frankly  ac- 
knowledged by  Mr.  Moorsom  in  1860  ;  his 
recommendation  then  being  that,  instead 
of  making  a  percentage  allowance,  actual 
measurement  of  the  engine-room  should  be 
had  recourse  to,  provision  being  made  to 
prevent  the  undue  extension  of  that  space. 
It  shoiild  be  added  that  in  the  Merchant 
Shipping  Code  introduced,  but  not  passed, 
last  year,  regulations  were  embodied  prac- 
tically carrying  out  Mr.  Moorsom's  sugges- 
tion ;  and  it  may  fairly  be  assumed  that 
these  regulations  sum  up  the  result  of 
official  experience  during  the  time  the  Act 
of  1854  has  been  in  force.  In  this  code  it 
was  provided  also  that,  except  in  the  case 
of  tugs,  the  deduction  for  engine-space,  etc., 
should  not  exceed  50  per  cent,  of  the  gross 
tonnage  ;  actual  measurements  being  made 
of  the'  volumes  of  engine  and  boiler-rooms, 
coal-bunkers,  shaft-passages,  funnel-casings, 
etc.,  for  the  deduction  in  cases  where  this 
limit  was  not  reached.  This  alteration  will 
undoubtedly  commend  itself  to  the  minds  of 
most  persons  interested  in  the  subject,  who 
consider  that  allowance  should  be  made  for 
the  space  occupied  by  machinery,  or  there- 
by rendered  unfit  for  cargo. 


On  this  last-named  point  opinions  are 
however,  far  from  being  identical.  From 
the  first  introduction  of  steamers  there  have 
not  been  wanting  high  authorities  who 
disputed  the  fairness  of  making  any  such 
allowance  to  steamers,  and  favored  the 
course,  now  put  into  practice  by  the  Suez 
Canal  Company,  of  taking  gross  register 
tonnage  as  the  basis  of  computing  Customs 
and  other  duties.  The  balance  of  opinion 
is  undoubtedly  on  the  other  side,  and  gen- 
eral practice  sanctions  the  soundness  of  the 
view  that  only  the  commercially-remunera- 
tive space,  available  for  cargo  or  passengers, 
should  be  charged  with  dues  or  duties.  At 
the  same  time  it  cannot  be  denied  that,  from 
the  point  of  view  of  the  proprietary  of  docks, 
canals,  or  other  establishments  furnishing 
accommodation  to  shipping,  there  must  ap- 
pear great  anomalies  in  the  common  system 
of  charge.  The  accommodation  which  a  ship 
requires,  the  space  she  occcupies,  and  the 
difficulty  of  moving  and  handling  her,  all 
depend  upon  her  external  dimensions  and 
size,  whicn  are  obviously  not  so  well  indi- 
cated by  the  nett  register  tonnage  as  by  the- 
gross.  For  example,  taking  a  sailing  ship 
and  a  steamer  each  of  1,400  or  1,500  tons  ' 
burden  by  nett  measurement,  it  would  be 
found  that  the  gross  measurement  of  the 
steamer  would  be  quite  2,000  or  2,100 
tons  if  she  were  full-powered,  while  the 
gross  measurement  of  the  sailing  ship  would 
differ  but  little  from  the  nett.  There  can 
be  no  question,  we  think,  that  the  system 
can  scarcely  be  regarded  as  perfect  which 
would  only  require  the  same  payment  for 
the  accommodation  in  a  dock  or  in  a  canal 
of  these  two  ships,  differing  as  they  must 
do  greatly  in  their  size,  weight,  and  hand- 
iness. 

Nor  can  it  be  denied  that,  while  the  use 
of  steam-propulsion  necessitates  a  very 
considerable  decrease  in  the  cargo-carrying 
power  of  a  ship,  it  is  by  no  means  an  un- 
mixed disadvantage.  Less  cargo  is  carried, 
but  the  transit  is  more  rapid,  a  much  higher 
rate  of  freight  is  obtained  in  consequence, 
and,  in  very  many  instances,  a  remunera- 
tive passenger  traffic  is  secured  besides. 
These  advantages  are,  of  course,  attended 
by  largely  increased  working  expenses,  much 
larger  original  outlay  on  ship  and  ma- 
chinery, and  greater  cost  of  maintenance  ; 
and  it  would  not  be  easy  to  say  how  far 
these  additional  charges  counterbalance  the 
before-mentioned  gains.  One  broad  fact, 
however,  seems  unquestioned — viz.,  that,  on 
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the  whole,  steam-ships  are  more  profitable 
investments  than  sailing-ships,  and  are  still 
gaining  on  the  old  class,  even  for  the  most 
distant  services.  May  it  not  be  fairly  in- 
ferred, then,  that  the  additional  expenses 
incurred  in  building  and  working  steamers 
do  not  entirely  swallow  up  their  additional 
earnings  during  their  after-service  ?  And 
may  not  this  indicate  that  the  generally- 
received  opinion,  that  the  space  occupied  by 
machinery  is  not  commercially  remunerative, 
is  at  least  open  to  doubt  ? 

Register  tonnage  is  the  legal  mode  of 
measurement  for  all  British  merchant  ship- 
ping and  when  once  ascertained  for  any 
vessel,  it  is  cut-in  on  one  of  the  main  beams, 
or  otherwise  permanently  marked  in  some 
prominent  place.  Merchants  and  ship- 
owners make  common  use,  however,  of 
another  unit  of  measurement,  which  may 
be  alluded  to  in  passing — viz.,  the 
"  freight-ton,"  or  unit  of  "  measurement- 
cargo,"  which  is  also  used  in  connection 
with  Admiralty  store-ships  and  yard  craft. 
This  simply  amounts  to  40  cubic  ft.  of  the 
internal  space  available  for  cargo  ;  and  so 
the  freight  tonnage  can  readily  be  found 
from  the  register  tonnage.  For  this  pur- 
pose, Mr.  Moorsom  gives  the  following 
simple  rule  : 

"  To  ascertain  approximately,  for  an 
average  length  of  voyage,  the  measure- 
ment cargo,  at  40  ft.  to  the  ton,  which  a 
ship  can  carry  .  .  .  multiply  the  number  of 
register  tons  contained  under  her  tonnage 
deck  ...  by  the  factor  1-|,  and  the  pro- 
duct will  be  the  approximate  measurement 
cargo  required." 

This  factor,  1-J,  is  so  chosen  as  to  allow 
for  provisions,  stores,  etc.,  but  it  does  not 
allow  for  passenger  space,  which  must  be 
separately  deducted.  This  freight-ton  is, 
of  course,  a  purely  arbitrary  measure ; 
but  it  has  a  definite  meaning,  and  is  of 
considerable  service  in  the  stowage  of 
ships. 

Some  persons  entirely  disapprove  of  the 
employment  of  any  system  of  measurement 
by  internal  capacity,  on  the  ground  that  it 
introduces  unnecessary  confusion  into  the 
use  of  the  terms  "  ton  "  and  "  tonnage ;"  as 
an  alternative,  they  advocate  the  adoption 
of  so-called  "  dead- weight  "  measurement 
— that  is  to  say,  would  express  the  tonnage 
of  a  ship  by  the  number  of  tons- weight  of 
cargo  carried.  Such  a  scheme  admits  of 
being  applied  in  either  of  two  ways  :  first, 
to  fix  the  maximum  load  draught  line, 
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beyond  which  the  vessel  is  not  to  be  im- 
mersed, and  then  to  estimate  the  displace- 
ment, in  tons  avoirdupois,  between  this  fine 
and  the  light  draught  line,  at  which  the 
vessel  floats,  when  she  has  no  cargo  on 
board  ;  second,  to  allow  the  tonnage  to  vary 
according  to  the  amount  of  cargo  embarked, 
estimating  its  weight  by  means  of  an  offici- 
ally guaranteed  curve  of  displacement  for 
each  ship,  on  which  the  light  draught-line 
should  be  marked,  and  the  actual  draught 
at  any  time  could  be  set  off  readily.  These 
suggestions  have  the  recommendation  of 
great  apparent  simplicity,  but  are  open  to 
many  serious  objections.  For  example, 
their  adoption  would  entirely  revolutionize 
the  nominal  aggregate  tonnage  of  the  Brit- 
ish mercantile  marine  ;  and  this  would  be 
no  small  evil,  as  is  proved  by  the  fact  that 
all  previous  changes  in  the  law  have  been 
intentionally  so  made  as  to  leave  the  aggre- 
gate tonnage  unchanged,  the  arbitrary  divi- 
sors being  so  chosen  as  to  give  this  result 
very  nearly.  As  to  the  second  mode  of 
using  this  dead- weight  tonnage,  little  need 
be  said.  There  are  obvious  objections  to 
having  a  varying  tonnage  for  every  ship, 
and  it  would  open  the  way  to  possible 
evasions  and  disputes.  Nor  is  the  first 
mode  more  likely  to  commend  itself,  for  it 
necessitates,  first  of  all,  the  fixing  of  the 
loadline  for  each  ship,  and  thus  opens  up  a 
wide  field  for  discussion,  embracing  the 
disputed  question  of  freeboard  in  its  relation 
to  breadth  and  depth,  as  well  as  interfering 
with  the  freedom  of  private  enterprise  to  an 
extent  which  has  never  yet  been  sanctioned. 
On  the  whole,  therefore,  it  seems  preferable 
to  continue  the  use  of  the  present  Register 
Tonnage  Measurement  for  all  merchant 
shipping ;  the  internal  capacity  being  a 
fixed  and  ascertainable  quantity,  regulating 
the  amount  of  cargo  that  can  ordinarily  be 
stowed,  and  governing  the  stowage  far  more, 
under  most  circumstances,  than  any- 
thing besides.  At  the  same  time,  as  was 
said  above,  there  is  room  for  further  im- 
provement in  the  determination  of  the 
assessable  tonnage'of  steamers,  and  the  sub- 
ject should  receive  prompt  attention. 

War-ships  differ  froni  merchant-ships  in 
one  most  important  feature,  which  has  a 
great  influence  upon  the  determination  of 
the  system  of  measurement  which  can  be 
fairly" applied  to  them — viz.,  that  they  are 
designed  to  carry  certain  maximum 
weights,  and  to  float  under  those  circum- 
stances at  a  fixed  draught,  while  merchant 


626 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


ships  have  no  corresponding  load-line  fixed 
as  a  maximum  during  the  progress  of  the 
design.  Persons  who  recommend  that,  in 
designing  merchant  ships,  the  maximum 
draught  should  be  fixed  and  the  load-line 
marked  on  the  ship,  forget  that,  under  the 
very  various  conditions  of  stowage  to  which 
the  vessel  might  be  afterwards  subjected, 
cases  might  occur  where  she  might  be  un- 
safe even  at  a  lighter  draught  than  the  de- 
signer had  fixed  upon,  or  might  be  safe  at 
a  deeper  line.  But  in  a  war-ship  the  deep 
load-hne  can  be,  and  must  be,  determined, 
at  an  early  stage  of  the  design,  in  order 
that  the  height  of  guns  above  water,  the 
draught  and  trim,  may  be  secured  by  the 
detailed  arrangements  afterwards  made. 
Hence  for  any  given  war-ship,  the  load- 
displacement  is  a  fixed  quantity,  and  can 
be  fairly  used  as  a  measure  of  size  and 
means  of  comparison.  This  load-displace- 
ment, equalling  the  total  weight  of  the 
ship  and  all  she  carries,  equals  also  the 
weight  of  the  volume  of  water  required  to 
fill  the  space  occupied  by  the  immersed 
part  of  the  ship  when  floating  at  rest  in 
still  water.  It,  and  it  only,  furnishes  a 
fair  means  of  comparison  between  vastly 
different  types  of  war-ships.  Begister  ton- 
nage is  here  inapplicable,  for  it  would  give 
little  or  no  idea  of  the  relative  size  of,  say, 
a  frigate  and  a  monitor ;  and  it  would  be 
of  little  service  to  compare  the  volumes  of 
their  internal  capacity,  seeing  that  in  ships 
of  war,  especially  in  armored  ships,  the 
weights  carried  are  so  greatly  concentrated 
either  upon  the  decks,  the  sides,  or  in  com- 
partments of  the  hold.  In  short,  war-ship 
design,  while  not  independent  of  considera- 
tions of  the  internal  space,  is  far  more  de- 
pendent upon  considerations  of  buoy- 
ancy. 

The  vital  question  is  rather,  can  the 
weights  be  carried  on  the  displacement, 
than  can  room  be  found  to  stow  them? 
The  problem  to  be  solved  by  the  designer 
is,  having  given  the  displacement,  to  pro- 
duce the  best  possible  structural  arrange- 
ments so  as  to  associate  a  minimum  weight 
of  hull  with  the  necessary  strength  and 
safety,  and  to  obtain  the  largest  possible 
percentage  of  the  displacement  for  distribu- 
tion in  the  offensive  and  defensive  powers, 
the  propelling  apparatus  and  the  general 
equipment  of  the  vessel,  in  order  to  make 
her  a  thoroughly  efficient  fighting  ma- 
chine. 

The  mere  statement  of  the  displacement, 


of  course,  affords  no  means  of  ascertain- 
ing the  degree  of  efficiency  attained ;  that 
requires  further  and  careful  investigation, 
respecting  which  nothing  can  now  be  said. 
All  that  the  displacement  represents  is  the 
sum  total  of  the  weights  of  ship  and  lad- 
ing, and  in  the  determination  of  the  re- 
lative proportions  of  the  different  items  in 
that  sum  the  skill  of  the  designer  is  mani- 
fested. 

This  mode  of  measurement  has  long 
been  in  use  for  the  war-ships  of  France 
and  other  Eurorjean  countries.  It  has  long 
been  recommended  for  adoption  instead  of 
the  Builders'  Old  Measurement,  retained 
until  quite  recently  as  the  exclusive  ton- 
nage measurement  in  our  "Navy  List,"  and 
has  at  length  been  adopted.  The  change, 
although  tardy,  cannot  fail  to  be  beneficial, 
and  we  trust  will  speedily  result  in  the  en- 
tire disappearance  of  the  absurd  and  mean- 
ingless builders'  measurement.  The  Con- 
structive Department  at  the  Admiralty  will, 
in  future,  be  able  to  work  more  freely,  and 
to  choose  proportions  such  as  commend 
themselves  as  the  best  under  the  circum- 
stances of  each  case,  without  having  to 
fear  the  misconception  of  persons  who,  ig- 
norant of  the  defects  of  the  old  rule,  and 
looking  only  at  its  numerical  results,  were 
liable  to  the  mistake  that  the  builders' 
tonnage  was  a  fair  means  of  comparison 
between  different  ships. 

Summing  up  the  preceding  description, 
it  will  be  found  that  there  are  at  present 
four  different  units  of  tonnage  measure- 
ment in  use. 

I.  The  Ton  of  Builders'  Old  Measure- 
ment, an  arbitrary  measure  having  no  defi- 
nite or  intelligible  meaning. 

II.  The  Ton  of  Register  tonnage,  equiv- 
alent to  100  cubic  feet  of  the  space 
available  for  the  stowage  of  cargo  and 
passenger  accommodation  in  merchant 
ships. 

III.  The  Ton  of  Freightage  or  Meas- 
urement cargoes,  equivalent  to  40  cubic 
feet  of  the  cargo  space  of  a  ship. 

IV.  The  Ton  (avoirdupois  weight)  of 
Displacement,  equivalent  to  35  cubic  feet 
of  the  volume  of  sea  water  displaced  by 
the  ship  when  floating  at  rest. 

All,  except  the  first,  are  useful  and  in- 
telligible measures,  and  are  not  likely  to 
fall  out  of  use  ;  but  the  builders'  measure- 
ment is  not  merely  useless,  but  mis- 
chievous, and  cannot  be  too  soon  abol- 
ished. 
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By  J.  McFARLANE  GRAY,  Mem.  Inst.  M.  E.  and  X.  A. 
From  the  "  Nautical  Magazine." 


Manufacturing  engineers  are  under  the 
impression  that  it  is  a  Board  of  Trade 
regulation  that  the  area  of  the  locked  up 
safety  valve  shall  be  not  less  than  half  a 
square  inch  for  each  square  foot  of  fire- 
grate. The  only  regulation  with  reference 
to  area  of  valve  is  the  clause  in  the  Mer- 
chant Shipping  Act,  requiring  that,  "  if  such 
valve  is  in  addition  to  the  ordinary  valve,  it 
shall  be  so  constructed  as  to  have  an  area 
not  less,  and  a  pressure  not  greater,  than 
the  area  of  and  pressure  on  that  valve." 
Beyond  this  the  surveyor  is  quite  unhamper- 
ed in  his  consideration  of  the  sufficiency  of 
area  of  valve,  and  of  its  general  fitness  for  the 
purpose  for  which  it  is  intended.  The  ob- 
ject of  having  the  pressure  not  greater  than 
on  the  other  valve,  is  that  the  lock  up 
valve  may  be  the  first  to  open,  and  so  by  its 
frequent  action  the  engineer  may  know 
whether  it  is  in  working  order.  This  re- 
gulation was  more  necessary  before  than  it 
is  now  ;  at  first  lock  up  valves  were  so  put 
out  of  the  control  of  the  engineer,  that  he 
could  neither  turn  them  nor  "  ease  "  them 
when  steam  was  up.  "  To  be  out  of  the 
control  of  the  engineer  "  is  now  very  prop- 
erly interpreted  to  be  in  every  respect,  ex- 
cept overloading,  quite  under  the  engineer's 
control,  to  turn  them  about  on  their  seat,  or 
to  lift  them  by  hand  as  required. 

The  Act  indicates  the  minimum  of  area 
of  the  valve  as  that  which  manufacturers 
had  found  to  be  sufficient  for  the  purpose. 
It  was  to  be  not  less^than  the  ordinary  valve  ; 
a  common  rule  was  half  an  inch  of  valve 
area  to  a  foot  fire-grate,  and  the  Board  did 
not  make  a  rule  to  hamper  a  changing  in- 
dustry, but  they  permitted  their  surveyors 
to  approve  of  what  the  manufacturers  had 
themselves  found  to  be  satisfactory. 

For  steamers  large  safety  valves  for 
high  pressures,  and  loaded  with  weights, 
are  open  to  several  objections.  First,  when 
the  vessel  rolls,  the  valve  spindle  is  in- 
clined, and  the  effective  load  is  reduced  just 
in  the  proportion  that  the  vertical  height  of 
the  inclined  spindle  is  less  than  its  height 
when  upright.  If  the  pressure  of  steam 
carried  is  near  to  the  loaded  pressure,  there 
is  a  wasteful  loss  of  steam  when  the  vessel 
is  lying  over. 

Second,  when  the  vessel  is  pitching,  the  ' 


effective  loading  of  valve  is  increased  when 
that  part  of  the  vessel  containing  the  boiler 
is  describing  the  lower  half  of  its  pitching 
movement,  and  it  is  diminished  while  the 
upper  half  of  that  movement  is  being  de- 
scribed. Place  a  weight  on  the  palm  of 
your  hand,  raise  and  lower  it,  and  you  will 
perceive  the  difference  of  load.  And  so 
does  the  steam,  for  the  rising  and  falling  of 
the  vessel  changes  the  safety  valve  into  a 
pump,  again  wastefully  discharging  steam 
into  the  atmosphere. 

Thirdly,  it  is  difficult  to  keep  a  safety 
valve  in  good  order  when  there  is  half  a 
ton  of  weights  on  it.  The  valve  must 
necessarily  be  free  in  its  seat,  and  every 
roll  the  weights  move  the  valve  a  little  to 
that  side,  and  then  back  to  the  other  side, 
wearing  the  face  unequally. 

Fourthly,  the  half  ton  of  weights  piled 
on  the  top  of  the  safety  valve  in  a  locked 
up  casing,  sometimes  necessarily  in  a  not 
very  accessible  corner,  renders  inspection 
difficult,  and  "  touching  up"  often  unsatis- 
factory. 

These  drawbacks  have  been  felt  from  the 
first,  but  while  the  pressures  were  only 
about  15  lbs.  per  sq.  in.,  they  were  borne 
without  much  complaining.  Pressures  are 
now  getting  on  to  the  1U0  lbs.,  and  with 
increasing  pressure  these  inconveniences 
have  grown  to  be  serious  evils. 

The  remedy  for  the  safety  valve  difficulty 
has  been  sought  in  five  directions. 

First.  The  number  of  safety  valves  has 
been  in  some  cases  reduced,  it  having  been 
found  that  keeping  one  valve  in  order  is 
less  expense  than  maintaining  two  of  half 
the  area  each.  Even  in  passenger  steamers 
now,  sometimes  a  large  single  boiler,  carry- 
ing high  pressure,  has  only  one  safety 
valve. 

Second.  Instead  of  having  an  ordinary 
in  addition  to  the  lock  up  valve,  the  re- 
quired area  of  valve  for  each  boiler  has 
been  put  into  two  lock  up  valves,  but 
so  constructed  that  they  can  be  "eased" 
or  lifted,  only  not  loaded  when  steam 
is  up. 

Third.  The  prescribed  total  amount  of 
valve  area  has  been  called  in  question,  as 
being  unnecessarily  large  for  high  pressures, 
it  being  admitted  that  steam  of  high  pres- 
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sure  will  escape  through  the  same  opening 
faster  than  steam  of  a  lower  pressure. 

Fourth.  Instead  of  direct  loading,  in- 
direct by  lever  and  smaller  weight  has  been 
introduced. 

Fifth.  The  Board  of  Trade  have  been 
asked  to  allow  springs  to  be  substituted  for 
the  dead  weights  in  the  loading  of  locked 
up  safety  valves. 

I  will  dispose  of  the  first  and  second  of 
these  plans  by  saying  that  I  consider  the 
first  as  hazardous,  and  the  second  as  quite 
justifiable.  My  present  object  is  to  deal 
with  the  third,  fourth,  and  fifth  of  these 
proposed  remedies.  I  purpose,  as  far  as  I 
can,  to  thoroughly  discuss  the  subject  in  all 
its  aspects,  and  for  the  first  time,  I  believe, 
to  expose  the  behavior  of  escaping  steam. 
I  will  endeavor  to  write  what  I  have  to  say 
in  sentences,  or  to  exhibit  it  in  diagrams, 
instead  of  condensing  it  into  formulae.  But 
some  parts  of  the  subject  can  be  explained 
only  by  the  use  of  the  higher  mathematics ; 
I  will  do  what  I  can  to  put  these  in  their 
simplest  form,  and  should  any  reader,  really 
anxious  to  follow  me,  come  to  a  dead  lock, 
if  he  writes  to  me  I  will  try  to  remove  the 
obstacle. 

THE    AREA    OF    SAEETV    VALVES. 

The  manufacturers'  rule  at  present  is  half 
an  inch  to  1  ft.  of  fire-grate.  What  relation 
is  there  between  that  and  the  physical  re- 
quirements of  the  case  ? 

Evidently  the  first  step  brings  us  to  this, 
that  half  an  inch  of  area  of  valve  has  to 
give  free  escape  to  all  the  steam  that  can  be 
raised  from  the  consumption  on  1  sq.  ft. 
of  fire-grate.  What  is  that  consumption  ? 
For  our  purpose  I  will  take  a  high,  but  not 
uncommon  rate  of  consumption,  2-4  lbs.  of 
coal  per  hour  per  sq.  ft.  of  fire-grate.  For 
the  steam  raised,  say  10  lbs.  of  steam  per 
pound  of  coal.  This  might  be  too  high 
were  we  dealing  with  probable  efficiency  of 
fuel  as  steam  in  the  engine,  but  in  our  case 
we  have  to  deduct  no  losses. 

We  have  then  240  lbs.  of  steam  per  hour 
to  pass  through  a  half-inch  area  of  valve. 
But  we  will  find  it  more  manageable  to  deal 
with  one  second  only,  and  that  will  be  /^ 
=js  of  a  pound  of  steam  per  sq.  ft.  per  sec- 
ond, or  4  lbs.  per  minute.  (In  round  num- 
bers we  may  remember  that  from  each  foot 
of  fire-grate  there  can  be  raised  one  oz.  of 
steam  per  second.) 

We  know  then  how  fast  we  can  make  the 
steam  ;  we  must  find  out  now  how  fast  we 


can  get  rid  of  it.  I  have  further  on  de- 
duced from  Joule's  equivalent  the  formulte 

I  must  now  use.  The  first  is,  that  the 
weight  of  common  dry  steam  that  will  xDass 
through  an  opening  one  square  inch  area  is 
when  the  steam  is  above  11  lbs.  pressure, 

P  9705 
W  =  _'       .    For  steam  of  100  lbs.  pressure 

above  zero  this  eives  W=  ,  ^ ,_ . 

For  50  lbs.  it  gives  a  divisor  68.40,  and 
for  200  lbs.  pressure  it  gives  71.256.  Or 
say  for  any  pressure  above  26  lbs.,  that  is 

II  lbs.  above  the  atmosphere,  the  weight  of 
steam  escaping  per  sq.  in.  of  opening  per 
second  is  Tx5  of  the  gross  pressure  of  the 
steam  in  boiler  in  pounds  per  sq.  in.  This 
divisor  has  been  also  arrived  at  by  Professor 
Bankine  as  a  deduction  from  an  indepen- 
dent investigation.  For  the  true  principles 
of  the  escape  of  steam  we  are  indebted  to 
Mr.  B.  D.  Napier's  experiments,  which  I 
will  discuss  in  detail  in  my  treatment  of  this 
subject. 

Steam  of  55  lbs.  by  gauge  is  55— j— 15=70 
lbs.  pressure  above  zero,  and  as  it  is  always 
the  total  pressure  which  has  to  be  dealt 
with  in  discussing  the  properties  of  steam, 
we  find  that  from  this  pressure  1  lb.  of  steam 
per  second 

P       55 +  15  _\ 


W: 


70 


70 


will  pass  through  an  opening  of  1  in.  area 
in  one  second.     Through  the  half-inch  al- 
lowed per  foot  of  fire-grate  there  will  escape 
■p 

—  per  second.  If  the  steam  be  55  lbs.  by 
170  ^ 

gauge,  that  will  be  half  a  pound  of  steam 
per  second.  But  for  every  half  inch  of  valve 
there  is  only  1  ft.  of  fire-grate,  and  only  -^ 
of  a  pound  of  steam  per  second.  The  half- 
inch  opening  is  therefore  not  required,  and 
most  certainly  will  never  be  used;  the  valve 
will,  in  this  case,  never  open  further  than  to 
T2?  of  the  prescribed  area.  For  a  general 
expression  we  have  this :  The  proportion 
of  full  area  to  which  the  valve  will  open  to 
allow  all  the  steam  to  escape  will  be 

The  steam  raised  per  second  per  foot 
The  steam  escaping  per  second  per  hall-incil 

15  *  104  —  P  " 

For  steam  78  lbs.  by  gauge  we  have  the 
area  of  opening 


9i 


=  Ith 


78+15         10 
of  the  area  of  the  valve,  and  for  steam  32  lbs. 
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by  gauge  we  have  the  area  of  opening 
94-  1 

=  32  +  15  =    Jth 

of  the  area  of  valve.  "When  a  valve  opens 
(not  lifts,  but  opens)  one- fourth  of  its  diam- 
eter the  area  of  opening  is  equal  to  the  area 
of  valve.  This  happens  because  the  area  of 
a  circle  is  the  circumference  multiplied  by 
half  the  radius,  which  is,  of  course,  equiva- 
lent to  an  opening  all  round  the  circumfer- 
ence, and  of  a  breadth  equal  to  one-fourth 

of  the   diameter.     Our   expression 

fraction,  say  one-fifth  or  one-tenth.    If  then 

we  multiply  —  by  this  fraction,  we  will  get 

the  breadth  of  opening  really  necessary  to 
.allow  the  steam  to  escape.     It  will  be 

4  A  p  -  p- 

This  is  opening,  not  lift.  Safety  valves 
are  generally  made  with  conical  bearing 
surfaces  bevelled  to  45  deg. ;  for  these  the  lift 
is  to  the  opening  as  ten  to  seven,  therefore 

2JJD 
P 

is  the  lift  required.  For  example,  a  valve 
3  in.  diameter  for  steam  85  lbs.  by  gauge 
would  have  to  lift 


10      10  D 
X  7  —  3P 


10         3  in. 
3  X  85  +  15 : 


:  - — •  =  one-tenth  of  an  inch 
1U0 


to  allow  the  steam  to  escape  as  fast  as  it 
could  be  produced.  Of  course  I  mean  that 
the  valve  has  one  half-inch  of  area  for  each 
square  foot  of  fire-grate. 

This  seems  to  be  a  very  small  lift,  and  it 
is  this  fact  which  has  led  to  the  proposal  to 
reduce  the  area  allowed,  and  to  use  a 
greater  range  of  lift. 

Safety  valves  are  intended  not  only  to  al- 
low the  steam  to  escape  as  fast  as  it  is 
made,  but  to  do  so  without  allowing  of  any 
material  increase  of  the  pressure  in  the 
boiler  beyond  that  for  which  the  valve  is 
loaded.  It  is  evident  that  to  lift  the  valve 
at  all,  the  internal  pressure  must  exceed 


the  pressure  of  load.     To  what  extent  will 
that  excess  reach  when  the  safety  valve  has 

opened  —^-  or  if  conical  has  lifted  -3-p-  ? 

This  lift  is  that  required  under  the  most 
favorable  conditions,  with  perfectly  dry 
steam,  and  with  the  best  form  of  outlet. 

It  may  be  thought  I  am  here  a  special 
pleader  for  small  valves.  I  am  stating  the 
case  as  I  find  it,  I  think  impartially ;  the 
above  are  theoretical  deductions,  and  should 
be  reconcileable  with  the  following,  a  prac- 
tical result. 

I  this  day  experimented  on  two  factory 
boilers,  connected.  Total  fire-grate  26  sq.  ft. 
area  with  4  safety  valves  loaded  by  lever 
and  weight  in  the  common  way  to  51  lbs. 
pressure.  Each  valve  is  3  in.  diameter,  and 
therefore  the  area  of  the  valve  is  more  than 
double  the  half-inch  per  foot  of  fire-grate, 
being  28  sq.  in.  for  26  sq.  ft.  of  fire-grate. 
All  the  valves  were  in  fair  working  order. 
Arranged  to  have  good  fires  before  the  din- 
ner hour. 

Pressure  in 
lbs. 
1  p.  m.         48     Engine  stopped. 
1  h.  1  m.     50     Safety  valves  all  breathing. 
1  "  2  "       51i;  Valves  all  blowing. 
1  "  4  "       55     Valves  blowing  strong. 
1  "  5  "       53     Steam  escaping  prevents  mark- 
ing lift. 
1  "  7  "       60     Can  hardly  see  gauge  for  steam. 

Pressure  was  evidently  still  rising  fast. 
We  then  opened  the  furnace  doors,  shut  the 
dampers,  eased  one  of  the  valves,  and  start- 
ed the  engine  to  reduce  the  pressure. 

Pressure  in  lbs. 
1  h.  12  m.  58  Steam  clearing  away. 

1  "  15  "  50  Engine  working. 

The  impression  made  upon  all  present  is 
that  these  boilers  have  not  too  much  area  of 
valve.  Had  we  taken  out  the  levers  and 
pins  and  carefully  cleaned,  eased,  and  oiled 
the  joints,  the  result  might  have  been  dif- 
ferent. But  the  trial  was  a  fair  one.  the 
gear  was  in  fair  ordinary  working  order, 
and  the  valves  worked  about  equally. 
There  was  no  blast. 


SUSPENDED   RAILWAYS. 


From   "The  Enarineer. "' 


A  suspended  railway  may  be  defined  as  ;  surface  of  the  country  traversed,  on  points 
one  the  permanent  way  of  which,  instead  of  I  of  support  more  or  less  distant  from  each 
being  sustained  directly  by  the  ground,  is  other.  The  elements  of  such  a  road  may 
carried   at   some  height  above  the  natural  |  be  found  in  an  inclined  wire  rope  stretched 
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from  the  face  of  a  precipice  to  the  valley 
below,  down  which  baskets  loaded  with  ore 
are  transported,  as  may  be  seen  in  some 
mining  districts.  In  another,  and  in  some 
sense  more  complete  form,  it  is  to  be  found  in 
the  tree  roads  of  one  or  two  of  the  densely 
wooded  islands  of  the  Indian  seas.  The  jun- 
gle being  impassable  at  the  level  of  the 
ground,  the  natives  cut  down  long  trees, 
and  support  them  on  posts  consisting  of  the 
stumps  of  other  trees  felled  high  up.  These 
tree  roads,  we  are  told,  in  some  cases  run  for 
miles  from  the  sea-shore  inland,  and  they 
are  readily  traversed  by  the  natives  walking 
in  single  file,  although  they  would  present 
considerable  difficulties  to  a  European.  The 
principle  involved  appears  to  possess  consid- 
erable merit,  and  some  dozen  schemes  for 
suspended  railways  have  been  brought  be- 
fore the  world  both  in  this  country  and  in 
the  United  States  within  the  last  few  years. 
As  is 'their  wont,  certain  engineers  have  con- 
demned the  idea  involved  in  no  very  measur- 
ed terms,  principally  because  it  strikes  them 
as  impracticable  ;  but  we  think  suspended 
railways  have  too  many  features  to  recom- 
mend them,  to  justify  us  in  dismissing  them 
without  examination. 

An  immense  proportion  of  the  cost  of 
railways  is  due  to  the  construction  of  earth- 
works, such  as  embankments,  cuttings,  and 
tunnels.  Certain  districts  are  so  unfavora- 
able,  indeed,  for  the  construction  of  railways 
as  to  render  it  impossible  to  make  them 
except  at  a  cost  which  would  be  simply 
ruinous.  Under  the  most  favorable  circum- 
cumstances,  however,  it  is  impossible  to 
construct  a  railway  by  laying  the  sleepers 
directly  on  the  natural  surface  of  the  soil. 
A  certain  amount  of  earthwork  must  be 
executed,  and  when  earthwork  is  reduced 
to  a  minimum  the  railway  is  invariably  un- 
even, abounding  in  short  inclines  of  varying 
steepness.  In  the  case  of  the  suspended 
railway  there  are  practically  no  earthworks 
whatever.  In  its  simplest  form  the  track 
consists  of  one  rail  siipported  on  timber 
posts  or  piles  driven  into  the  ground,  and 
cut  off  to  such  a  length  that,  however  irreg- 
ular the  surface  of  the  ground  may  be,  the 
line  will  either  be  quite  level  or  laid  to  a 
regular  gradient  conforming  to  the  face  of 
the  country.  We  may  have  at  one  point  a 
post  driven  in  a  hollow,  and  consequently 
rising  25  ft.  or  30  ft.  from  the  surface  of  the 
soil,  while  within  20  yards  of  it  at  each  side 
may  be  found  posts  rising  not  more  than  5 
ft.  or  6  ft.     The  vertical  lines  in  any  section 


showing  the  levels  of  a  line  of  railway  will 
represent  the  posts  very  well  if  we  turn  the 
section  upside  down,  the  datum  line  then 
representing  the  level  of  the  track.  Of 
course  it  will  be  understood  that  in  practice 
no  attempt  would  be  made  to  maintain  a 
dead  level.  In  laying  the  fine  out  a  maxi- 
mum and  minimum  height  of  post  would  be 
determined  upon.  The  former  might  be  30 
ft.,  the  latter  7  ft.  These  lengths  would 
allow  a  clear  range  of  23  ft.,  and  a  line 
might  be  carried  at  a  dead  level  across  any 
country  the  irregularities  in  which  did  not 
exceed  this  range  in  height  or  in  depth.  It 
might  be  necessary  to  carry  the  works  for 
miles  up  rising  ground,  and  in  this  case  the 
railway  would  of  course,  as  we  have  said, 
conform  to  the  general  slope,  but  not  one 
penny  would  be  required  for  work  and  ma- 
terial spent  in  filling  up  hollows  or  cutting 
down  little  hills.  The  substructure  of  the 
road,  instead  of  consisting  of  earth  and  clay 
and  stones,  would  consist  of  stout  timber  posts 
or  piles  driven  deep  into  the  soil  by  the  aid 
of  a  modified  pile-driver,  while  the  track 
would  be  to  all  intents  and  purposes  as  level 
as  that  of  any  other  railway. . 

It  is  not  to  be  supposed  for  a  moment  that 
a  road  thus  made  would  be  suitable  for  the 
conduct  of  heavy  traffic  in  a  well-peopled 
country  ;  but  such  a  track  would  be  beyond 
question  an  important  boon  in  many  of  our 
colonies.  Under  ordinary  circumstances  the 
line  would  bo  single  and  the  vehicles  would 
as  a  natural  consequence,  be  suspended  be- 
low the  level  of  the  wheels,  which  would, 
run  on  the  track  above.  We  have  seen 
more  than  one  ingenious  scheme  in  this 
country  and  in  the  States  for  the  use  of 
carriages  and  locomotives  intended  to  work 
under  these  conditions  ;  and  it  is  quite  cer- 
tain that  no  engineer  would  find  the  least 
difficulty  in  constructing  single-rail  rolling 
stock  which  would  work  with  safety  and 
efficiency.  It  is  possible,  however,  that  cir- 
cumstances might  arise  which  would  render 
the  adoption  of  something  better  than  a 
single  rail  desirable.  There  would,  however, 
be  no  trouble  in  erecting  two  single-rail  fines 
side  by  side  and,  say,  3  ft.  apart,  and  we 
should  then  have  at  once  the  very  cheapest 
narrow-gauge  road  which  it  is  possible  to 
construct.  Such  a  road  would,  of  course, 
only  be  suitable  for  a  country  where  timber 
was  plentiful,  and,  if  properly  made,  not  an 
ounce  of  iron  would  be  used  in  miles  of  such 
a  track.  Every  possible  requirement  would 
be  found  on  the  spot.     No  iron  rails  would 
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be  used,  the  continuous  timbers,  some  10  in. 
or  12  in.  square,  rough  from  the  saw-mill, 
would  well  support  little  vehicles  fitted  with 
broad,  smooth,  iron  wheels.  The  trains 
would  in  no  case  weigh  more  than  a  few 
tons,  and  would  easily  be  propelled  at  from 
five  to  ten  miles  an  hour  by  little  locomo- 
tives of  2-horse  or  3-horse  power.  It  is 
impossible  to  overestimate  the  value  of 
such  a  little  line,  a  very  few  miles  long,  in 
many  of  our  colonies,  as  a  means  of  convey- 
ing produce  of  various  kinds,  such  as  coffee 
across  an  inaccessible  tract  of  land  to  a  good 
road,  a  river,  railway,  or  the  sea-side.  Nor 
is  it  possible  to  urge  with  truth  a  single 
objection  to  such  a  line  as  regards  the  power 
of  working  it  with  ease,  safety,  and  regu- 
larity. It  may,  indeed,  be  asserted  that  the 
line  would  not  be  as  good  as  an  ordinary 
railroad.  This  no  one  disputes  ;  but  when 
it  becomes  a  question  of  a  suspended  railway 
or  of  no  road  at  all,  it  is  useless  to  draw  such, 
comparisons. 

If  the  double  line  were  adopted — and  in 
most  cases  the  double  line  would  be  infinitely 
preferable  to  the  single  line — the  mode  of 
construction  would  be  excessively  simple. 
It  would  first  be  necessary,  of  course,  for  an 
exploring  party  to  lay  out  the  route ;  but 
the  extent  of  ground  to  be  cleared  by  the 
axe  men  in  doing  this  would  be  very  small. 
Subsequently  a  greater  width  of  jungle 
would  have  to  be  opened  up.  A  saw-mill 
would  be  a  necessity.  This  mill  would  be 
established  near  one  end  of  the  line,  and  by 
it  the  piles  would  be  prepared.  The  line 
once  begun  would  advance  rapidly,  the 
permanent  way  being  laid  as  fast  as  the 
piles  were  driven.  The  pile  engine  would, 
of  course,  run  on  the  road,  advarfcing  as  it 
advanced,  and  very  little  trouble  would  be 
experienced  in  sending  up  the  piles  from  the 


saw-mill  to  the  front  as  they  were  required. 
If,  as  is  probable,  the  railway  led  to  a  river, 
the  timber  for  the  piles  Avould  be  flo 
down  to  th*  mill  in  a  way  well  understood ; 
but  if  there  were  any  difficulty  about  this, 
it  is  not  beyond  the  resources  of  the  engi- 
neers to  send  up  the  saw-mill  itself  to  the 
front,  and  so  begin  on  a  new  basis  as  soon 
as  one  district  was  cleared  of  the  available 
timber. 

We  do  not  assume  that  the  work  of 
making  such  a  fine  would  be  all  plain 
sailing,  but  we  think  that  a  few  Yankee 
lumbermen,  aided  and  directed  by  a  couple 
of  sharp  engineers,  and  an  efficient  staff  of 
laborers,  would  find  very  little  difficulty  in 
building  eight  or  ten  miles  of  such  a  road 
in  three  months.  Of  course  the  details  of 
construction  would  vary  with  different  cir- 
cumstances, but  no  profound  engineering 
problem  would  ever  arise  for  solution.  The 
cost  would  in  any  case  be  very  small  indeed  ; 
and  there  is  no  reason  why  a  suspended 
railway  should  not  be  50  miles  long,  if  need 
be,  as  well  as  eight  or  ten.  By  the  aid  of 
such  lines  whole  districts  in  Ceylon — to 
name  but  one  country  out  of  several — would 
be  opened  up,  which,  although  capable  of 
being  made  enormously  productive,  are  now 
valueless  because  they  are  inaccessible.  Of 
South  America  the  same  statement  holds 
good ;  in  a  word/ of  the  utility  of  suspended 
railways  there  can  be  no  doubt.  That  they 
would  cost  less,  cceteris  paribus,  than  any 
other  roadway  possessing  the  same  advan- 
tages is,  we  venture  to  think,  equally  cer- 
tain. If  these  statements  represent  the 
truth,  then  we  venture  to  think  that  colonial 
engineers  cannot  do  better  than  give  the 
merits  and  demerits  of  the  suspended  rail- 
way the  consideration  which  we  beheve  the 
subject  deserves. 


BEIDGE  CYLINDERS. 


From  "  Engineering 


It  is  scarcely  more  than  30  years  since 
the  principle  of  founding  the  superstructure 
of  a  bridge  upon  hollow  cylinders  was  car- 
ried into  practical  operation.  It  may  be 
safely  stated  that,  where  practicable,  this 
method  of  obtaining  a  sound  and  reliable 
foundation  in  the  bed  of  a  river  is  at  once 
the  simplest,  the  cheapest,  and  the  most 
rapid  in  execution.  The  nature  of  the  ma- 
terial of  which  the  cylinders  themselves  are 


composed,  whether  of  cast  or  wrought  iron, 
is  a  matter  of  detail  which  does  not  affect 
the  value  of  the  principle.  There  is  no 
question  that  the  introduction  of  concrete  as 
a  constructive  material,  and  the  favor  it  has 
ever  since  enjoyed  at  the  hands  of  engineers 
and  architects,  very  considerably  intlu 
the  adoption  and  use  of  the  cylindrical  sys- 
tem of  bridge  foundations.  So  far  ash 
cylinders  of  a  small  diameter  are  concerned. 
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the  employment  of  concrete  presented  the 
only  means  of  filling  them,  as  their  dimen- 
sions were  too  contracted  to  permit  of  brick- 
work or  masonry  being  laid  in  thejbr  interior. 
As  there  is  not  sufficient  room  for  men  to 
work  in  them,  they  cannot  otherwise  be  fill- 
ed. It  will  be  as  well  to  have  a  clear  idea 
of  the  proper  function  of  a  hollow  cylinder 
and  the  duty  it  has  to  perform  when  sunk  in 
the  bed  of  a  river.  The  common  opinion  is 
that  it  acts  as  a  direct  support  for  the  super- 
structure placed  upon  it.  This  idea  is  gen- 
erally erroneous.  It  seldom  does  anything 
of  the  kind,  and  in  this  respect  differs  from 
the  action  of  pile  foundations.  The  duty  of 
a  cylinder  of  the  description  we  have  men- 
tioned, and  in  the  position  assigned  to  it,  is 
simply  that  of  a  surrounding  envelope  or 
covering  to  the  material  inside  it.  The 
latter  may  consist  of  concrete,  stone,  brick- 
work, or,  as  is  frequently  the  case,  partly 
of  one  and  partly  of  the  other.  It  is,  in  fact, 
an  iron  casing  sunk  into  the  river  to  allow 
of  a  solid  core  or  pier  being  built  in  its  in- 
terior, which  could  not  be  erected  without 
its  protection  and  support.  It  is  possible 
that  in  some  instances,  when  the  solid  cores 
or  piers  are  built,  the  superstructure  erected, 
and  the  whole  bridge  brought  to  its  bear- 
ings, the  cylinders  themselves  might  be  re- 
moved without  any  danger  of  injuring  the 
stability  of  the  structure.  As  this  removal 
could  only  be  effected  above  the  level  of  low 
water,  or,  at  the  most,  above  the  level  of  the 
river  bed,  and  as  nothing  would  be  gained 
by  the  operation,  the  rule  is  to  leave  piers 
as  originally  put  together.  Moreover,  it  is 
probable  that  when  the  internal  filling  con- 
sists of  concrete,  the  cylinders  effectually 
assist  in  retaining  it  in  form  and  prevent 
any  tendency  to  its  spreading  laterally — or 
squeezing  out — if  the  term  may  be  applied 
to  a  solid  material.  A  glance  at  the  char- 
acter of  the  foundations  of  the  majority  of 
the  most  recently  constructed  bridges  over 
the  Thames,  as  well  as  of  those  in  progress, 
is  sufficient  to  prove  the  truth  of  our  asser- 
tion with  regard  to  the  views  entertained  by 
engineers  on  this  point. 

In  sinking  cylinders,  it  is  sometimes  ne- 
cessary to  use  either  Hughes'  or  Pott's 
method,  but  the  most  favorable  circum- 
stances under  which  this  system  of  founda- 
tions can  t  be  adopted  is,  when  the  cylinders 
can  be  got  down  by  the  combined  action  of 
excavation  and  weight.  The  two  former 
methods  are  troublesome,  expensive,  and  to 
some  decree  uncertain.  The  last  is  free  from 


all  these  objections,  and  upon  the  possibility 
of  rendering  it  available  ought  to  depend, 
in  a  great  measure,  the  selection  of  this 
principle  of  foundations.  There  can  be 
nothing  more  vexatious  to  an  engineer  or 
harassing  to  a  contractor  than  to  have  a 
number  of  cylinders  lying  ready  for  him 
while  he  is  unable  to  proceed  with  the  sink- 
ing of  them.  It  is  bad  enough  to  be  com- 
pelled to  wait  for  materials  when  the  work- 
ing arrangements  are  in  perfect  order,  but 
it  is  a  great  deal  worse  to  witness  the  ma- 
terials accumulating  without  being  able  to 
dispose  of  them.  With  the  exception  of 
rock  and  very  compact  gravel,  there  is,  per- 
haps, no  description  of  bottom  which  is  not 
adapted  for  cjdinders.  A  difficulty  occurs 
occasionally  when  the  substratum  is  sand, 
and  in  which  the  pressure  of  water  is  so 
great  as  to  cause  a  "  blow."  But  this  may 
be  successfully  overcome  by  having  recourse 
to  a  large  auger  or  "  miser,"  by  which  the 
excavation  can  be  proceeded  with  without 
entailing  any  very  serious  amount  of  pump- 
ing. The  question  of  pumping,  and  the 
quantity  of  water  likely  to  be  met  with,  must 
be  taken  into  consideration  in  deciding  upon 
the  adoption  of  this  system  of  foundations. 
Obviously,  a  prolonged  spell  of  pumping, 
during  which  the  downward  progress  of  the 
cylinder  might  be  little  or  nothing,  would 
very  much  detract  from  the  advantage  of 
the  principle  in  that  particular  case.  It 
must  be  remembered  that  in  these,  and  all 
similar  operations,  which  are  of  a  purely 
practical  character,  their  success  depends 
altogether  upon  the  experience  and  skill  of 
the  engineer  who  has  the  responsibility  of 
carrying  them  out.  In  addition  to  possess- 
ing merely  a  knowledge  of  the  details  of 
engineering  and  constructive  works,  he 
must  be  a  man  of  resources.  He  must  be 
thoroughly  familiar  with  the  management 
of  men,  and  accustomed  to  the  manipula- 
tion, both  by  hand  and  machinery,  of  ma- 
terials in  large  masses  in  uncouth  shapes, 
and  of  heavy  weights.  Above  all,  he  must 
be  a  man  full  of  contrivances,  apt  at  meeting 
and  overcoming  unforeseen  contingencies, 
and  able  to  accomplish  the  same  object  in 
any  one  of  half  a  dozen  ways,  which  might 
prove  the  most  desirable.  It  is  in  getting 
in  the  foundations  of  a  large  bridge  over  a 
river — whatever  may  be  the  system  em- 
ployed—that there  is  abundant  scope  for 
the  display  of  these  qualities  so  essential  to 
a  practical  engineer.  Very  frequently  the 
most  expensive  portion  of  a  large  structure 
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— the  foundations — are  always  sure  to  be 
the  most  hazardous  and  troublesome,  and 
to  require  more  constant  supervision  than 
the  remainder  of  the  work. 

There  are  two  general  processes  available 
for  sinking  cylinders  in  a  river  or  in  the  sea. 
The  one  is  to  erect  a  staging  for  the  pur- 
pose, and  the  other  to  sink  them  from  boats 
or  pontoons.  The  principal  points  which 
would  influence  decision  in  the  matter  are 
the  nature  of  the  bed  of  the  liver,  the  depth 
of  water,  and  the  velocity  and  strength  of 
the  current.  To  these  must  be  added  the 
character  of  the  river  itself,  whether  its 
flow  and  depth  of  water  be  uniform  and 
constant,  or  whether  it  be  of  the  Indian 
type  of  streams,  some  of  which  can  be  trav- 
ersed dry-shod  at  certain  seasons,  and  at 
others  possess  all  the  violence  and  fury  of 
a  mountain  torrent.  The  depth  of  water 
would  not  necessarily  increase  the  difficuly 
of  erecting  scaffolding  and  staging,  al- 
though it  would  undoubtedly  add  to  the 
cost  of  them,  as  stronger  timbers  would  be 
required  for  the  uprights  and  horizontals, 
and  a  greater  amount  of  cross  bracing  to 
give  rigidity  to  the  whole  framework.  A 
timber  staging  or  scaffolding  on  a  large 
scale  is  nothing  more  than  a  huge  truss, 
and  the  laws  which  govern  the  correct  and 
scientific  distribution  of  material,  and  the 
proper  arrangement  of  struts  and  ties  in 
iron  trusses,  apply  with  some  slight  modifica- 
tions to  those  of  timber.  If  we  turn  our  at- 
tention now  to  the  sinking  of  cylinders  by 
the  aid  of  pontoons,  it  will  be  seen  that  this 
method  is  independent  of  two  of  the  dangers 
which  threaten  the  other.  These  are  the 
depth  of  the  water  and  the  nature  of  the 
river  bed,  provided  that  in  the  Jatter  case 
there  is  holding  ground  for  anchorage.  But, 
on  the  other  hand,  it  is  more  difficult  to 
protect  it  from  the  third  danger,  that  is,  the 
violence  of  the  current.  A  strong  staging, 
thoroughly  well  braced  together,  presents 
comparatively  little  resistance  either  to  the 
wind  or  water,  and  is  but  little  affected  by 
them.  The  case  is  very  different  with  a 
pair  of  long  pontoons,  which  must  be  main- 
tained by  moorings  perfectly  steady  at  the 
site  of  the  cylinder  to  be  sunk.  It  is  also 
evident  that  an  overhead  staging  affords 
more  command  of  the  cylinders,  and  more 
freedom  of  action  in  hoisting  and  pitching 
them  than  pontoons.  If  gantries  or  travel- 
lers, be  employed  the  advantage  will  still 
rest  with  the  staging.  The  means  used  for 
the  actual  excavation  of  the  bed  of  the  river 


in  the  interior  of  the  cylinders  will  depend 

upon  the  nature  of  the  ground  at  that  depth. 
If  of  a  hard,  tenacious  character,  a  cutter  of 
some  kind  must  be  used,  and  worked  either 
by  hand  or  machinery.  In  sinking  the 
cylinders  in  the  Gorai  river,  one  of  the  large 
tributaries  of  the  Granges,  for  a  bridge  on  the 
Extension  of  the  Eastern  Bengal  Railway,  a 
cutter  of  peculiar  form  was  employed.  It 
consisted  of  a  horizontal  disc-plate,  furnish- 
ed with  four  blades  fixed  at  right  angles  to 
one  another,  and  projecting  downward.-;  in 
a  vertical  direction  from  the  under  side  of 
the  disc.  The  shape  of  the  blades  was 
triangular,  and  they  were  provided  Avith 
cutters,  so  that  while  revolving,  the  machine 
excavated  a  hole  of  a  conical  shape,  9  ft.  in 
diameter.  The  whole  apparatus  was  worked 
by  a  compressed  air  engine,  with  the  assist- 
ance of  some  hand-gear.  An  instance  in 
which  very  simple  means  sufficed  to  remove 
the  contents  from  the  interior  of  very  large 
cylinders  was  afforded  by  the  foundations 
of  the  Albert  Bridge,  which  is  now  in  an 
advanced  stage  of  progress.  It  must  be 
premised  that  the  stuff  excavated  was  of  a 
different  character  to  that  existing  in  the 
case  of  the  Gorai  Bridge.  The  cylinder 
having  been  pitched  and  bedded,  the  exca- 
vation was  carried  on  by  the  combined  ac- 
tion of  a  small  steam  engine,  a  scoop,  and  a 
diver.  The  scoop  contained  about  half  a 
ton,  it  was  adjusted  under  water  by  the 
diver,  and  worked  by  the  steam  engine,  the 
whole  operation  being  conducted  with  _  ease 
and  certain.  A  rather  curious  little  incident 
occurred  in  sinking  the  cylinder  on  the  up- 
stream side  of  the  bridge  on  the  Surrey 
shore.  The  cutting  edge  of  the  lowest  ring- 
came  right  across  a  hole  that  had  been 
originally  filled  by  a  pile  which  had  been 
afterwards  drawn.  Consequently,  although 
the  cylinder  continued  to  sink  at  a  fair  rate. 
the  water  nevertheless  continued  to  flow  in, 
passing  down  the  hole  on  the  outside  of  the 
cylinder  and  up  it  in  the  inside.  After  some 
little  delay  and  trouble,  this  trifling  hitch 
was  got  over. 

Kentledge,  rails,  monkeys,  and,  in  fact, 
whatever  tolerably  heavy  articles  of  iron 
can  be  conveniently  obtained,  are  rendered 
available  for  weighting  cylinders,  and  so 
either  assisting  their  sinking  or  forcing 
them  down  when  necessary.  These  weights 
are  not  piled  on  indiscriminately,  as  might 
possibly  be  imagined,  but  care  is  required 
to  adjust  them  properly  both  with  regard 
to  their  number  and  their  position.    It  is  not 
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advisable  to  sink  a  cylinder  with  too  great 
rapidity,  and  the  nearer  the  perpendicular 
it  can  be  maintained  throughout  the  whole 
process  of  sinking,  the  better.  In  this 
respect  it  partakes  of  the  character  of  a 
column,  the  strength  of  which  becomes  at 
once  diminished  by  any  deviation  of  its 
vertical  axis  from  the  perpendicular,  or  by 
any  unevenness  in  its  bedding.  If  a  cylin- 
der in  going  down  heel  or  cant  over  to  any 
very  appreciable  degree  it  becomes  liable  to 
a  cross  strain,  which,  if  permitted  to  increase 
or  even  continue,  might  ultimately  cause  it 
to  crack,  or,  perhaps,  rip  right  open.  It  is 
obvious  that  as  the  whole  cylinder  consists 
of  several  successive  rings  or  lengths,  the 
weights  must  be  removed  every  time  a  new 
length  is  bolted  on.  Where  the  weights 
are  few,  which  occurs  when  the  cylinder 
sinks  easily,  the  delay  occasioned  by  this 
alternate  removal  and  reimposition  is  not  of 
much  consequence.  But  when  the  weights, 
instead  of  merely  assisting  the  cylinder  to 
"  go  down,"  are  required  to  perform  the 
office  of  forcing  it  down,  their  total  number 
and  weight  render  the  process  of  shifting 
and  replacing  very  tedious,  and  involve  very 
considerable  delay.  A  plan  was  adopted 
at  the  Gorai  Bridge  which  obviated  this  in- 
convenience. A  water  tank,  holding  when 
full  about  90  tons  of  water,  was  made  to  fit 
on  to  the  top  of  the  respective  rings  of  the 
cylinder.  It  could  be  filled  in  10  min.  by  a 
pump,    and   emptied    in    a   proportionately 


short  time.  The  only  point  that  does  not 
appear  satisfactory  with  respect  to  this  plan 
of  weighting,  is  that  there  are  no  means  _  of 
loading  on  any  particular  part  of  the  cylin- 
der, and  the  canting  of  the  cylinder  would 
aggravate  the  evil  by  sending  the  water  to 
the  lowest  end  of  the  tank.  The  weight 
must  either  be  uniformly  distributed  or  not 
at  all,  whereas  in  sinking  large  cylinders  it 
is  frequently  necessary  to  load  only  one- 
half  of  the  circumference  of  a  rim  at  a  time. 
In  fact,  it  is  in  this  manner  that  the  cylin- 
der is  maintained  in  a  perpendicular  posi- 
tion when  inclined  to  heel  or  cant  to  _  one 
side.  Partial  weighting  coald  be  obtained 
by  means  of  a  water  tank,  provided  it  were 
divided  by  water-tight  bulkheads  into  sev- 
eral compartments,  any  number  of  which 
could  be  separately  filled  at  pleasure.  It 
would  be  difficult  to  form  an  opinion  what 
is  the  maximum  depth  to  which,  a  cylinder 
could  be  sunk,  supposing  the  strata  to  be 
favorable  to  the  operation.  The  land  cylin- 
ders of  the  Grorai  Bridge  were  sunk  through 
120  ft.  of  earth,  about  40  ft.  of  which 
depth  were  got  through  by  open  excavation, 
so  that  the  actual  sinking  only  extended  for 
a  depth  of  80  ft.  Whatever  may  be  the 
maximum  depth,  if  we  are  to  judge  by  the 
wholesale  sweeping  away  of  the  piers  and 
cylinders  of  the  bridges  in  the  Indian  rivers, 
it  is  in  that  country  that  engineers  will  have 
the  merit  of  discovering  it,  if  they  wish  to 
avoid  such  catastrophes  in  future. 


LEAD  MINES  AND  WORKS  OF  GERMANY. 

From  the  "London  Mining  Journal." 


The  treatment  of  these  ores  varies  accord- 
ing to  the  nature  of  the  matrix.  The  Eng- 
lish process  of  smelting  is  used  in  some 
places  on  the  Continent,  but  more  commonly 
the  smelting  is  effected  in  a  small  blast-fur- 
nace, with  an  admixture  of  iron,  to  form  a 
fusible  slag.  In  most  of  the  smelting  works 
we  visited  in  the  Hartz  this  latter  method 
is  followed.  The  galena  ores,  dressed  up 
to  70  per  cent.,  are  carefully  mixed  with, 
slags  from  former  operations,  iron,  and  bot- 
toms of  old  cupels,  in  the  following  propor- 
tions : — 

Galena,  averaged  at  70  per  cent,  lead 37 

Fine  sandy  ore,  silicious 5 

Cupel  bottoms,  litharge o 

Pure  litharge.    1 

Slag,  to  act  as  flux 47 

Cast-iron,  in  fragments 5  =  100 


The  furnaces  are  about  7  yards  high,  and 
so  arranged  on  the  floor  that  the  furnace 
hearth  comes  level  with  a  step  in  front  of 
the  brickwork,  and  projects  some  distance 
into  this  step.  Here  the  slags  forming  on 
the  top  of  the  hearth  are  drawn  off  by  the 
workmen  at  intervals,  and  set  aside,  to  be 
subsequently  added  to  a  fresh  charge  of  ore. 
A  blast,  worked  by  a  water-wheel,  is  sup- 
plied to  the  hearth.  The  cold  blast  enter- 
ing the  furnace  cools  the  melted  matters  in 
its  path,  and*  forms  a  sort  of  slag  channel 
from  the  tuyere  into  the  interior  of  the 
hearth.  This  is  said  to  be  of  great  impor- 
tance in  preventing  the  too  rapid  combus- 
tion, and  in  sensibly  warming  the  air  before 
it  comes  in  contact  with  the  metal.  The 
upper  part  of  the  furnace  is  occupied  with 
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several  chambers,  through  which  the  fumes 
pass  before  escaping  up  the  chimney.  In 
this  respect,  however,  many  of  the  German 
works  are  inferior  in  arrangement  to  the 
English,  not  being  provided  to  the  same 
extent  with  flue  accommodation  to  collect 
the  oxide.  The  flues  of  the  Greenside 
Smelting  Works,  in  Cumberland,  are  three 
or  four  miles  long,  and  on  the  occasion  of 
our  last  visit  were  being  lengthened  out  to 
seven  miles,  built,  of  course,  on  the  ground. 
Indeed,  the  manager  informed  us  that,  so 
far  as  practical  experience  in  England  had 
gone,  there  was  no  limit  to  which  the  flues 
might  not  be  remuneratively  carried. 

As  the  charge  in  the  furnace  gradually 
liquefies,  slag  forms,  and  cools  on  the  upper 
part  of  the  hearth,  from  which  it  is  now  and 
then  removed  by  a  hook,  and  put  aside,  the 
richer  varieties  to  mix  with  a  fresh  charge, 
and  the  poorer  varieties  to  be  wheeled  to 
the  waste  heap.  When  the  hearth  is  seen 
to  be  full  of  metal  it  is  tapped  off  into  a 
basin,  fixed  in  the  floor,  at  the  foot  of  each 
furnace,  where  it  readily  separates  into  two 
layers,  the  upper  one  a  brittle  mixture  of 
ferruginous  and  plumbiferous  sulphides, 
called  the  first  matt,  and  the  lower  layer  of 
metallic  lead.  The  total  produce  from  the 
minerals  above  given  amounts  to  26  per 
cent,  of  the  charge. 

In  these  furnaces  much  depends  on  the 
skill  of  the  smelter,  whose  attention  is  con- 
stantly required  in  the  method  of  charging 
the  materials,  the  degree  of  temperature 
maintained,  in  seeing  that  no  metallic  lead 
escapes  with  the  slag,  and  that  as  little 
metal  as  possible  is  lost  by  volatilization. 
The  fuel  employed  is  coke. 

The  treatment  of  the  rich  slags  from  off 
the  lead  baths  occupies  an  important  place 
in  the  smelting  establishments ;  and  in  this 
respect  the  arrangements  were  generally 
much  superior  to  the  corresponding  process 
in  England.  The  slags,  as  before  remarked, 
are  mixed  sulphides  of  iron  and  lead,  with 
variable  amounts  of  copper,  antimony,  nick- 
el, etc.  These  slags  are  calcined  in  heaps, 
in  the  same  manner  as  native  sulphurets, 
to  expel  the  sulphur,  and  then  they  are  re- 
duced in  a  smaller  furnace,  supplied  with  a 
moderate  blast.  The  charge  consists  of 
equal  quantities  of  roasted  matt  and  slag, 
to  which  is  added  one-sixth  their  weight  of 
a  mixture  of  litharge,  silicious  slag  andiron. 
A  quantity  of  metal  is  produced  from  this 
furnace,  which  is  run  off  into  a  basin,  in  the 
same  manner  as  from  the  reducing  furnace. 


Here  it  readily   separates,    as   before,  into 

two  layers,  the  lower  of  pure  lead,  the  upper 
of  a  slag,  similar  to  the  original  slag  in 
composition,  but  poorer.  This  is  called  the 
second  matt,  and  is  roasted  and  reduced  in  a 
similar  fashion,  producing  lead  and  a  third 
matt,  and  in  the  same  way  a  fourth 
matt  is  produced.  By  this  time  the  slag, 
by  the  successive  withdrawals  of  lead,  has 
become  impoverished,  until  it  ceases  to  pay  ; 
but  the  copper  originally  present  in  the  ore, 
having  a  greater  affinity  for  sulphur  than 
lead  has,  becomes  successively  enriched,  till 
in  this  fourth,  or  copper  matt,  as  it  is  called, 
it  becomes  the  more  valuable  substance, 
and  it  is  for  this  accordingly  treated.  The 
various  works  at  Clausthal  and  Goslar  pur- 
sue substantially  the  same  method.  But 
for  ores  containing  less  than  30  per  cent,  of 
lead  we  found  another  form  of  furnace  in 
use  in  the  Eastern  Hartz,  which,  we  under- 
stand, has  been  recently  introduced  into 
England  with  great  success,  to  smelt  the 
more  refractory  ores,  and  the  poorer  slags 
from  former  workings.  The  furnace  is 
round,  and  smaller  than  the  ordinary  lead- 
smelting  hearth.  The  internal  diameter  is 
1  metre  and  the  height  3  metres.  The 
body  of  the  hearth  rested  generally  on  cast- 
iron  pillars,  but  in  one  works,  near  Konigs- 
burg,  we  observed  the  hearth  was  support- 
ed on  four  brick  pillars.  The  body  of  the 
hearth  is  filled  with  coke  dust  and  char- 
coal, well  beaten  down,  so  as  to  form  the 
floor,  and  a  good  blast  is  supplied  by  three 
or  four  tuyeres.  The  slag  formed  is  very 
fusible,  and  this  method  is  said  to  yield 
very  good  results,  quite  equal  to  assay. 
Galenas  and  slags  containing  not  more  than 
7  or  8  per  cent,  are  worked  to  a  profit  by 
this  method.  The  fuel  is  coke,  each  ton  of 
the  poor  ore  requiring  2  to  3  cwt.  of  fuel. 
Owing  to  the  higher  temperature,  long  flues 
are  of  more  importance  in  this  than  in  the 
ordinary  reducing  furnace.  The  flues  at 
Konigsburg,  where  this  method  is  followed, 
were  tolerably  extensive,  but  in  our  opinion 
might  be  profitably  extended.  The  mana- 
ger, however,  thought  it  would  not  pay. 

The  lead  ingots  so  obtained  throughout 
the  Hartz  are  next  treated  for  silver.  The 
average  richness  in  the  Clausthal  works 
being  106  oz.  to  the  ton.  The  refineries 
are  usually  in  a  separate  building,  and  the 
operation  is  conducted  in  three  different 
ways.  In  one  works  Patinson's  process  was  in 
operation,  in  which  the  silver-lead  is  allow- 
ed to  crystallize  slowly  in  iron  vessels,  where;, 
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as  the  pure  lead  crystallizes  first,  and  is 
constantly  removed  by  a  perforated  ladle, 
"the  mother  liquor  continually  enriches  in 
silver,  until  it  is  several  thousand  ounces  to 
the  ton,  and  is  then  cupelled,  in  the  manner 
described  in  our  last  article  on  silver.  The 
second  method  we  saw  at  Frederickshutte, 
where  the  argentiferous  lead  is  melted  in  a 
large  cast-iron  vessel,  while  a  smaller  one 
stands  near,  containing  zinc  in  a  state  of 
fusion.  The  metals  are  then  mixed  in  the 
proportions  of  1|  lbs.  of  zinc  to  1  oz.  of  sil- 
ver in  the  alloy.  This  mixture  is  now  kept 
at  a  melting  heat,  with  constant  stirring,  for 
two  hours,  then  allowed  to  stand.  A  scum 
forms  on  its  surface,  which  contains  the  zinc 
and  silver,  and  is  constantly  removed  as  it 
forms.  When  this  scum  no  longer  rises 
the  liquid  lead  is  run  off,  and  exposed  for 
some  time  to  a  red  heat,  to  drive  off  the  last 
traces  of  zinc  in  vapor.  The  lead  is  next 
kept  in  a  state  of  fusion  for  two  hours,  with 
the  addition  of  a  billet  of  green  wood,  the 
exact  purpose  of  which  we  could  not  ascer- 
tain from  the  smelters,  but  it  seemed  to 
23urify  the  lead  and  improve  the  quality. 
The  matters  skimmed  off  are  next  re-melted 
in  a  sloping  tube,  from  which  the  metallic 


lead  flows  as  it  melts,  and  is  at  once  cupel- 
led for  silver ;  while  the  zinc  residue  is  dis- 
tilled in  retorts,  with  the  addition  of  coal 
dust,  according  to  the  method  commonly 
adopted  for  zinc,  and  about  50  per  cent,  of 
the  quantity  originally  employed  is  obtained. 
An  obstinate  residue  of  zinc  and  silver 
remains  in  the  retorts.  To  this  a  fresh 
quantity  of  lead  is  added,  which,  when 
melted,  alloys  with  the  silver,  and  is  then 
obtained  by  cupellation  in  the  ordinary 
fashion.  The  lead  appears  to  be  more 
thoroughly  freed  from  silver  by  this  method, 
and  where  the  proportion  of  silver  is  small — 
say,  20  oz.  to  the  ton — there  is  no  doubt 
it  will  be  advantageous.  The  manager  at 
the  works  spoke  highly  of  the  economy  of 
this  process,  as  did  also  the  students  at  the 
Clausthal  School  of  Mines,  but  we  believe 
it  is  not  much  practised  in  this  country. 

The  third  method  is  that  of  direct  cupel- 
lation, which  is  only  used  in  the  case  of  very 
rich  ores,  and  even  then  it  does  not  seem  to 
be  by  any  means  economical,  and  is  much 
less  used  now  than  formerly. 

In  the  next  article  we  purpose  to  describe 
our  visit  to  "Wilhelmsschact,  one  of  the  larg- 
est collieries  in  Saxonv- 


THE  MACHINEEY  OF  SHIPS  OF  WAR. 


From  "  Naval  Science.1 


The  extent  and  variety  of  the  mechani- 
cal arrangements  in  our  ships  of  war  will 
be  familiar  to  most  of  our  readers.  Noth- 
ing excites  the  wonder  of  the  visitor  to  one 
of  our  turret  ships,  for  example,  more  than 
the  apparently  chaotic  jumble  of  engines, 
wheels,  pipes,  cranks,  etc.,  by  which  he  is 
surrounded,  and  even  the  experienced  engi- 
neer in  charge,  who  is  supposed  as  a  part 
of  his  duty  to  have  mastered  the  intricacies 
of  this  labyrinth  of  mechanism,  becomes 
occasionally  bewildered  in  attempting  to 
distinguish  between  pump  gear  and  turret 
gear,  steam  gear  and  hand  gear,  etc.  Not 
only,  however,  can  a  good  reason  be  given 
for  the  presence  in  the  ship  of  every  part 
of  this  mass  of  machinery,  but  the  inevi- 
table tendency  is  to  add  to  its  complexity. 
The  increasing  weight  of  the  guns  mounted 
on  shipboard,  and  also  the  increasing  dan- 
ger of  a  want  of  celerity  in  the  movements 
of  the  ship,  render  it  extremely  probable 
that  the  use  of  manual  labor  will  be  dis- 
pensed with  to  a  far  greater  extent  than  at 


present,  and  that  the  power  stored  up 
within  the  iron  walls  will  be  made  still 
further  available  for  the  rapid  manipula- 
tion of  the  ship  and  her  ponderous  ord- 
nance. With  the  auxiliary  steam  power 
for  steering,  working  guns,  capstans,  etc., 
we  do  not,  however,  intend  to  deal.  It  is 
to  the  consideration  of  the  design  and  ar- 
rangement of  the  "  main "  or  propelling 
machinery  as  affected  by  modern  conditions 
of  naval  warfare  we  propose  to  devote  this 
article. 

It  is  not  within  our  purpose  here  to  dis- 
cuss questions  relating  to  the  probable  de- 
velopment of  the  art  of  attack  and  its  gen- 
eral effect  upon  the  construction  of  ships  of 
war,  but  the  following  appear  to  us  to  be 
fair  conclusions  to  be  drawn  from  a  careful 
study  of  these  questions  so  far  as  they  im- 
mediately affect  the  arrangement  of  the 
machinery. 

First,  with  regard  to  armor-clad  ships. 
If  naval  warfare  were  to  be  confined  to  a 
mere    conflict   of  the    heaviest   guns    that 
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could  be  mounted  afloat,  the  attainment  of 
high  speed  in  an  iron-clad  might  well  be 
sacrificed  for  the  purpose  of  enabling  a 
greater  weight  of  guns  or  of  defensive  ar- 
mor to  be  carried.  Attacks  by  ramming 
and  by  the  moving  torpedo  have,  however, 
introduced  formidable  dangers  to  which 
slow  and  unwieldy  ships  will  be  peculiarly 
liable  ;  and  we  may  therefore  regard  the 
attainment  of  high  speed  in  order  to  secure 
the  greatest  possible  mobility  in  action, 
even  if  for  no  other  reason,  as  one  of  the 
first  objects  to  be  aimed  at  in  the  design  of 
ships  intended  to  fight  at  close  quarters. 
Also,  in  an  action  at  close  cpiarters,  the 
temporary  disablement  of  the  propelling 
machinery  would  in  all  probability  place  a 
ship,  despite  her  gun  power,  at  the  mercy 
of  an  enemy  provided  with  either  ram  or 
torpedo,  and  as  injury  from  both  these 
modes  of  attack  is  received  below  the 
water-line,  the  additional  protection  from 
shot  or  shell  given  to  the  machinery  by 
placing  it  below  the  water  level  does  not 
appear  to  be  of  sufficient  importance  to 
counterbalance  the  disadvantages  attending 
its  arrangement  in  this  way.  One  serious 
disadvantage  is  the  difficulty  it  places  in 
the  way  of  a  subdivision  of  the  compart- 
ments, which,  so  far  as  that  portion  of  the 
ship  occupied  by  the  machinery  is  con- 
cerned, would  give  the  nearest  practicable 
approach  to  the  "  cellular  construction"  re- 
commended by  the  Committee  on  Designs. 

Next,  with  reference  to  unarmored 
ships.  The  most  important  class  of  vessels 
of  this  description  which  it  has  been  the 
recent  policy  of  our  own  Government  to 
build,  is  one  intended  for  the  protection  of 
our  commerce,  and  high  speed  has  been 
sought  in  this  case  with  the  object  of  en- 
abling the  vessel  either  to  overtake,  and 
fight  if  necessary,  an  unarmored  enemy,  or 
to  escape  from  an  armored  one.  It  is  im- 
perative here  that  the  machinery  should  be 
kept  as  far  as  possible  below  the  water- 
line,  and  although  the  ship  would  rarely  be 
exposed  to-  under-water  attack,  as  she 
would  seldom  come  to  close  quarters  with 
an  armed  enemy,  the  subdivision  of  the 
machinery  compartments  appears  to  be 
quite  as  essential  as  in  the  case  of  armored 
ships,  in  view  of  the  destructive  effects  of 
modern  shells  against  unprotected  vessels. 

Whether  the  ship  be  an  armored  or  an 
unarmored  one,  it  appears  to  be  evident  that, 
with  regard  to  the  design  of  the  machinery 
of  the  more  important  vessels,  we  require, 


in  order  to  meet  the  exigencies  of  modern 
naval  warfare,  to  favor  the  following  fea- 
tures : 

1st.  Great  range  of  power,  coupled,  as  a 
matter  of  course,  with  economy  of  fuel  at 
all  speeds. 

2d.  The  greatest  attainable  security  from 
even  temporary  disablement  in  action. 

3d.  Facility  for  rapid  repair  and  discon- 
nection of  disabled  parts. 

With  most  modern  engines,  whether  com- 
pound or  simple,  the  maximum  power 
which  can  be  developed  is  dependent  on 
the  boiler.  We  are  aware  that  compound 
engines  are  being  made  in  which  the  steam 
is  intended  under  ordinary  working  condi- 
tions to  be  carried  for  nearly,  if  not  quite, 
the  whole  length  of  the  stroke  in  the  high- 
pressure  cylinder  ;  but  these  are  manifestly 
unsuited  for  ships  of  war,  and,  we  may  also 
remark,  are  at  variance  with  some  of  the 
theories  of  engineers  who  advocate  the  in- 
herent superiority  of  the  compound  over 
the  simple  form  of  engine  so  far  as  the  ac- 
tion of  the  steam  in  the  cylinder  is  con- 
cerned. With  the  compound  engine,  even 
in  its  best  form,  however,  the  range  of 
power  (as  dependent  on  the  cylinders)  is 
not  so  great  as  with  the  ordinary  expansive 
engine  ;  but  in  either  case  the  practical 
limit  of  the  power  of  the  engine  is  deter- 
mined by  the  steam-producing  capabilities 
of  the  boiler,  and  here  we  find  that  the 
type  of  boiler  which  is  now  being  substi- 
tuted for  the  "  box  "  or  rectangular  boiler 
on  shipboard,  is  not  well  adapted  for  the 
development  of  great  power  on  an  emer- 
gency. 

The  various  forms  of  the  "  box  "  boiler 
are  rapidly  becoming  obsolete  for  marine 
purposes  generally,  as  the  use  of  the  sur- 
face condenser  has  enabled  steam  of  higher 
pressure  to  be  used  on  shipboard.  These 
boilers  are  easily  stowed,  and  in  most  cases 
ample  steam  room  can  be  obtained  with 
them,  while  the  wall-sided  furnaces  and 
roomy  combustion  chambers  are  well  adapt- 
ed for  rapid  and  economical  combustion  of 
the  fuel.  The  great  extent  of  the  flat  sur- 
faces requiring  to  be  stayed  prevents  their 
adoption,  hoAvever,  for  steam  of  more  than 
about  30  lbs.  pressure,  and  in  lieu  of  them 
cylindrical  and  oval  boilers  are  now  in 
general  use.  In  these  the  arrangement  of 
the  tubes  is  similar  to  that  of  the  "  box  " 
boiler,  and  combustion  chambers  of  good 
capacity  can  be  given ;  but  the  cylindrical 
furnaces  which  are  fitted  are  not  at  all  suit- 
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ed  for  carrying  heavy  fires,  and  the  maxi- 
mum rate  of  combustion  of  the  fuel  per 
square  foot  of  grate  is  considerably  less 
than  with  the  older  type.  Though  requir- 
ing a  greater  amount  of  staying  than  the 
cylindrical  boiler,  the  oval  form  of  high- 
pressure  boiler  is  more  easily  stowed,  and 
advantage  can  be  taken  of  the  full  depth  of 
the  hold  to  give  good  steam  room  without 
making  a  shell  of  objectionable  dimensions. 
Either  boiler  can,  however,  be  made  easily 
accessible  for  cleaning,  examination,  and 
repairs,  and  (with  steam  of  what  has  now 
become  the  ordinary  working  pressure),  not- 
withstanding the  disadvantages  attending 
the  use  of  the  cylindrical  furnaces,  they  are 
probably  the  most  trustworthy  boilers  that 
can  be  adopted  for  ships  of  war,  and  more 
especially  so  for  armored  ships,  as  they  are 
here  protected  in  a  great  measure  from  pro- 
jectiles. 

In  unarmored  ships,  however,  the  ex- 
posure to  the  direct  effect  of  projectiles  of 
large  boilers  containing  great  quantities  of 
hot  water  and  steam  at  a  pressure  of  60  or 
80  lbs.  to  the  square  inch  becomes  a  seri- 
ous matter,  and  it  is  therefore  most  impor- 
tant that  a  form  of  boiler  not  liable  to  exten- 
sive or  permanent  injury,  when  struck  by 
projectiles,  should  be  provided  for  this  ser- 
vice. One  feasible  way  of  meeting  the  diffi- 
culty would  be  to  adopt  a  boiler  built  up 
entirely  of  tubes. 

This  description  of  boiler  has  been  used 
on  land  in  many  forms  with  more  or  less 
success  for  a  number  of  years,  and  it  is  now 
being  introduced  to  some  extent  on  ship- 
board. The  construction  for  marine  pur- 
poses of  a  satisfactory  boiler  of  the  "tubul- 
ous  "  type,  as  it  has  been  named,  is  a  wide 
and  intricate  question,  and  we  do  not  here 
propose  to  discuss  the  relative  merits  of  the 
various  modes  in  which  a  solution  of  the 
problem  has  been  attempted.  It  appears 
to  us,  however,  that  boilers  built  up  of  tubes 
are  peculiarly  adapted  for  use  in  ships  of 
war.  The  explosion  of  shooting  away  of  a 
few  of  the  tubes  could  not  possibly  be  at- 
tended by  results  so  disastrous  as  would  be 
sure  to  follow  the  explosion  of  an  ordinary 
boiler.  There  seems  to  be  nothing  to  pre- 
vent the  adoption  of  furnaces  capable  of 
giving  a  high  rate  of  combustion,  and  the 
great  comparative  safety  of  the  boiler  in  an 
action  would  give  increased  confidence  to 
the  stokers  and  engineers,  whose  post — in 
unarmored  ships  more  especially — in  front 
of  large  vessels  charged  with  high-pressure 


steam,  and  liable  at  any  moment  to  be  per- 
forated by  some  projectile,  is,  to  our  mind, 
the  most  unenviable  in  the  ship.  With  a 
form  of  furnace  favorable  to  rapid  and  com- 
plete combustion,  the  great  extent  of  space 
taken  up  by  the  ordinary  type  of  boiler 
could  be  materially  reduced. 

In  connection  with  the  boilers  the  provi- 
sion of  a  copious  draught  to  the  furnaces  is 
one  of  the  most  important  questions  to  be 
dealt  with  in  arranging  the  machinery. 
Efficient  ventilation  of  the  stokeholds,  com- 
bined with  a  free  use  of  the  blast-pipe, 
when  it  is  required  to  force  the  fires,  ap- 
pears to  find  most  favor  in  our  own  Navy — 
and  this  plan,  while  possessing  the  great 
merit  of  simplicity,  gives  sufficient  control 
of  the  supply  of  air  to  render  the  power  of 
the  engine  practically  dependent — with  a 
good  form  of  furnace  and  boiler — on  the 
quality  of  the  fuel,  and  upon  the  skill  and 
endurance  of  the  stokers.  Systems  of  fans 
for  the  supply  of  air  to  the  furnaces,  by 
either  exhausting  up  the  funnel,  or  forcing 
the  air  directly  into  the  furnace,  have  fre- 
quently been  proposed,  and  have  formed  the 
subject  of  patents  in  this  country.  They 
have  also  been  used  to  some  extent  in  the 
American  Navy.  There  is  much  to  be  said 
in  favor  of  arrangements  of  this  description, 
both  in  point  of  economy  of  fuel  and  con- 
trol of  the  evaporative  power  of  the  boiler, 
and  they  are  worthy  of  serious  attention 
from  the  fact  that  by  contributing  to  in- 
creased rapidity  of  combustion  their  adop- 
tion would  tend  to  lessen  the  boiler  space, 
and  give  greater  room  for  the  capacious 
cylinders  required  in  order  to  realize  the 
full  benefits  to  be  obtained  by  the  use  of 
high-pressure  steam,  for  the  carrying  of 
which  the  "  tubulous "  boiler  is  specially 
adapted. 

The  choice  of  the  type  of  engine  best 
suited  for  ships  of  war  involves  a  number 
of  questions,  to  the  minute  consideration  of 
which  we  shall  not  be  able  to  devote  pres- 
ent attention.  We  think  it  may  safely  be 
assumed,  without  discussion,  that  the  prov- 
ed economy  attending  the  use  of  high-pres- 
sure steam  has  rendered  imperative  the 
adoption  of  engines  working  at  a  pressure 
of  at  least  60  lbs.  for  all  the  more  impor- 
tant ships.  Whether  steam  of  this  pressure 
can  be  used  as  efficiently  in  an  ordinary  ex- 
pansive engine  as  in  a  well-designed  com- 
pound engine  is  a  question  which  has  been 
much  discussed  of  late,  and  many  interest- 
ing articles  on  the  subject  in  the  leading 
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engineering  journals  will,    no    doubt,     be 
familiar  to  our  professional  readers. 

In  discussing  the  relative  merits  of  the  ri- 
val types,  it  is  palpably  misleading  to  insti- 
tute comparisons  between  an  engine  of  one 
type  working  at  15  or  30  lbs.  pressure  and 
that  of  another  working  at  45  or  60.  No 
doubt  this  has  frequently  been  done  from 
want  of  other  data,  for  until  recently  no  or- 
dinary engine  working  at  60  lbs.  pressure 
with  great  capacity  for  expansion  had  been 
tried  in  the  navy,  and  trustworthy  informa- 
tion on  the  subject  from  other  sources  has 
not  been  available.,  The  results  of  the  most 
recent  experiments  we  give  further  on,  and 
we  may  remark  here  that  it  is  a  significant 
fact  that  the  compound  engine  could  not 
compete  successfully  with  the  ordinary  type 
in  the  Navy  until  worked  with  steam  of 
about  double  the  pressure  of  that  used  with 
the  simple  engine. 

With  regard  to  the  theoretical  aspect  of 
the  question,  a  better  authority  could  scarce- 
ly be  quoted  than  Professor  Pankine,  prob- 
ably the  greatest  living  authority  on  the  sci- 
ence of  Thermodynamics  in  its  application 
to  the  steam  engine.  In  a  Report  to  the 
Committee  on  Designs,  which  may  fairly  be 
taken  to  represent  his  matured  opinions  up- 
on a  subject  to  which  he  has  devoted  much 
attention,  Prof.  Pankine  advocates  the  su- 
periority of  the  compound  engine,  but  upon 
grounds  to  which  we  think  experienced 
marine  engineers  are  not  likely  to  attach 
much  importance,  Hejrates:'  "  So  far  as 
the  theoretical  action  of  the  steam  in  the 
cylinder  is  concerned,  it  is  immaterial  wheth- 
er the  expansion  takes  place  in  one  cylinder 
or  in  two  or  more  successive  cylinders.  The 
advantage  of  employing  the  compound  en- 
gine is  connected  with  those  causes  which 
'make  the  actual  indicated  work  of  steam 
fall  short  of  its  theoretical  amount  y  and 
also  with  the  strength  of  the  engine  and  its 
framing,  the  steadiness  of  its  action,  and 
the  friction  of  its  mechanism. 

The  sentence  we  have  italicized  here  is 
very  vague  ;  but  we  find  the  Professor,  in 
comparing  the  performance  of  the  six-cylin- 
dered  compound  engines  of  the  Constance 
with  those  of  the  Octavia  and  Arethusa 
(ordinary  engines),  expressing  his  opinion 
very  explicitly  as  follows  :  "  The  superior 
economy  of  fuel  as  compared  with  indicated 
power  in  the  Constance  is  of  course  to  be 
accounted  for  by  a  higher  initial  pressure 
and  a  greater  rate  of  expansion  than  those 
used  in  the  other  vessels,  combined  possibly 


with  better  jacketing  and  greater  super- 
heating." 

So  far  as  the  action,  of  the  steam  was 
concerned,  a  question  upon  which  he  is 
eminently  qualified  to  express  an  opinion, 
Professor  Pankine  here  distinctly  attributes 
the  superiority  of  the  compound  engine,  in 
the  case  of  the  Constance,  to  arrangements 
which  we  need  scarcely  say  are  quite  appli- 
cable to  ordinary  engines. 

He  goes  on  to  say :  "  But  the  superiority 
of  the  Constance  over  the  Octavia  in  effi- 
ciency of  mechanism — in  other  words,  in 
economy  of  indicated  power  as  compared 
with  effective  power — can  be  accounted  for 
only  by  the  comparative  smallness  of  fric- 
tion in  the  engines  of  the  Constance,  and 
when  it  is  considered  that  the  engines  of 
the  Octavia  were  of  good  design,  and  of  the 
best  possible  workmanship,  the  comparative 
smallness  of  the  friction  in  the  Constance 
must  be  ascribed  mainly,  if  not  wholly,  to 
the  balance  of  driving  forces,  the  result  of 
the  arrangement  of  opposite  cranks  in  Mr. 
Elder's  three-cylindered  compound  engines." 

Mr.  Wright,  the  experienced  Engineer-in- 
Chief  to  the  Admiralty,  has,  in  his  evidence 
before  the  Committee,  pointed  out  the  un- 
trustworthy character  of  the  data  upon 
which  Professor  Pankine  has  endeavored  to 
establish  the  superiority  of  the  Constance 
in  point  of  efficiency  of  mechanism,  stating 
that  with  regard  to  the  apparent  difference 
between  the  ships  in  this  respect  he  "should 
be  rather  inclined  to  ascribe  it  to  the  diffi- 
culty of  ascertaining  the  indicated  power 
with  sufficient  accuracy  to  form  a  conclusion 
upon  the  subject." 

But  even  assuming  that  the  indicated 
power  had  been  correctly  given,  and  that  an 
actual  difference  in  favor  of  the  Constance 
during  the  trials  could  be  established,  we 
think  few  engineers  of  experience,  with  a 
knowledge  of  the  facts,  would  have  ascribed 
this  superiority  of  performance  to  the  "  small- 
ness of  friction"  due  to  a  complex  arrange- 
ment of  six  cylinders.  It  is  pretty  well  known 
in  the  marine  engineering  world  that  the 
engines  of  the  Constance  were  not  regarded 
as  a  success  in  point  of  facility  of  handling, 
the  popular  idea  being  that  their  defects  in 
this  respect  were  mainly  due  to  excess  of 
friction ;  and  we  should  not,  for  our  own 
part,  be  surprised  to  find  that  a  report  to 
the  effect  that  the  engines  occasionally  re- 
quired strong  persuasion  in  the  shape  of 
powerful  jacks  to  induce  them  to  start  is 
true,  notwithstanding  the  "balance  of  driv- 


640 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


ing  forces."  We  venture  to  think  that  if 
Professor  Rankine  had  in  his  investigations 
given  greater  prominence  to  other  differ- 
ences in  the  two  ships  than  those  to  which 
he  refers,  he  would  scarcely  have  committed 
himself  to  an  expression  of  opinion  which  is 
little  likely  to  secure  the  respect  usually 
accorded  to  the  results  of  his  labors  in  the 
many  fields  of  scientific  inquiry  to  which  he 
has  so  successfully  devoted  himself.  As 
pointed  out  in  an  interesting  article  on  this 
question  in  the  "Engineer,"  the  engines  of 
the  Octavia  having  three  cylinders  with 
cranks  disposed  at  angles  of  120  deg.,  would 
compare  favorably  with  those  of  the  Con- 
stance so  far  as  a  balance  of  driving  forces 
was  concerned  ;  and  we  believe  an  explana- 
tion of  the  superiority  of  the  Constance  in 
point  of  efficiency  of  mechanism,  presuming 


that  it  existed  at  all,  would  be  found  in  the 
difference  of  pitch  of  the  screws  and  the  ve- 
locity of  the  piston. 

The  compound  engines  which  have  been 
found  to  be  the  most  successful  in  the  Navy 
are  those  of  the  two-cylinder  type,  with 
cranks  at  right  angles,  as  fitted  in  the 
Briton,  Tenedos,  etc.  A  very  instructive 
trial  was  recently  made  with  an  engine  of 
this  type  in  competition  with  an  ordinary 
twin  cylinder  engine,  working  at  the  same 
boiler  pressure,  and  fitted  to  cut  off  the 
steam  at  a  very  early  portion  of  the  stroke. 
The  results  of  the  trials  have  already  been 
published  in  the  engineering  journals,  but  we 
reprint  them  here  for  the  information  of 
our  readers,  as  being  the  most  recent  and 
trustworthy  upon  the  question  we  are  dis- 
cussing. 


Diameter  of  cylinders 

Stroke 

Indicated  power  developed 

Pressure  of  steam  in  boilers 

Mean  pressure  in  cylinders 

Revolutions  per  minute 

Piston  speed  in  feet  per  minute 

Vacuum  in  condensers 

Quantity  of  coal  consumed 

Coal  consumed  per  I.  H.  P.  per  hour. 


Goshawk. 

Swinger. 

(compound.) 

(not  compound.) 

("High  pressure  28  in=. 
(_Low  pressure    48  ins. 

I 

34  ins. 

18  ins. 

22  ins. 

374.7  H.P 

363.86  H.P. 

60  lbs. 

60  lbs. 

( High  pressure  30 .  69  lbs. 
"(Low  pressure     7.65  lbs. 

1 

15.59  lbs. 

126.08 

115.68 

378.24 

424.16 

25.45  ins. 

26.02  ins. 

5,852  lbs. 

5, 700  lbs. 

2.6  lbs. 

2.61  lbs. 

Calculating  from  these  data,  it  will  be 
found  that  the  volume  swept  by  the  piston 
per  indicated  horse-power  was  17  cubic  ft. 
in  the  Goshawk  against  14.7  only  in  the 
Swinger.  The  way  in  which  the  "six hours 
runs"  are  conducted  in  the  Navy  is  admit- 
tedly faulty  with  regard  to  the  manner  in 
which  the  consumption  of  fuel  is  ascertained, 
but  the  mode  of  trial  was  of  course  equally 
fair  for  both  ships,  and  we  have  no  doubt 
the  trials  were  conducted  in  exactly  the 
same  way  as  those  upon  which  the  reputa- 
tion of  the  compound  engine  has  been 
established  in  the  Navy.  Without,  how- 
ever, regarding  the  results  obtained  as  con- 
clusive, we  think  it  a  most  suggestive  fact 
that  the  simple  engine  in  this  case,  with  a 
much  less  capacity  for  expansion,  should 
have  been  found  to  work  with  practically 
the  same  consumption  of  fuel  as  a  compound 
engine  of  the  most  approved  type. 

As  an  engine  peculiarly  adapted  for  high- 
pressure  steam,  we  regard  the  general  in- 
troduction of  the  compound  engine  in  the 


merchant  and  mail  services,  and  in  special 
service  ships  attached  to  our  Navy,  as  only 
a  question  of  time ;  but  that  any  advan- 
tage would  be  gained  by  its  exclusive  adop- 
tion for  our  ships  of  war,  as  strongly  re- 
commended by  the  Committee  on  Designs, 
appears  to  us  to  be  very  doubtful.  Beyond 
the  single  fact  of  its  proved  economy  in  the 
consumption  of  fuel,  it  has  nothing  to  re- 
commend it  for  modern  ships  of  war,  and 
we  think  our  readers  will  allow  that  there 
is  a  fair  prospect  of  equally  good  results  in 
this  respect  being  obtained  with  simple 
engines,  at  what  has  now  become  the  ordi- 
nary working  pressure.  The  inter-depen- 
dence of  the  cylinders  of  the  compound  en- 
gine renders  it  extremely  liable  to  total 
disablement  in  an  action,  and  the  dissimi- 
larity of  the  spare  gear,  owing  to  the  differ- 
ence in  dimensions  of  the  cylinders,  slide- 
valves,  etc.,  together  with  the  comparatively 
unmanageable  size  of  some  of  the  principal 
parts,  presents  serious  obstacles  to  rapid 
repair. 
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We  may  here  remark,  however,  that  the 
objection  of  great  weight  frequently  urged 
against  the  compound  engine  of  the  most 
modern  design  is  mainly  due  to  the  high 
pressure  of  the  steam  used,  and  the  great 
range  of  expansion,  and  not  to  the  type  of 
engine.  There  is  little  doubt  but  that  the 
same  capacity  for  expansion  must  be  given 
to  a  simple  engine  if  a  similar  result  in 
point  of  economy  of  fuel  is  to  be  expected, 
and  as  the  maximum  strains  upon  the  me- 
chanism are  far  less  in  the  compound  than 
in  the  ordinary  engine,  the  quantity  of  met- 
al required  to  resist  the  strains  is  of  course 
proportionately  less.  Taking  into  consider- 
ation the  reservoirs  and  the  additional  spare 
gear — no  inconsiderable  item — required 
with  the  compound  engine,  we  should  not 
expect  much  difference  between  the  weights 
of  well-designed  engines  of  the  two  types 
working  at  60  lbs.  pressure  when  the  same 
capacity  for  expansion  is  given. 

Notwithstanding  the  recommendation  of 
the  Committee,  the  Admiralty  appears  to  be 
wisely  inclined  to  give  both  forms  of  engine 
a  fair  trial  (so  far  with  the  result  we  have 
already  stated),  and  we  have  no  doubt  the 
question  will  be  well  weighed  by  the  able 
chiefs  of  the  Comptroller's  Department. 

The  extensive  division  of  the  hull  of  the 
ship  into  water-tight  compartments,  which 
appears  to  be  the  most  feasible  method  of 
guarding  against  the  effects  of  under-water 
attack,  seriously  affects  the  arrangement  of 
the  machinery.  When  it  is  considered  that 
in  most  cases  about  two-thirds  of  the  sub- 
merged area  of  the  skin  of  the  ship  exposed 
to  attack  covers  the  engine  and  boiler  com- 
partments, containing  a  delicate  system  of 
mechanism  upon  whose  sustained  efficiency 
in  action  the  very  life  of  the  ship  depends 
under  the  modern  conditions  of  naval  war- 
fare, it  will  be  seen  how  important  it  is  that 
these  compartments  should  be  extensively 
subdivided,  with  the  object  of  preventing,  if 
possible,  the  disablement  of  the  means  of 
propulsion. 

So  far  as  the  boiler  compartments  are 
concerned,  there  can  be  no  great  difficulty 
in  this  respect  with  any  of  the  ordinary 
forms  of  boiler,  and  we  think  the  "  tu- 
bulous  "  type  would  not  only  offer  further 
facilities  for  the  subdivison  of  the  compart- 
ments, but,  as  already  pointed  out,  a  better 
form  of  furnace  could  probably  be  obtained, 
and  if  combined  with  a  forced  draught,  a 
considerable  reduction  in  the  boiler  space 
might  be  expected. 
Vol.  VII. —No.  6—40 


In  ships  where  the  protection  given  by 
the  armor  admits  of  part  of  the  engines 
being  brought  above  the  water-line,  vertical 
or  inclined  engines  can  generally  be  intro- 
duced, and  these  readily  admit  of  protecting 
water-tight  compartments  being  provided. 
Twin  screws  still  further  facilitate  the  sub- 
division, and,  with  the  engines  vertical,  give 
a  short  engine-room,  a  thing  otherwise  very 
difficult  of  attainment  on  account  of  the 
great  capacity  of  cylinder  required  with  the 
modern  high-pressure  expansive  engine. 
The  difficulties  from  this  source  are  proba- 
bly greatest  in  unarmored  vessels  where 
great  power  is  required  with  a  single  screw, 
and  we  can  easily  understand  the  objection 
of  the  professional  advisers  of  the  Admiral- 
ty to  adopting  compound  engines  for  the 
Blonde  on  the  score  of  the  size  of  cylin- 
der required  alone.  This  ship  is  an  un- 
armored frigate  of  the  Inconstant  class, 
with  a  single  screw,  and  according  to  evi- 
dence given  before  the  Committee  on  De- 
signs her  horse-power  is  to  be  7,500 
indicated.  In  order  to  bring  them  below 
the  water-line  the  engines  must  be  horizon- 
tal, and  to  give  the  same  capacity  for  ex- 
pansion as  the  Goshawk's,  for  example, 
the  cylinders  would  require  to  be  of  im- 
practicable dimensions  if  the  engine  were 
made  with  two  cylinders  only.  Taking  the 
speed  of  piston  at  600  ft.  per  min.,  and  the 
volume  swept  per  indicated  horse-power  at 
17  cubic  ft.,  the  high-pressure  cylinder 
would  require  to  be  8  ft.  3  in.  in  diameter 
and  the  low-pressure  one  14  ft.  3  in.  Any 
attempt  to  obtain  cylinders  of  manageable 
size  by  giving  a  higher  velocity  of  piston 
would  involve  serious  loss  of  efficiency  with 
any  known  form  of  screw,  and,  as  pointed 
out  by  Mr.  Wright  in  his  evidence  before 
the  Committee  on  Designs,  four  cylinders 
would  in  fact  be  required  in  order  to  give 
a  practicable  arrangement. 

In  a  ship  of  this  description,  with  the 
machinery  so  much  exposed  to  projectiles, 
we  should  be  inclined  to  divide  the  cylinder 
capacity  between  two  pairs  of  simple  ex- 
pansive engines,  with  parts  interchangeable, 
even  at  the  risk  of  loss  in  point  of  economy 
of  fuel ;  and  an  arrangement  might  then 
be  adopted  which  would  greatly  diminish 
the  risk  of  disablement  of  the  engines  in 
action,  and  would  add  to  the  safety  of  the 
ship,  by  giving  two  compartments  of  reason- 
able size  instead  of  a  single  one  of  objection- 
able length.  One  pair  of  engines  could  be 
|  placed  abaft  the  boiler-rooms  as  usual,  and 
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the  other  pair  between  the  forward  and 
after  boiler-rooms.  Accidents  to  the  forward 
engines,  or  the  flooding  of  that  compart- 
ment, would  not  affect  the  after  engines, 
but  serious  injury  to  the  after  pair  alone 
would  involve  the  risk  of  total  disablement. 
The  probabilities  are,  however,  in  favor  of 
the  connection  between  the  propeller  and 
the  forward  engines  remaining  intact,  as  a 
shaft  of  the  large  size  required  in  this  case, 
placed  in  the  position  it  would  occupy, 
would  stand  a  good  chance  of  escaping  fatal 


injury.     A  similar  arrangement  might  be 
carried  out  with  twin  screws. 

The  protection  obtained  by  providing 
partial  armor,  as  in  the  Russian  cruisers 
referred  to  in  an  article  in  our  last  number, 
gives  many  advantages  so  far  as  the  ma- 
chinery is  concerned  ;  and  we  think  it  is 
quite  possible,  by  a  judicious  arrangement 
of  the  whole  of  the  machinery,  to  make  a 
ship  of  this  class  (provided  with  the  tor- 
pedo) a  formidable  antagonist  for  a  com- 
pletely-protected iron-clad. 


LARGE  ROOF  COVERINGS. 


From  "The  Engineer. 


We  once  knew  a  respectable  and  trusted 
septuagenarian  civil  engineer,  always  deem- 
ed "  a  safe  man,"  and  who  had  risen  from 
the  ranks  under  Telford,  and  who  had  in 
the  course  of  years  collected  a  large  bound- 
up  folio  of  designs  of  all  sorts  taken  from 
executed  works,  chiefly  of  Telford  and  of 
John  Hennie.  Whenever  he  was  called 
upon  for  a  design,  out  came  this  folio  Bible 
— the  appropriate  engineering  text  was 
looked  out,  and  Mr.  Blank  soon  came  forth 
for,  as  it  might  be,  a  set  of  dock  cranes, 
with  designs  line  for  line  as  the  magister 
had  designed  them  nearly  fifty  years  before. 

It  was  conveniently  safe  practice,  for  had 
not  all  these  designs  been  seen  to  answer 
their  purpose  ?  and  it  saved  a  vast  deal  of 
trouble  and  all  calculation,  which  might 
have  proved  difficult.  But  it  was  often  ex- 
pensive to  Mr.  Blank's  clients,  and  some- 
times struck  the  younger  and  outside  world 
as  being  "behind  time" — as  when  John 
Rennie's  cast-iron  crane  jibs,  or  those  of 
Telford,  with  tensile  and  strut  members  of 
such  jibs  all  framed  in  oak,  made  their  ap- 
pearance after  the  post  wrought-iron  epoch 
of  engineering  had  set  in.  This  sort  of 
engineering,  according  to  sample  merely, 
has,  happily,  nearly  or  quite  died  out,  but  it 
holds  its  sway  very  much  amongst  the  pro- 
fessors of  the  elder  sister  art  of  architec- 
ture. 

"  Precedent,"  often  ill  understood  as  to 
what  it  really  means,  there  rules  supreme 
amongst  the  more  mediocre  men  at  least  of 
that  noble  profession.  "Behold  the  old 
paths,  walk  ye  in  them,"  is  very  generally 
as  much  the  creed  of  the  church  architect 
as  of  those  who  are  supposed  to  teach  under 
the  roof  he  has  reared. 


"Art" — properly  so  called — fine  art — is, 
except  indirectly  or  occasionally,  outside 
our  proper  province  ;  we  shall  not,  there- 
fore, enlarge  upon  the  true  scope  and  uses 
of  "  precedent,"  for  which  we  may  refer  our 
readers  to  the  lucid  views  of  Viollet  le  Due, 
who,  in  the  noble  article  "Constructions,"  in 
his  great  "  Dictionnaire  de  l'Architecture," 
has  well  pointed  out  the  difference  between 
that  slavish  imitation  of  ancient  methods  and 
forms,  because  they  are  ancient,  which  is  in 
all  nations  and  times  a  mark  of  the  decay 
of  art,  and  intelligent  reasoning  out  which 
evolves  its  design  with  a  full  knowledge  and 
feeling  for  the  old,  but  with  a  clear  and 
logical  perception  of  the  materials,  the  me- 
thods, the  uses  and  intentions  of  the  new. 
It  was  this  intelligent  reasoning  out  of  their 
.designs  in  view  at  once  of  the  past,  of  the 
aim  and  uses  of  the  edifice,  of  the  materials, 
the  skill  of  the  workman,  and  all  other 
concrete  conditions  as  well,  and  not  a  mere 
construction  by  "  recipe,"  that,  as  Viollet 
le  Due  has  shown,  really  characterized  the 
architects,  whether  lay  or  cleric,  of  the 
middle  ages,  whose  greatest  works  in  cha- 
teaux, town  halls,  abbeys,  or  cathedrals,  still 
satisfy  the  cultured  man  with  the  sense  of 
united  fitness,  beauty,  grandeur,  and  dura- 
bility. 

We  have  been  led  to  these  remarks,  as 
the  question  has  risen  in  our  minds,  What 
is  likely  to  be  the  method  of  restoration  to 
be  adopted  as  to  the  partially  burnt-off  roof 
of  Canterbury  Cathedral  ?  Being  but  par- 
tially burnt,  it  is  but  too  probable  that  the 
economic  consideration  of  utilizing  what  re- 
mains may  come  to  the  help  of  blind  pre- 
cedent in  deciding  that,  as  heavy  timbering 
and   lead    cover  wero   deemed   the   proper 
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thing  when  the  cathedral  was  originally 
roofed,  so  it  ought  to  be  and  shall  be  the 
right  thing  still ;  and  so  the  new  roof  shall 
be  as  combustible  and  as  constantly  after  a 
while  needing  expensive  and  dangerous  re- 
pairs as  that  which  has  in  part  perished. 

Now,  we  might  quote  the  very  words  of 
Viollet  le  Due — the  greatest,  most  practical, 
and  most  cultivated  of  mediaeval  architects 
— in  our  support  when  we  affirm  that  if  the 
architects  of  the  eleventh  to  the  fifteenth 
centuries  had  had  iron  at  their  command  in 
the  facile  forms  and  abundance  that  we 
have,  they  never  would  have  designed  a 
timber-framed  roof;  and  we  do  hope  that 
those  with  whom  the  decision  at  Canterbury 
may  rest  may  determine  upon  sweeping 
away  what  remains  of  the  partly  burnt 
timber  roofing,  and  replace  the  whole  with 
a  well-designed  roof- frame  in  wrought-iron. 

This  is  what  actually  was  done  with  the 
fine  Cathedral  of  Chartres,  in  Trance,  after 
the  ancient  roof  was  burnt  in  1835,  if  we 
remember  rightly.  But  then  comes  the 
question  of  covering  for  such  a  roof  placed 
upon  a  Gothic  cathedral,  and  upon  this 
point,  which  has  far  wider  relations,  and 
ought  not  to  be  without  its  instructive  les- 
sons to  the  engineer  as  well  as  the  architect, 
we  purpose  offering  some  remarks.  The 
iron  framing  for  such  roofs  should  be  de- 
signed upon  a  widely  different  type  from 
that  admissible  or  best  for  the  exposed  and 
visible  skeleton  of  roofing,  often  of  vast 
span,  for  railway  stations,  markets,  exhibi- 
tion buildings,  etc. ;  in  all  these  the  cover- 
ing material  is  light,  and  a  large  amount  of 
elasticity,  or  even  flexure  and  spread  in  the 
structure  are  allowable.  The  iron  frame 
over  the  light  and  adventurous  stone  groin- 
ing of  a  cathedral  must  neither  grip  the 
walls  nor  tend  to  spread  them.  It  must  so 
rest  upon  the  walls  as  to  accommodate  it- 
self to  gutter,  parapet,  and  pinnacle,  and 
its  arrangement  of  internal  parts  must  be 
such  as  to  allow  the  freest  possible  space 
and  passage  from  end  to  end  over  the  groin- 
ing, nowhere  to  be  touched  by  iron ;  and,  for 
reasons  chiefly  connected  with  the  covering, 
the  frame  must  be  very  rigid,  and  yet  its 
rigidity  not  obtained  by  ponderous  scant- 
lings and  lavish  expenditure  of  material, 
but  rather  by  the  just  and  mechanical  dis- 
position and  combination  of  its  parts. 

The  designs  for  the  iron  roofing  of  the 
Houses  of  Parliament,  by  the  late  Sir 
Charles  Barry,  architect,  combined  several 
of  these  conditions ;  and  though  the  frame 


is  overloaded  with  material — even  consider- 
ing the  very  heavy  metallic  covering — these 
roofs  would  have  presented  a  very  favorable 
adaptation  of  new  material  to  Tudor  archi- 
tecture had  they  not  been  marred  by  the 
unfortunate  application  of  plates  of  galva- 
nized cast  iron  for  the  covering.  That  adop- 
tion was  the  result  of  imperfect  knowledge 
of  the  minuter  chemical  and  physical  prop- 
erties of  the  material  which  is  often  as 
disastrous  as  absolute  ignorance.  Sir 
Charles  Barry  was  satisfied  with  the  com- 
mon loose  dictum — which  even  still  we  hear 
every  now  and  then  repeated  by  engineers 
and  architects,  though  based  upon  nothing 
but  imperfect  observation — that  cast-iron 
rusts  much  more  slowly  than  does  wrought 
iron,  and  he  had  great  confidence  in  the  fact 
at  that  time  much- vaunted  and  well  "  certi- 
ficated," of  invulnerability  of  f galvanized 
iron  when  exposed  to  the  corrosive  agency 
of  air  and  moisture.  Of  three  capital  facts 
he  seems  to  have  no  knowledge  : — (1.)  That 
the  air,  rain,  dew,  and  fog  of  our  coal-burn- 
ing cities  act  very  differently,  and  with 
much  greater  intensity  upon  iron — whether 
cast  or  wrought — than  do  the  air  and 
precipitations  of  extra  civic  places.  (2.) 
That  galvanization  (zincking)  can  produce 
but  the  most  imperfectly  continuous  coating 
upon  east  iron ;  that  all  iron  corrodes  un- 
equally, or  by  "  pitting,"  cast  iron  especially, 
and  that  the  latter  is  so  heterogeneous  a 
compound  as  to  initiate  its  own  corrosion, 
— so  that  a  thick  plate  may  rapidly  eat  into 
holes  at  places,  while  its  general  surface  is 
little  affected.  (3.)  That  galvanizing,  even 
when  perfectly  done — as  it  only  can  be 
upon  wrought  iron — presents  but  the  most 
ephemeral  resistance  to  corrosion  when  im- 
mersed in  water,  or  when  freely  exposed  to 
air  and  moisture  of  coal-burning  cities. 

The  result  on  the  Houses  of  Parliament 
has  been  that  the  thick  covering  plates  of 
galvanized  cast  iron  were  rusty  and  eating 
into  holes  within  four  or  five  years  after 
their  being  laid  ;  and  a  foreign  chemist — 
armed,  it  was  rumored,  by  some  occult 
patronage  of  the  late  Prince  Albert — was 
brought  in  to  doctor  them  with  "Zopissa's" 
and  "  granitic  paint?."'  which,  we  believe, 
have  proved  in  this  case  neither  better  nor 
worse  than  the  imperfect  cover  given  In- 
inferior  oil  paints,  which  have  resulted  in 
providing  the  satisfactory  privilege  to  the 
scientific  inventor,  of  having  a  monopoly  in. 
making  the  outside  of  the  platter  and  cup 
clean  to  the  public  eye  by  about  an  annual 
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coat  of  paint  upon  the  vast  surface  of  those 
roofs,  the  local  corrosion  of  which  is  going 
on  beneath  nevertheless. 

Let  us,  therefore,  put  any  covering  of 
cast  or  wrought  iron  plates — galvanized  or 
not — out  of  the  record  for  roofing  of  future 
city  or  town  public  buildings.  We  make 
no  exception,  either  of  the  "  Lavenant"  or 
other  enamelled  iron ;  for,  although  that 
thin,  glassy  covering  is  unquestionably  re- 
sistant of  corrosion,  even  in  coal-snioke- 
loaded  air,  surfaces  so  treated  will  not  bear 
walking  over,  or  being  exposed  to  scratches 
or  rubbing  of  any  sort,  without  loss  of  their 
protection.  Then,  as  to  lead,  we  must  equal- 
ly repudiate  it,  though  for  a  different 
reason.  It  must  be  laid  upon  a  continuous 
surface  of  support.  We  cannot  lay  it  upon 
any  open  system  of  rafter  and  purlin  of 
iron;  we  must  "  sheet"  over  these  ;  and  no 
material  suitable  for  such  sheeting  is  to  be 
found  except  the  old  timber  boarding  ;  and 
this  alone  remaining  combustible  upon  an 
iron-framed  roof,  the  latter  would  be  much 
less  likely  to  be  destroyed  by  fire  than  if  the 
frame  were  timber  also ;  still  the  whole 
structure  would  not  be,  as  it  ought,  as  per- 
fectly incombustible  as  the  stone  groining 
beneath. 

The  lead  on  Chartres  Cathedral  was  laid 
in  breadths  of  only  about  2  ft.  wide  between 
the  "  rollcaps,"  each  sheet  being  about  5  ft. 
long,  and  in  thickness  about  6  millimetres, 
or  nearly  |-  in.  Thus,  well  laid  and  so  thick, 
there  were  considerable  surfaces  that  had 
been  laid  in  the  thirteenth  century,  and  still 
prior  to  1835,  free  from  crack  or  defect. 
This,  however,  is  an  extreme  case,  and  does 
not  influence  what  we  adduced  in  a  previous 
impression  as  to  the  constant  necessity  for 
patching  lead  roofing. 

Pure  and  well-manufactured  metallic  zinc 
in  rolled  sheets,  such  as  are  produced  so 
largely  in  Silesia  and  in  Belgium,  stands  in 
a  very  different  category  from  that  of  gal- 
vanized iron  as  a  covering.  In  an  atmos- 
phere reasonably  free  from  coal-smoke  it  is 
extremely  durable,  and  it  even  resists  toler- 
ably the  saline  atmosphere  of  the  sea-shore. 
It  is  not  rapidly  acted  upon  by  smoke-laden 
air,  but  yet  it  is  acted  on,  and  hence  can 
only  with  hesitation  (notwithstanding  some 
important  decisions  to  the  contrary  on  the 
Continent,  which  have  so  far  justified  them- 
selves) be  recommended  for  cathedral  or 
other  important  roofing.  It  possesses,  on 
the  other  hand,  great  structural  and  artistic 
advantages.     It  can  be  laid  upon  open  iron 


roof  framing  without  any  sheeting  beneath, 
and  when  properly  laid  it  never  "  cracks" 
nor  needs  repair  as  lead  does.  It  is  not 
deteriorated  by  the  rough  contact  of  ladders 
or  boot-soles.  It  lends  itself — through  its 
great  softness  and  mouldability  when  heated 
to  about  300  deg.  Fakr. — to  the  production 
of  the  boldest  as  well  as  the  most  delicate 
or  complex  artistic  forms  of  the  architect ; 
and  hence  is  a  precious  material  for  the 
production  of  enriched  dormers  or  roof- lights, 
ridge  or  gable  crests,  finials,  etc.,  as  may  be 
seen  in  multiplied  instances  in  Berlin  and 
many  other  cities  of  Germany  and  Belgium, 
the  sky-lines  of  which  are,  thanks  to  this 
material,  often  very  good  and  striking. 

It  has  been  alleged  of  zinc  that  in  the 
high  temperature  and  powerful  currents  of 
air,  of  prolonged  or  serious  conflagrations, 
the  metal  itself  takes  fire  and  separates  into 
flying  flakes  of  incandescent  metal.  That 
the  great  affinity  of  zinc  for  oxygen  at  or 
above  a  red  heat  may  produce  this  result  is 
certain ;  but  we  believe  the  instances  as 
connected  with  roofing  have  been  very 
rare  and  exceptional,  and  the  evil  results 
exaggerated,  if  not  imaginary.  Zinc  will 
not  burn  at  all  unless  the  source  of  heat  to 
which  it  is  exposed  be  kept  up.  If  a  com- 
bustible roof  be  burnt,  fire-brands  must  fly 
about,  and  it  matters  not  whether  they  be 
of  wood  and  charcoal  or  of  zinc.  But,  laid 
on  iron,  it  is  certain  that  there  is  nothing 
either  to  set  the  zinc  on  fire,  or,  if  on  fire, 
to  keep  up  that  which  soon  goes  out  of  its 
own  accord.  Although  we  prefer  for  all 
important  roofs  still  more  imperishable  ma- 
terials, we  think,  for  the  above  reasons,  that 
pure  sheet  zinc,  in  ample  thickness,  is  well 
worthy  the  consideration  of  and  much  wider 
employment  by  the  British  architect  and 
engineer. 

It  is  highly  probable  that  the  existing 
dangerous  lead-covered  and  timber-framed 
outer  dome  of  St.  Paul's  might  be  removed, 
and  a  new  iron  frame  to  the  dome  covered 
over  with  zinc  substituted,  for  not  very 
much  more  than  the  value  of  the  old  ma- 
terials, especially  the  enormous  mass  of 
lead,  thickly  plastered  over  with  the  solder- 
ings  of  six  generations.  The  zinc  would 
keep  its  beautiful  grey  tone  of  color  per- 
manently, and  not  present  the  sooty  black- 
ness of  the  existing  lead. 

W  e  must  pass  on  from  zinc,  however,  to 
split-slates,  now  our  almost  universal  roof- 
covering.  So  far  as  durability  and  staunch- 
ness, coupled  with  a  considerable  power  of 
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resistance  to  disintegration  by  fire,  go,  per- 
haps no  material  can  excel  common  slate 
naturally  of  good  cpiality.  In  some  of  the 
roofing  slate  districts  of  the  Continent,  as  in 
the  Ardennes,  about  Angers,  etc.,  examples 
exist  of  its  use  dating  from  the  twelfth 
century,  and  it  is  known  to  have  been  em- 
ployed in  the  preceding  century,  if  not  be- 
fore. Probably  no  more  permanent  and 
safe  roof  can  be  devised  than  one  of  good 
Welsh  "Ton"  slates  laid  on  iron  framing, 
tied  on  with  plaited  copper  wire,  and  close 
rendered  with  good  mortar  or  cement  at 
the  under  side. 

The  incurable  defect  of  split- slate  roofing, 
as  applied  to  buildings  of  an  artistic  and 
important  character,  however,  is  the  bald- 
ness and  unimpressive  character  of  its  sur- 
face. The  ingenuity  and  skill  of  generations 
of  architects  and  of  slaters  have  been  ex- 
pended in  vain  in  trying  to  remedy  this. 
In  the  slate  regions  of  Trance  and  Germany 
split  slating  can  be  seen  cut  into  all  sorts  of 
fantastic  forms — scale-shaped,  scolloped, 
laid  in  diagonal  courses,  laid  diamond 
ways,  and  in  a  hundred  other  shapes  and 
ways. 

In  our  own  country  and  time  our  archi- 
tects have  tried  the  combination  of  different 
colored  slates,  such  as  of  the  rich  blue 
Welsh  slate  with  the  green  of  Delabole,  etc.; 
but  the  failure  of  all  these  methods  to  re- 
move the  bald  monotony  of  a  surface  made 
up  of  plates  so  thin  and  with  such  splinter- 
ed and  thinned  off  edges  as  to  refuse  to 
give  any  relief  by  shadow,  proves  that  the 
evil  is  radical,  and  no  more  incongruous  or 
degrading  character  of  roof  covering  could 
perhaps  be  placed  upon  a  grand  and  ornate 
Gothic  church  or  cathedral  than  one  of  what 
we  call  "  slating." 

The  most  permanent  as  well  as  cheapest 
and  simplest  roofs  in  the  world  have  been 
those  of  the  Greek  and  Roman  architects, 
composed  wholly,  like  that  of  the  Pantheon, 
of  brick  and  stone — simply  a  huge  mass  of 
rubble  masonry,  carried  by  arch  or  dome, 
and  externally  covered  by  slabs  of  stone  or 
flagsrino;. 

The  early  church  builders  employed  this, 
but  soon  found  out  that  unless  the  covering 
flagging  was  impermeable  to  capillary 
moisture,  as  well  as  the  joints  water-tight, 
the  whole  mass  of  masonry  got  gradually 
saturated  with  moisture,  and  ceilings  below 
were  injured.  The  method  did  well  enough 
perhaps  for  a  climate  blessed  with  a  long 
dry  season  and  a  fine  sun  all  the  year,  but 


the  French  and  German  church  builders 
soon  found  that  the  case  was  very  different 
in  their  climates,  and  hence  they  adopted  the 
excellent  expedient  of  separating  the  cover- 
ing of  flagstones  from  their  arches  or  groin- 
ing beneath,  by  supporting  the  former  on 
stone  purlins  laid  across  and  bedded  into 
slender  spandrel  arches  sprung  above  the 
groining,  so  that  a  free  passage  for  air,  and 
also  for  examination  and  repairs,  Avas  left 
between.  They  also  chiselled  the  flags, 
hollowing  their  upper  surfaces  so  as  to  run 
the  water  falling  on  them  rapidly  off  tow- 
ards the  centre  of  each  width,  and  giving 
raised  edges,  which  were  covered  by  stone 
roll  caps,  or  by  other  expedients  like  the  old 
Greek  or  Roman  tiling. 

Thus  arose  those  admirable  roofs  known 
in  Prance  as  "  en  dallage"  of  which  one 
most  instructive  example  to  both  engineer 
and  architect  may  be  seen  in  those  of  the 
clere-story  roofs  of  Notre  Dame  at  Paris. 
The  "  dalls "  being  hand- wrought,  must 
have  been  expensive  ;  but  they  were,  if  of 
good  stone,  i.e.,  if  not  absorbent  of  water, 
imperishable.  They  were  wrought  exteri- 
orly into  various  designs,  more  or  less, 
however,  subservient  primarily  to  their  use 
as  water-tight  coverings,  and  those  com- 
bining the  finest  play  of  light  and  shade 
and  repetition  of  beauty  in  form,  produced, 
as  may  be  still  seen  in  several  cases,  the  very 
noblest  architectural  effects. 

That  we  might  still  roof  our  cathedrals 
without  the  use  of  an  ounce  of  metal  of  any 
sort,  no  practical  constructor  probably  will 
deny.  Very  light  spandrel  ogival  arches  in 
brick  and  Portland  cement,  with  the  ex- 
trados  filled  up  to  the  line  of  the  roof  pitch 
or  surface,  and  crossed  at  short  intervals  by 
purlin  bars  of  sawn  Welsh  slate,  could  be 
covered  in  at  once  with  sawn  slate,  "  dolls" 
rolls,  and  ridge  caps. 

But  with  our  existing  mechanical  and 
other  resources  we  can  do  still  better.  We 
may  cover  a  stiff  iron-framed  roof  with 
suitably  formed  "  dalls,"  machine- wrought 
in  Welsh  or  Irish  sawn  slate,  that  shall 
possess  all  the  beauty  and  character  of  the 
ancient  examples. 

Slate  slabs  of  5  ft.  or  6  ft.  long,  by,  per- 
haps, half  that  in  width,  of  say.  1 1  in.  in 
thickness,  could  be  at  a  cheap  rate  hollowed 
down  by  revolving  cutters,  so  as  to  leave 
the  needful  raised  edges  round  the  sides  and 
ends  at  whichever  surface  of  the  slab  re- 
qivired,  and  raised  or  incised  ornaments 
might  thus  be  produced  at  the  same  time  in 
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endless  variety  on  the  exposed  surfaces. 
When  finished  the  average  weight  of  the 
slab  would  be  only  about  that  of  an  equal 
surface  of,  say,  |  in.  to  1  in.  in  thick- 
ness, and  such  slabs  would  remain  steady 
in  place  in  the  highest  winds  by  their  own 
weight. 

We  suggest  this  not  only  to  our  architects, 
but  to  those  interested  in  our  great  slate 
industry,  to  whom  it  would  rapidly  give  a 
new  and  lucrative  branch  of  trade  ;  for  such 
machine-made  slate  "  dalls,"  or  tiles,  as 
perhaps  we  might  call  them,  would  soon  be 
valued  by  the  architect  and  builder  for  the 
roofs  of  many  other  classes  of  buildings  as 
well  as  ecclesiastical  ones.  The  color  or  tint 
of  slate,  whether  blue  or  green,  is  not  liable 
to  much  objection,  and  here  we  should  ob- 
tain what  slating  wants — fine  play  of  sur- 
face lights  and  well  cut  shadows.  The 
reference  to  color,  however,  suggests  to  us 
that  in  the  existing  state  of  our  ceramic  arts, 
fiat  glazed  tiles,  quite  as  large  as  "  dall " 
slabs,  could  be  readily  produced  by  our 
potters  were  the  demand  for  some  of  them 
once  assured.  The  giving  a  light — white, 
grey,  or  buff — surface  color  to  large  tile 
slates,  such  as  we  refer  to,  by  means  of  a 
surface  opaque  enamel  burnt  on,  has  never, 
we  believe,  yet  been  done,  and  that   is  still 


needed  to  enable  a  tile-slate  roof  of  great 
dimensions  to  be  produced  with  the  full 
beauty  of  which  it  is  susceptible. 

In  Southern  Italy,  the  former  kingdom  of 
Naples,  and  in  Sicily,  roof  coverings  of  great 
beauty  are  seen  upon  ancient  churches  and 
monasteries,  formed  wholly  of  parti-colored 
glazed  tiles — white,  black,  yellow,  blue, 
brown,  etc.,  laid  in  various  patterns.  There 
under  a  brilliant  sun,  and  on  a  scale  not  too 
large,  the  effect  is  often  very  charming.  But 
too  much  or  too  bright  colors  do  not  suit 
our  dull  climate  or  buildings,  nor  very  large 
roofs.  On  buildings  of  great  magnitude, 
ecclesiastical  or  not,  or  in  whatever  style, 
in  which  the  roof  properly  forms  an  impor- 
tant feature  in  the  general  effect,  the  ma- 
terial of  the  roof  covering  will  best  be  of 
light  but  neutral — at  least  not  too  boldly 
pronounced — color,  that  shall  harmonize 
with  the  prevailing  tint  of  the  building  itself, 
carrying  the  eye  upwards  to  the  sky-line 
above. 

We  believe  that  all  the  aims,  then,  struc- 
tural and  aesthetic,  of  the  higher  class  of 
roofing,  may  be  fulfilled  by  wrought  iron 
framing,  covered  in  with  machine-carved 
slabs  of  sawn  slate,  or  with  those  formed 
and  decorated  by  the  improved  apparatus 
and  the  decorative  resources  of  the  potter. 


ROADS  OR  RAILWAYS. 


From  "The  Engineer. ' 


At  the  present  time,  when  both  iron  and 
coal  have  reached  unprecedented  prices,  the 
construction  and  maintenance  of  railways 
which  are  essentially  dependent  upon  these 
two  materials  for  their  existence  and  utility, 
become  a  subject  of  serious  consideration. 
It  is  not,  however,  at  home,  where  both  coal 
and  iron  can  be  obtained,  but  abroad,  where 
they  cannot,  that  the  question  becomes  in- 
vested with  the  greatest  amount  of  interest. 
But  even  at  home  the  significant  fact  cannot 
be  overlooked,  that  a  contract  has  been  re- 
cently entered  into  with  a  French  company 
to  deliver  at  an  English  port  250,000  tons 
of  coal.  The  instances  to  which  we  espe- 
cially allude  in  connection  with  our  subject 
are  those  which  concern  the  future  pros- 
pects of  countries  in  which  either  coal  and 
iron  do  not  naturally  exist,  or  have  hitherto 
remained  undisturbed  in  the  earth.  Evi- 
dently there  is  one  of  two  courses  open  to  the 
inhabitants  of  such  countries  if  they  are  de- 


sirous of  advancing  in  the  path  of  civilization. 
One  is  to  develop  their  own  natural  mineral 
resources,  and  the  other  to  avail  themselves 
of  those  of  other  nations.  The  former, 
in  a  perfectly  new  and  unopened-up  country, 
is  a  work  of  considerable  time,  and,  more- 
over, cannot  be  carried  out  without  the  ex- 
istence of  some  routes  of  interconfmunica- 
tion.  The  latter  is  a  question  of  expense, 
and  depends  also  upon  the  condition  the 
country  is  in  with  respect  to  roads.  It  is 
not  too  much  to  assert  that  the  cost  of  the 
freight  of  coal  and  iron  in  a  country  in 
which  scarcely  any  except  "bridle"  roads 
exist,  practically  prohibits  the  introduction 
of  these  valuable  materials.  The  construc- 
tion of  railways  in  a  country  so  situated 
evidently  becomes  undesirable  from  several 
points  of  view.  In  the  first  place,  their  cost 
would  be  enormous  ;  secondly,  they  are  not 
needed ;  and,  thirdly,  they  would  not  pay. 
Railways    cannot   feed   themselves,   as  our 
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Indian  experience  has  taught  us.  To  come 
near  home,  let  us  take  a  country  similar  to 
Greece,  in  which  bridle-roads  are  numerous, 
and  high  roads  very  few  and  far  between. 
It  is  true  that  the  cost  of  freight  to  Patras 
or  any  other  port  is  not  of  a  prohibitory 
character,  but  the  transport  of  materials  in 
the  interior  of  the  country  would,  indepen- 
dently of  the  cost,  be  in  many  cases  abso- 
lutely impr  tcticable.  The  same  statement 
holds  good  with  double  force  for  many  States 
in  South  America,  and,  in  fact,  for  numer- 
ous countries  over  the  whole  face  of  the 
globe,  which  are  possessed  of  immense 
mineral  wealth,  but  totally  unprovided  with 
the  means  of  procuring  it,  and  transporting 
it,  and  rendering  it  generally  productive  and 
beneficial  to  the  inhabitants  themselves  and 
the  rest  of  the  world.  It  is  idle  to  talk  of 
establishing  railways  in  countries  so  entirely 
destitute  of  all  routes  of  communication. 
Roads  are  the  necessity ;  good  common  roads 
well  drained,  well  metalled,  or  with  a  hard 
top  surface  of  some  sort,  laid  upon  a  sound 
solid  substratum.  Whether  in  the  laying 
out  of  these  primary  roads  it  would  be  ad- 
visable to  take  into  consideration  the  pos- 
sible subsequent  conversion  of  them  into 
railroads,is  a  matter  which  must  depend  upon 
the  local  features  of  the  country,  and  the 
circumstances  attendant  upon  each  particu- 
lar case.  As  a  rule  we  should  be  inclined 
to  advise  that  the  two  ideas  be  not  jumbled 
up  together.  Let  the  road  be  laid  out  and 
constructed  for  the  exact  purpose  for  which 
it  is  intended.  Alterations  and  conversions 
are  at  the  best  but  makeshifts,  and  seldom 
afford  that  complete  satisfaction  which  re- 
sults from  works  which  are  intact  in  unity 
of  design  and  execution. 

Imitation  is  not  always  judicious.  It  is 
frequently  very  unwise  to  adopt  in  one  in- 
stance a  conclusion  that  has  been  arrived 
at  in  another,  unless  the  premises  in  both 
cases  are  precisely  identical.  It  would  be 
well  if  this  were  borne  in  mind  by  those 
who  advocate  in  a  reckless  manner  the  in- 
troduction of  railways  in  wild  and  undevel- 
oped countries  in  which  there  is  not  a  single 
road,  in  the  most  literal  signification  of  the 
term.  The  advantages  that  we  ourselves 
enjoy  from  a  regular  system  of  internal 
railway  communication  cannot  be  trans- 
ferred instantaneously  to  another  country 
which  is  totally  destitute  of  that  other  and 
almost  equally  important  means  of  trans- 
port, ordinary  roads.  Those  who  maintain 
that  they  can,  must  either  be  wilfully  or 


ignorantly  blind  to  the  fact  that  before  a 
foot  of  railway  was  laid  down  in  England, 
there  existed  a  complete  network  of  high 
roads  throughout  the  whole  land.  Our 
turnpike  roads  can  compare  with  any  in  the 
world,  both  with  respect  to  dimensions, 
condition,  and  general  contours.  Before 
the  railways  in  England  were  constructed, 
the  feeders  in  the  shape  of  roads  were  ready 
to  supply  them.  In  a  word,  the  roads  were 
made  first  and  the  railways  afterwards,  and 
although  this  was  a  purely  fortuitous 
sequence,  yet  experience  has  since  demon- 
strated that'it  is  the  proper  course  to  pursue, 
the  correct  order  of  events,  in  all  new  coun- 
tries. To  every  rule  belong  exceptions,  and 
there  are  some  exceptions  to  the  one  we 
have  laid  down.  It  is  quite  possible  that 
the  construction  of  a  railway  in  a  new 
country  may  be  of  greater  importance  than 
that  of  an  ordinary  road.  The  line  from 
New  York  to  San  Francisco  is  an  excellent 
example  in  point.  But  upon  a  little  reflec- 
tion it  will  be  seen  that  this  great  continen- 
tal line  is  not  so  much  a  route  of  internal  as 
of  external  intercommunication.  It  is,  in 
fact,  a  national  highway.  It  unites  the 
shores  of  the  Atlantic  with  the  coast  of  the 
Pacific,,  and  is  now  the  principal  connecting 
link  between  Western  civilization  and  Ori- 
ental barbarism.  Lines  of  railway  similar 
to  this  are  sui  generis,  and  owe  their  origin 
not  so  much  to  the  necessities  of  the  district 
through  which  they  pass  as  to  the  demands 
made  for  their  construction  by  the  wants 
and  wishes  of  the  world  at  large.  There  is 
no  doubt  that  the  Central  Pacific  line  will 
ultimately  prove  of  immense  benefit  in 
opening  up  the  internal  resources  of  the 
States  ;  but  until  feeders  and  branch  lines 
are  established  its  utility  will  be  chiefiy 
confined  to  the  purpose  which  really  dic- 
tated its  formation. 

It  will  be  admitted  that  in  fir  distant 
lands  where  the  transport  of  materials  into 
the  interior  becomes  impracticable  when 
any  separate 'portion  exceeds  in  weight  the 
tenth  part  of  a  ton,  it  is  of  the  greatest 
possible  advantage  that  those  which  are 
necessary  for  the  construction  of  any  engi- 
neering or  architectural  work  should  be 
found  in  the  country  itself.  It  is  true  that 
there  are  many  varieties  of  roads,  and  in 
this  respect  there  is  a  similarity  between 
them  and  railways.  There  are  unqiiestion- 
ably  numerous  gradations  included  between 
the  corduroy  hues  in  parts  of  the  far  West, 
and  the  permanent  way  of  the  London  and 
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North- Western  Bailway.       The    same   di- 
versity will  be  apparent  between  the  open 
path  or  track,  only  distinguishable  by  trees 
that  have  been  "  blazed,"  or  by  the  wheel 
ruts  of  passing  vehicles,    and  the  modern 
boulevard  extending  from  Westminster  to 
Blackfriars.     The  three  essentials — timber, 
earth,  and  stone — necessary   for   the   con- 
struction of  common  roads  can  be  found  in 
every   country,    and   frequently   along  the 
line  of  route  itself,  or  in  close  proximity  to 
it.     The  value  of  this  consideration  cannot 
be  overestimated,  especially  in  the  case  of 
the  inland  territories  of  some   of  the  large 
continents.     In  some  of  these  the  cost  of 
the  freight  alone  for  a  single  ton  of  goods 
from  an  English  port  would  reach  £40.    It 
is  evidently,  therefore,  of  the  utmost  impor- 
tance to  be  able  to  open  up  a  country  placed 
in  this  unfortunate  position,  with  such  means 
as  are  to  be  procured  from  the  land  itself, 
the  quarries,   and  the   forest.     In    a   new, 
undeveloped,  and  perhaps  but  partially  ex- 
plored  country,    the  first  cost  of  work  is 
everything,  and  the  skill  and  practical  man- 
agement of  the  engineer  are  best  displayed 
in  availing  himself  of  the  two  cheapest  re- 
sources  at  his   command.     These  are  raw 
materials  and  unskilled  labor.    The  farther, 
to  use  a  familiar  phrase,  he  can  make  these 
"go,"  the  greater  reduction  he  will  effect  in 
the  first  cost  of  the  work.     This  item  will 
evidently  vary  with  the  width  of  the  road, 
although  the  character  of  its  formation  will 
have  also  some  influence  upon  it.     In  India 
— where  roads  are  the  urgent  want,  in  spite 
of  the   railways  which   have   been    made 
there — the   roads    are    divided    into    four 
classes — first,  second,  third,  and  fourth.    Of 
these  four,  two,  viz,  the  first  and  the  fourth, 
may  be  omitted  from  our  category,  inasmuch 
as  the  former  is  of  too  expensive  a  character, 
and   in   excess   of  the   requirements    of  a 
country  such  as  South  America  or  Australia. 
Especial  cases  may  arise  where  circumstan- 
ces might  warrant  the   adoption  of  a  first- 
class  road,  as,  for  example,  when  it  was  to 
serve  as  a  main  artery  to  which   a   large 
number  of  secondary  or  branch  roads  con- 
verged.    As  the  principal  commercial  outlet 
of  a  country,    its  construction   would  be  a 
matter  of  consideration  in  which  the  chief 
points  to  be  attended  to  would  be  the  amount 
of  the  traffic  to  be  accommodated  and  the 
national  finances.     The  roads  included  un- 
der the  fourth  class  are  neither  drained  nor 
metalled,  and  are  little  better  than  a  mere 
track   roughly   levelled    and   cleared,    and 


being  unprovided  with  bridges  or  culverts 
are  consequently  impassable  at  certain 
points  during  times  of  flood  and  in  the 
winter  season.  They  are  in  fact  nothing 
more  than  third-class  roads  in  their  prelim- 
inary stage.  The  difference  between  a 
second  and  third-class  road  consists  in  their 
respective  widths,  the  depths  of  metalling 
and  substratum,  and  the  dimensions  of  the 
bridges  and  drains.  It  is  evident  that  the 
latter  must  depend  almost  entirely  upon  the 
physical  character  of  the  district  through 
which  the  road  passes.  To  whatever  class 
the  road  may  belong,  with  the  exception  of 
the  fourth,  the  waterway  which  must  be 
given  to  the  culverts  and  bridges  is  alto- 
gether independent  of  the  position  it  occu- 
pies in  the  scale  of  construction.  It  follows 
from  this  that  a  road  might  rank  in  the 
third  class  so  far  as  its  width  and  other 
dimensions  were  concerned,  and  yet  belong 
to  the  second  or  first  class  with  respect  to  the 
waterway  of  its  drains,  culverts,  and  under- 
bridges. 

While  we  admit  the  necessity  of  paying 
great  attention  to  so  important  an  item  in 
all  engineering  works  as  the  cost,  we  are 
not  disposed  to  concur  in  the  views  of  those 
who  regard  it  as  the  only  true  test  of  merit. 
The  proper  axiom  is  efficiency  first  and  cost 
afterwards,  and  neither  must  be  unduly 
sacrificed  to  the  other.  In  these  days  of 
cheese-paring  and  false  economy,  the  cart 
is  in  this  respect  unfortunately  often  put 
before  the  horse,  and  the  subsequent  un- 
harnessing of  the  animal,  and  placing  him 
in  his  correct  position,  frequently  entails  a 
greater  expense  than  would  have  been  re- 
quisite for  the  proper  performance  of  the 
operation  in  the  first  instance.  Notwith- 
standing that  there  are  numerous  thorough 
estimates  of  the  cost  of  roads  in  even  and 
uneven  grounds,  it  is  impossible  to  adduce 
a  rule  which  shall  be  generally  applicable, 
or  which  can  be  regarded  in  any  other  light 
than  that  of  an  approximation.  Each  ex- 
ample has  its  own  especial  circumstances 
and  conditions,  which  cannot  be  ascertained 
without  an  actual  survey  of  the  district 
which  is  to  be  opened  up  for  traffic.  In 
some  cases  the  land  is  obtained  gratis,  in 
others  the  materials  can  be  procured  on  the 
same  easy  terms,  and  in  others,  again,  both 
the  land  and  materials  are  in  the  hands  of 
the  Government,  and  are  delivered  over  free 
to  the  concessionaire,  so  that  the  expenses 
are  limited  to  those  of  plant  and  labor.  It 
is  obvious  that  as  one  or  more  of  these  con- 
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ditions  may  obtain  in  any  particular  in- 
stance, no  general  rule  can  be  laid  down 
with  regard  to  cost,  omitting  all  consideration 
of  the  great  influence  which  the  physical 
features  of  the  country  exercise  upon  this 
item. 

There  is  one  point  in  connection  with  our 
subject  to  which  particular  attention  should 
be  directed.  It  is  the  necessity  for  a  careful 
and  searching  preliminary  reconnaissance 
of  the  route  to  be  selected  for  a  road,  com- 
bined with  an  accurate  survey,  and  a  close 
series  of  levels,  both  trial  and  complete. 
Railway  engineers  are  very  apt  to  consider 
that  there  is  no  need  for  the  same  accuracy 


with  respect  to  the  surveying,  levelling,  lay- 
ing out  and  designing  of  a  road,  as  there  is 
for  similar  operations  when  railways  are 
concerned.  This  is  a  great  error,  and  one 
that  can  be  perceived  to  be  so  on  reference 
to  existing  roads  which  have  been  so  laid 
out  as  to  involve  a  rise  or  fall  of  several 
hundred  feet  more  than  the  total  difference 
of  level  between  their  respective  termini.  Of 
this  fact  we  may  be  certain :  the  more  care 
and  the  more  time  that  are  reasonably  spent 
in  determining  the  directions  and  gradients 
of  a  road  in  a  rough  country,  the  cheaper 
the  road  will  prove  in  construction  and  the 
better  adapted  it  will  be  for  its  duty. 


BAIL  WAY  BEAKES. 


From  "The  Engineer." 


It  has  been  said  that  until  a  bishop  is 
killed  on  some  of  our  railways  no  effectual 
measures  will  be  taken  to  prevent  railway 
accidents.  Whether  the  death  of  a  digni- 
tary of  the  Church  would  be  followed  by  a 
direct  and  immediate  improvement  in  the 
working  of  our  railway  system  will,  we 
hope,  long  remain  undecided.  Yet  it  is 
possible  that  a  bishop  might  be  put  to  a 
worse  use.  The  questionable  point  is  as  to 
whether  his  death  by  railway  violence  would, 
indeed,  insure  a  total  exemption  from  rail- 
way accidents  of  the  more  important  kind. 
While  any  uncertainty  attends  the  question 
it  would  not  be  fair  to  expect  a  bishop  to 
make  a  martyr  of  himself  for  the  good  of 
the  community.  It  is  not  unlikely,  how- 
ever, that  a  remedy  less  terrible  may  be 
found.  It  is  probable  that  if  railway  com- 
panies could  only  be  induced  to  look  at  the 
matter  from  a  common-sense  commercial 
stand-point,  all  the  benefits  would  be  ob- 
tained which  it  is  proper  to  hope  would  be 
secured  by  the  annihilation  of  a  dignitary  of 
any  kind.  We  are  about  to  try  to  make  it 
clear  to  railway  companies  that  it  would  be 
directly  to  their  interests  to  adopt  means, 
ready  to  their  hand,  by  which  they  might 
get  rid  of  the  worst  class  of  accidents  in 
working  their  lines. 

About  70  per  cent,  of  all  the  so-called 
accidents  which  occur  on  British  railways 
must  be  classed  under  the  head  of  collisions. 
It  is  impossible  to  have  a  collision  without 
losing  money.  The  experience  of  years  has 
fully  demonstrated  the  truth  of  this  propo- 
sition.    A  little  collision  may  be  bad  for  an 


outlay  of  about  £25.  A  great  one  involving 
considerable  loss  of  life  can  scarcely  be  had 
at  a  less  price  than  £20,000.  We  have  no 
means  of  determining  accurately  what  is 
the  average  cost  of  a  collision,  but  we  be- 
lieve that  we  shall  not  be  far  wrong  if  we 
estimate  the  direct  loss  to  such  a  company 
as  the  London  and  North- Western  at  about 
£10  per  mile  per  annum.  This  is  meant  to 
include  all  expenses,  as  well  as  those  incur- 
red in  effecting  trifling  repairs  to  engines 
and  goods  trucks,  due  to  a  small  "  pitch  in,' 
now  and  then,  as  the  weightier  matters  of 
compensation,  legal  expenses,  and  doctors' 
bills,  proper  to  a  heaw  collision.  An  ex- 
penditure of  from  £10",000  to  £30,000  a 
year  on  railway  accidents,  is  nothing  ab- 
normal, as  the  shareholders  of  not  a  few  of 
our  great  lines  know  to  their  cost.  Speak- 
ing after  the  dictates  of  plain  common  sense, 
is  it  not  a  puzzle  that  railway  companies 
will  not  exert  themselves  to  save  this  money  ? 
We  do  not  write  like  outsiders  addressing 
the  daily  press  in  the  "  silly  season;  "  on 
the  contrary,  we  speak  with  a  more  or  less 
intimate  technical  knowledge  of  what  is  and 
what  is  not  practicable  in  railway  working 
and  railway  management ;  and  in  the  lull 
light  of  this  knowledge  we  assert  that  colli- 
sions might  be  rendered  exceedingly  rare 
if  railway  companies  and  their  engineers 
would  only  take  the  trouble  to  avoid  them. 
To  make  our  meaning  clear  we  must  explain 
ourselves  a  little.  "There  will  always  be 
accidents  on  railways  due  to  the  negligence 
of  passengers  and  railway  servants.  Alen 
will  insist  on  entering  carriages  in  motion  ; 
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porters  and  guards  will  walk  incautiously 
on  crowded  lines ;  axles  will  break ;  rails 
will  give  way,  and  trains  will  run  down  em- 
bankments and  fall  through  bridges.  All 
these  accidents  are  in  a  sense  beyond  hu- 
man control,  but  they  represent  very  minute 
loses  to  the  railway  companies  as  compared 
with  those  entailed  by  collisions,  which,  as 
railway  men  know,  recur  with  a  frequency 
undreamt  of  by  the  general  public.  It  must 
be  admitted,  then,  that  by  eliminating  colli- 
sions from  the  list  of  casualties  to  which 
railway  plant  is  subject,  a  very  large  pecu  - 
niary  saving  would  be  effected  on  nearly 
every  line  in  the  kingdom.  This  much 
premised,  let  us  inquire  to  what  cause  col- 
lisions may  be  properly  attributed.  Of 
course  we  shall  be  told  that  they  are  due  to 
the  negligence  of  signal-men  or  drivers,  to 
fogs,  to  points  acting  badly  or  not  at  all, 
and  so  on.  Now,  we  dismiss  all  these 
statements  at  one  swoop.  They  carry  no 
conviction— they  do  not  touch  the  truth. 
All  collisions,  with  the  single  exception 
supplied  by  wagons  breaking  away  on  an 
incline,  result  directly  from  the  fact  that  a 
railway  train  running  at  speed  cannot  be 
stopped  promptly.  This  is  the  gist  of  the 
whole  matter.  Signals,  and  telegraphs, 
and  complicated  instructions,  are  all  ren- 
dered necessary  because  a  driver  cannot 
pull  up  an  express  train  travelling  at  forty 
miles  an  hour  in  a  hundred  yards.  There 
is  no  disputing  the  accuracy  of  this  propo- 
sition. ^  No  one  ever  yet  heard  of  an  in- 
stance in  which  many  yards  did  not  inter- 
vene between  the  trains  when  it  was  dis- 
covered that  a  collision  was  imminent.  If 
only  this  space  could  be  utilized  in  bringing 
the  advancing  train  to  rest,  all  danger  would 
be  at  an  end.  If  our  readers  accept  this 
proposition  as  true — and  they  cannot  elude 
it  any  more  than  they  can  combat  in — then 
is  half  our  work  accomplished.  We  have 
made  it  plain  that  by  conferring  the  power 
of  stopping  at  will  within  a  distance  of 
about  a  hundred  yards,  collisions  of  the 
more  serious  kind,  if  not  of  every  kind, 
would  become  matters  of  history  only.  They 
would  have  no  regular  existence — the 
vitality  of  the  evil  would  be  removed  for- 
ever. 

Now,  how  has  it  come  to  pass  that  rail- 
way men  generally  completely  ignore  this 
great  fact,  and  content  themselves  with 
providing  such  means  of  stopping  trains  as 
are  afforded  by  the  tender-brakes  and  those 
on  a  couple  of  guards'-vans — brakes  so  con- 


structed that  they  cannot,  such  as  they  are, 
be  got  into  operation  until  time,  every  se- 
cond of  which  is  worth  from  £10  to  £100, 
has  been  wasted?  It  is  very  difficult  to 
find  an  answer.  No  locomotive  superinten- 
dent, so  far  as  we  are  aware,  has  ever  in- 
vented, or  at  least  applied,  a  good  continu- 
ous brake  of  his  invention  on  the  Hue  under 
his  charge.  All  the  best  brakes  have  been  in- 
vented by  outsiders,  and,  literally,  forced  on 
the  companies.  In  this  matter  of  brakes  con- 
servatism has  fairly  run  mad.  In  every 
other  department  of  railway  construction 
and  working,  daily  improvements  have 
been  effected  for  the  last  thirty  years  ;  but 
the  popular  brake  of  to-day  is  identical  in 
every  respect  with  that  used  in  the  infancy 
of  the  Manchester  and  Birmingham  line. 
Why  this  should  be  the  case  baffles  us. 
The  steady  adherence  of  railway  companies 
to  an  old  and  imperfect  device  can  only  be 
regarded  as  one  of  those  psychological  prob- 
lems which  meet  every  thoughtful  student 
of  the  social  relations  of  life.  It  has  been 
urged  that  the  railway  companies  can  get 
nothing  better  than  the  old  brake.  Even  if 
this  were  true — and  it  is  false— still  the 
question  would  remain,  why  have  they  not 
tried  ?  and  they  have  not.  Again  it  is 
asserted  that  a  really  effectual  brake  would 
cost  too  much  money.  This  can  hardly  be 
the  reason,  because  we  find  companies 
spending  money  freely  on  costly  signalling 
apparatus,  rendered  necessary  solely  because 
the  trains  have  bad  brakes,  and  the  cost  of 
one  serious  collision  would  pay  for  fitting 
up  with  efficient  apparatus  nearly  every 
passenger  train  on  a  first-class  Hue.  The 
cause  must  be  sought  somewhere  else,  and 
we  confess  that  we  cannot  find  it,  unless  an 
apathy,  which  is  almost  criminal,  results 
from  the  belief  that  what  answered  many 
years  ago  will  do  well  enough  now,  and 
that  a  large  expenditure  for  new  brakes 
would  be  regarded  as  an  illegitimate  and 
unprecedented  waste  of  funds,  while  dis- 
bursements on  the  score  of  collisions  are 
regarded  as  strictly  normal  and  legitimate 
expenditures  proper  to  all  railways,  and  as 
unvoidable  as  the  income-tax  collector. 

It  is  perfectly  well-known  that  it  forms 
no  part  of  the  policy  of  this  journal  to  advo- 
cate the  adoption  of  patented  inventions.  It 
is  our  policy,  however,  to  advocate  the  adop- 
tion of  substantial  improvements  in  the  arts 
of  construction,  whether  they  are  or  are  not 
patented.  It  is  without  hesitation,  there- 
fore, that  we  state  our  conviction   that  by 
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the  adoption  of  such  a  brake  as  that  re- 
cently introduced  into  this  country  by  Mr. 
Westinghouse,  collisions  might  cease  to 
have  any  important  existence.  It  is  right 
that  we  should  explain  why  we  single  out 
the  Westinghouse  from  many  other  systems 
of  continuous  brake,  more  or  less  efficient, 
which  have  been  tested  in  this  country. 
The  reason  is  this  : — No  locomotive  super- 
intendent or  manager  is  justified  in  incur- 
ring a  large  expenditure  on  an  unheard  of 
or  comparatively  untried  invention.  We 
know  nothing  of  the  existence  of  any  other 
form  of  continuous  brake  which  has  been 
so  extensively  used  as  that  we  have  named. 
In  their  immediate  effect  all  continuous 
brakes  are  pretty  much  the  same,  when  once 
the  wheels  are  skidded.  The  difference 
lies  in  the  means  by  which  the  wheels  are 
skidded.  We  believe,  in  common  with  a 
very  large  body  of  engineers,  that  Mr. 
Westinghouse  has  solved  the  problem  of 
constructing  a  good  continuous  brake.  It  is 
quite  possible  that  a  far  better  brake  may 
be  invented,  but  with  this  we  have  nothing 
to  do.  The  Westinghouse  brake  has  pass- 
ed far  beyond  the  limits  of  the  first  stage. 
Its  construction  occupies  hundreds  of  hands, 


and  all  the  resources  of  a  manufacturing 
establishment  of  great  dimensions  in  the 
United  States.  All  the  principal  American 
lines  use  it  already,  or  are  adopting  it. 
Many  hundreds  of  the  little  air-pumping 
engines  have  been  made.  The  operation  of 
the  brake  is  eminently  satisfactory.  Why 
should  it  not  be  adopted  extensively  in  this 
country  ?  We  are  not  hard  to  please ;  we 
do  not,  be  it  understood,  write  to  advocate 
the  adoption  of  the  Westinghouse  brake, 
but  we  write  to  advocate,  nay,  to  insist  on 
the  general  adoption  of  a  first-class  con- 
tinuous brake  on  our  railways,  no  matter 
who  is  the  inventor,  and  we  cite  the  West- 
inghouse brake  because  it  affords  a  direct 
and  complete  answer  to  those  who  argue 
that  there  is  no  good  continuous  brake  in 
existence,  and  that  they  will  wait  till  one  is 
invented  and  tested.  We  cut  the  ground 
from  beneath  these  gentlemen  at  once,  by 
asserting  that  all  that  can  be  recruired  is 
provided  ready  to  their  hand.  It  remains 
to  be  seen  whether  among  the  multitude  of 
our  readers  one  can  be  found  to  argue  that 
we  have  advanced  a  single  statement  which 
is  contrary  to  truth,  reason,  and  common 
sense. 


EAST  AFRICAN  RAILWAY  EXPLORATION. 

From  "The  Engineer." 


Physical  geography,  a  science  eminently 
practical,  is  devoid  of  one  characteristic 
charm  that  belongs  to  well-nigh  every  other 
science — it  is  not  illimitable  or  interminable. 
Give  a  mathematician  a  piece  of  chalk,  set 
him  before  a  blackboard,  and  he  might  go 
on  devising  new  combinations  even  to  in- 
finity, if  life  could  be  so  extended.  It  is 
the  same  with  most  other  sciences  than  the 
one  to  which  reference  is  made.  Physical 
geography  is  so  far  from  interminable  or 
inexhaustible,  that  the  surface  of  a  sphere 
some  eight  thousand  miles  across  compre- 
hends it  all.  North  and  south  in  the  high 
latitudes  conterminous  with  either  pole, 
there  exist,  indeed,  two  climatic  belts,  which 
by  their  extreme  cold  may  ever  interpose  a 
barrier  to  geographical  exploration,  though 
even  this  limit  is  not  taken  by  all  physical 
geographers  as  a  matter  of  course.  Mere 
heat  of  climate  is  no  effective  barrier  to 
travel,  and  even  unhealthiness  is  an  impedi- 
ment which  experience  has  proved  to  be  in 
most   cases   remediable.     Already  physical 


geography  gives  signs  of  approaching  its 
limits.  Travellers'  tales  are  not  so  startling 
as  they  used  to  be.  Nothing  about  uni- 
corns, dragons,  frying  serpents — creatures 
that  one  may  see  depicted  in  many  an 
ancient  book  of  travel — not  to  mention  the 
basilisk,  which  must  of  course  have  been 
found  dead,  as  the  animal  would  infallibly 
kill  the  rash  individual  who  should  look 
upon  it  living.  A  dead  basilisk  might  have 
been  found  in  the  desert,  but  in  what  man- 
ner the  Dutch  traveller  Poersch  managed 
to  obtain  a  sketch  of  the  upas  tree,  as  it 
figures  in  his  volume,  is  less  apparent. 
According  to  the  reputable  Dutchman, 
this  very  tree  killed  everything  and  every- 
body that  approached  it  within  twenty  miles 
— and  still  he  sketched  it.  Dragons,  uni- 
corns, and  flying  serpents  have  long  been 
confided  to  heralds'  keeping,  and  even  the 
gorilla,  which,  as  described  by  Mens,  du 
Chaillu,  somewhat  revived  the  emotions  of 
our  youth  on  reading  travellers'  tales,  is 
now  shorn  of   the  terrors  which  environed 
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him,  lowered  to  the  insignificant  grade  of  a 
big  monkey,  harming  nobody,  and  so  great 
a  fool  that,  having  built  himself  a  house, 
he  sits  on  the  roof  in  a  thunder-storm  in- 
stead of  getting  under  it. 

From  an  engineering  point  of  view  we  can 
only  be  expected  to  take  a  remote  interest 
in  many  of  the  questions  which  have  been 
mooted,  and  which  are  now  with  more  zeal 
than  courtesy  debated  in  reference  to  the 
great  watercourses  of  South-Eastern  Afri- 
ca. Whether  the  Nile  really  begins  by  two 
head  waters  from  the  two  equatorial  lakes, 
Victoria  Nyanza  and  Albert  Nyanza  respec- 
tively, as  was  thought  to  have  been  definite- 
ly proved  by  Grant,  Speke,  and  Baker,  or 
whether,  as  Livingstone  now  believes,  its 
origin  is  referable  to  head  springs  still  far- 
ther south  is  to  all  except  systematic  geog- 
raphers a  matter  of  secondary  importance. 
Contemplating  the  Nilotic  riverain  with 
reference  to  facilities  of  locomotion,  the  fact 
has  been  long  since  patent,  that,  owing  to 
various  impediments,  there  is  no  hope  of 
establishing  an  effective  Nilotic  communica- 
tion from  the  two  great  lakes  of  Baker, 
Grant,  and  Speke,  northward  to  the  Medi- 
terranean. Whether  Livingstone's  great 
river,  the  Lualaba,  actually  joins  the  Nile ; 
whether  it  flows  into  some  vast  inland  lake ; 
or,  lastly,  whether  it  prove  the  head  water 
system  of  the  Congo,  is  a  speculation  of 
deep  scientific  interest,  no  doubt,  but  at  the 
same  time  one  of  no  practical  importance. 
Regarded  from  an  engineering  point  of  view, 
one  would  rather  it  should  turn  out  to  join 
the  Congo  than  the  Nile,  seeing  that  under 
the  first  eventuality  a  navigable  water  com- 
munication might  be  demonstrated  to  be 
practicable  to  the  West  Coast  of  Africa  from 
the  point  of  about  10  deg.  south  latitude, 
and  uncertain  longitude  ;  but  probably  10 
deg.  west  of  the  western  limit  of  Lake  Tan- 
ganyika. 

While  disclaiming,  as  beyond  our  proper 
functions,  any  argument  on  the  hydrograph- 
ical  points  which  elicited  such  warmth  of 
feeling — and,  we  are  sorry  to  add,  such  dis- 
courtesy at  Brighton — we  may  still  be  allow- 
ed to  express  an  opinion.  It  seems,  then, 
to  us  improbable  that  the  river  system  de- 
scribed by  Livingstone  really  does  commu- 
nicate with  the  Nile.  Mr.  Stanley  stated  at 
Brighton  that  the  Albert  Nyanza  has  noth- 
ing to  do  with  the  Lualaba.  That  is  proved, 
he  stated,  by  the  fact  that  between  them 
exists  the  great  lake  Tanganyika  ;  and  ex- 
cept previous  levellings   are  very  much   at 


fault,  there  can  be  no  communication  be- 
tween Livingstone's  riverain  and  the  Albert 
Nyanza.  In  point  of  fact,  Livingstone 
himself  expects  no  such  solution  of  the  prob- 
lem. By  a  process  of  elimination  he  seems 
to  infer  that,  if  the  waters  of  his  new  river- 
ain do  not  reach  the  Nile  through  the 
Bahr  el  Gazal,  they  can  form  no  part  of 
the  Nilotic  system.  Against  this  hypo- 
thesis there  would  seem  to  be  insuperable 
evidence,  though  of  purport  unknown  to 
Livingstone.  Now,  both  Petherick  and 
Captain  Grant  furnish  testimony  in  respect 
to  the  Bahr  el  Gazal  wholly  irreconcilable 
with  Livingstone's  hypothesis.  They  re- 
present it  to  be  a  reed-embarrassed,  slug- 
gish river,  of  far  inferior  dimensions  to  the 
Lualaba  which,  according  to  Livingstone, 
should  be  its  effluent. 

However,  all  this  is  beside  our  mark. 
What  we  have  in  view  is  the  commercial 
opening  up  of  a  rich  and  well-peopled 
region  which  geographers  not  so  very  long 
ago  complacently  assumed  to  be  an  un- 
productive desert.  Dibdin  in  his  autobio- 
graphy states  that,  although  an  indifferent 
painter,  he  was  once  called  upon  to  depict 
a  theatrical  battle  scene,  and  had  to  do  it. 
He  trembled  at  the  task  at  first,  but  ended 
by  finding  it  easier  than  he  expected. 
Whenever  uncertain  as  to  form  he  painted 
smoke,  and  in  this  way  he  succeeded  to  the 
manager's  content,  if  not  to  his  own.  Map- 
makers,  when  laying  down  the  African 
continent  on  their  charts,  were  not  so  long 
ago  in  the  habit  of  filling  in  blank  spaces 
by  desert  sands.  The  dreary  prospect  has 
vanished  now.  The  equatorial  lake  system 
of  South-Eastern  Africa  has  been  so  far  ex- 
plored that  a  tolerably  correct  notion  may 
t>e  formed  of  its  natural  endowments. 

Nobody  will  accuse  Dr.  Livingstone  of 
drawing  on  his  imagination,  or  place  him 
in  the  category  of  sensational  travellers. 
So  far  from  exaggerating  the  peculiarities 
of  men  or  things  he  meets  with  in  his 
travels,  the  good  Doctor  perhaps  fails  in 
the  other  extreme,  wishing  friends  at  home 
to  believe  that  native  Africans,  instead  of 
belonging  to  a  race  inferior,  mentally  and 
physically,  to  his  own,  are  on  terms  of 
equality  as  to  the  first,  and  of  superiority 
as  to  the  second.  It  may  be,  as  he  affirms, 
that  certain  types  of  negro  ladies — albeit, 
coffee-colored  as  to  skin — could  hold  their 
own  in  presence  of  European  belles,  or  it 
may  be  that  Livingtone's  judgment  on  that 
point  is  warped  through   a    too    exclusive 
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■contemplation  of  one  particular  style  of 
female  beauty.  Whether,  again,  in  a  com- 
parative show  of  negro  aristocracy  and  of 
members  of  the  Anthropological  Society, 
our  savants  would  come  off  second  best,  as 
Livingstone  gives  his  readers  to  understand, 
is  a  question  we  hope  more  open  to  debate 
than  the  Doctor  would  wish  us  to  be- 
lieve. Making  allowance  for  this  amiable 
tendency  to  think  and  speak  the  best  of 
people  he  is  thrown  amongst,  it  still  seems 
quite  clear  that  the  African  races  from 
amidst  whom  Livingstone  writes,  are  by  no 
means  so  debased  a  lot  as,  under  the  cir- 
cumstances, might  have  been  expected. 
Individuals  of  a  certain  tribe  do,  indeed, 
eat  men,  but  they  would  not  seem  to  be 
cannibals  in  the  same  sense  as  were  the 
Maoris,  and  as  are  the  New  Caledonians. 
As  regards  these  East  African  cannibals, 
the  Doctor's  impression  evidently  is,  that 
their  cannibalism  has  some  religious  or 
superstitious  significance.  Modified  canni- 
balism notwithstanding,  the  Manyemas 
favorably  compare  with  the  highest  amongst 
aboriginal  races.  It  has  been  customary 
to  look  upon  the  North  American  Indian 
type  as  furnishing  the  best  example  of  an 
aboriginal  race  for  moral  and  intellectual 
endowments,  but  it  would  really  seem  that 
the  Eastern  African  is  higher  in  the  posses- 
sion of  most  qualities  that  go  to  make  up 
manhood.  A  favorable  characteristic  of  the 
East  African  equatorial  races  is  the  tendency 
to  form  village  communities,  to  effect  clear- 
ances in  forest  wastes,  to  breed  live  stock, 
and  cultivate  a  no  inconsiderable  amount  and 
variety  of  garden  produce.  A  people  that 
can  boast  of  swine  and  goats,  tame  buffa- 
loes, and  domestic  fowls,  must  have  already 
elevated  themselves  many  degrees  above 
primaeval  barbarism,  and  further  shown 
by  the  elevation  a  capacity  for  rising  still 
higher.  They  extract  iron  and  copper  from 
the  respective  ores,  and  manufacture  tools 
and  utensils.  Quite  clear,  then,  is  it  that 
one  has  not  to  do  either  with  a  totally  bar- 
barous or  a  wholly  incompetent  population. 
If  the  native  races  of  South-Eastern  Africa 
are  promising  as  to  their  endowments,  what 
shall  be  said  of  the  localities  ?  A  region 
where  ivory  is  of  so  small  local  value  that  it 
lies  in  forests  for  rodents  to  sharpen  their 
teeth  against ;  where  iron  ores  abound ; 
whence  copper  may  be  drawn  in  illimitable 
quantities ;  where  trees  grow  so  dense  as  to 
veil  the  tropical  sun  rays — so  high  that  a 
shot  gun  fails  to  bring  down  birds  perched 


on  the  tops  of  them ;  where  the  climate 
even  now  is  good,  and  if  forest  clearances 
were  effected  would  be  better — such  tracts 
must  be  worthy  of  exploration,  even  in  the 
interest  of  pounds,  shillings,  and  pence,  even 
did  no  such  problem  remain  for  solution  as 
discovery  of  the  Nilotic  sources.  Perhaps 
the  best  phase  of  the  commercial  aspect  has 
been  omitted  from  the  preceding  summary, 
viz.,  the  appreciation  in  which  calico  and 
other  Manchester  goods  are  held  by  the 
natives.  Calico,  brass  and  copper  orna- 
ments, beads — these  articles  seem  to  repre- 
sent the  currency  of  the  East  African  races. 
Perusing  Livingstone's  late  despatches  with 
a  map  of  Africa  before  one,  it  needs  some 
concentration  of  thought  to  bring  in  evidence 
the  difficulties  which  Livingstone  has  had 
to  surmount,  and  other  difficulties  which 
still  weigh  heavily  upon  him.  He  appears 
to  be  somewhere  about  500  miles  from  the 
coast — as  the  crow  flies,  not  so  much.  On  a 
map  of  Africa  the  distance  looks  trifling, 
and,  estimated  by  modern  standards  of 
travel  in  European  countries,  a  trifle  it  is. 
Even  in  Europe,  however,  a  traveller  may 
come  to  conclude  that  the  difficulty  of  travel 
bears  no  necessary  relation  to  expanse 
passed  over.  Half  a-dozen  miles  on  mule- 
back  in  Spain  is,  for  discomfort  and  fatigue, 
equivalent  to  more  than  a  radroad  run  from 
St.  Sebastian  to  Alicante.  Is  it  over  much 
to  hope  that  in  these  days  of  plethoric 
capital  and  ardent  speculation  a  railroad 
may  be  promoted  for  throwing  open 
Eastern  Equatorial  Africa  ?  The  under- 
taking of  such  a  scheme  would  of  course 
depend  on  the  answer  given  to  the  question 
whether  it  would  pay.  Capitalists  would 
look  coldly  on  any  scheme  for  driving  a  rail- 
road into  Africa  from  the  east  with  the 
object  of  mere  geographical  exploration  in 
view  ;  but  demonstrate  to  them  the  feasi- 
bility of  adequate  returns  on  capital  in- 
vested, and  means  would  be  forthcoming. 
In  these  days  it  may  be  quite  true  that 
most  things  are  possible  to  the  engineer 
who  commands  sufficient  pecuniary  means. 
The  Suez  Canal  and  the  Mont  Cenis  Tunnel 
lend  color  to  the  statement :  but  still,  were  it  a 
necessity  that  a  line  of  railroad  starting  from 
the  coast  opposite  Zanzibar  and  trending  in- 
land, should  need  a  Mont  Cenis  tunnel,  capital 
might  shrink  from  so  great  an  expenditure 
on  such  a  field.  On  the  contrary,  no  physi- 
cal obstacle  of  importance  would  seem  to 
exist.  No  mountain  to  be  tunnelled,  no 
important   river  or  chasm   to  be   bridged. 
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Nothing  but  a  terrain  moderately  level, 
and  for  the  most  part  thickly  wooded. 
Sleepers  might  be  obtained  on  the  spot ; 
only  rails  and  rolling  stock  stock  need  be 
imported.  Fuel  would  be  on  the  spot,  too 
— wood  in  abundance,  and  conceding  that 
wood  would  be  inferior  to  coal  or  coke,  yet  it  is 
competent  to  do  good  service.  We  may  be 
one-sided  as  to  our  view  of  the  scheme,  but 
there  is  much  to  recommend  it.  So  long  as 
the  old  school-book  teaching  held  credence 
about  Central  Africa  being  a  waste  of  burn- 
ing sand,  the  problem  of  opening  it  up 
offered  no  commercial  incentive ;  but  since 
modern  geographical  discovery  has  proved 
this  vast  continent  to  possess  regions  of 
abundant  fertility,  a  dense  population,  and 
a  not  uncongenial  climate,  the  commercial 
features  of  the  case  have  wholly  changed. 

Regarding  the  scheme  from  a  point  of 
view  wholly  commercial,  no  reference  has 
been  made  to  native  amelioration,  physical 
or  intellectual ;  to  the  diffusion  of  Christian- 
ity, or,  above  all,  abolition  of  the  slave 
trade,  which  seems  to  be  characterized  by 
atrocities  equal  to  any  perpetrated  on  the 
other  side  of  the  African  continent.     Such 


I  amelioration,  however,  would  follow  as  a 
matter  of  course  ;  indeed,  even  though  the 
i  establishment  of  a  railway  failed  to  show 
1  prospects  of  such  satisfactory  return  on 
j  capital  as  we  believe,  it  might  still  be  worth 
|  while  for  philanthropists  having  the  sup- 
i  pression  of  slavery  in  view  to  look  well 
|  into  the  features  of  this  project. 

In  making  this  suggestion,  we  have  not 
j  taken  into  account  any  royal  or  territorial 
|  interest ;  but  on  this  ground  it  would  not 
j  seem  that  much  difficulty  need  be  appre- 
hended.     Already   there    exists    a   certain 
!  tract  opposite  Zanzibar  which  owns  allegi- 
!  ance    to   the  British   flag,    and    at   which 
i  operations  would  have  to  be  commenced. 
I  The  Sultan  of  Zanzibar,  if  alive  to  his  own 
!  interests,  would  do  his  best  to  promote  a 
!  scheme    that    by    extending    trade    must 
j  necessarily  help  to  fill  his  exchequer  ;  and, 
lastly,  the  wealthy  Banians — men  who  ap- 
pear sufficiently  alive  to  the  main  chance — 
might  come  to  understand  that  their  traffic 
in   African   flesh    and   blood    being    irre- 
trievably doomed,  the  iron  road,  if  made 
the  most  of,   would  secure  to  them  a  fair 
indemnity. 


EXPERIMENTS  WITH  THE  CAMERON  STEAM  PUMP. 

By  M.  H.  TRESCA. 
Translated  Abstract  from  "Annales  du  Conservatoire." 


At  different  times  steam  engines  have 
been  constructed,  in  which  the  distribution 
of  steam  has  been  automatically  made  by 
the  action  of  successive  pressure  upon  at- 
tachments to  the  slide  valve.  Cameron's 
pump  consists  of  such  an  engine  and  of  a 
pump  set  with  the  same  axis,  so  that  the 
two  have  the  same  piston  rod  and  stroke. 

By  this  arrangement  all  communication 
of  motion  to  the  pump  or  the  fly-wheel  is 
avoided.  The  distribution  is  made  in  a 
simple  way  by  means  of  catches  disposed 
in  the  top  plates  of  the  steam  cylinder. 
These  act  on  valves  which  are  shut  by  the 
action  of  the  steam  cutting  off  all  commu- 
nication. 

Toward  the  end  of  each  course  the  pis- 
ton pushes  back  one  of  these  catches,  and 
the  steam  then  acts  upon  a  special  piston 
in  the  slide  box,  which  alternates  the  action 
of  the  parts  of  admission  and  discharge. 
An  outside  lever  is  used  in  starting,  which 
displaces  the  small  shaft  that  carries  the 
two  pistons,  one  at  each  end. 

At    the     request     of    the     constructors, 


MM.  Tangye,  we  have  examined  this  ma- 
chine with  reference  to  its  economic  re- 
sults. The  first  disadvantage  we  find  is 
that  it  does  not  utilize  the  steam  at  full 
pressure,  so  that  the  results  of  this  exami- 
nation apply  only  to  provisional  or  portable 
machines. 

The  dimensions  of  the  pump  were  as 
follows : 

Piston  stroke  (2  feet  English) 0™-  .  6093 

Diameter  of  steam  cylinder  (8  in.  1  line)  . .  0      .  2065 

Total  piston-surface 0m«- .  0335 

Surface  of  piston  without  rod 0-     .0329 

Mean  surface  under  action  of  steam  .....  0      .3332 

Stroke  of  pump  piston  0m>  .  609S 

Diameter  of  pump  piston 0      .1523 

Total  surface  of  pump  piston O^q. .  0182 

Surface  without  rod 0      .0176 

Mean  surface 0      .  0179 

Volume  of  stroke 10  ?       909 

The  apparatus  was  subjected  to  a  num- 
ber of  experiments,  with  results  as  shown 
in  the  following  table.  The  water  dis- 
charged was  gauged  in  reservoirs  of  great 
capacity.  The  number  of  piston  strokes 
was  registered  by  a  meter,  and  a  pressure 
indicator  furnished  diagrams  of  work  done. 
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Number  of 
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iber 
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jack 

kes. 
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water 
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Per- 
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raised. 

water  raised. 
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mc. 

m. 

km. 

km. 

1 

3700 

686.5 

13.872 

14.979 

0  926 
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2 
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8 
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13.872 
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0.950 

11.18 
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61  20 

9 
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13.702 

0.976 

4  30 

57517 

34  90 

10 

1055 

596 

13.376 

13.004 

1.028 

4.30 

57517 

51.51 

0.982 

This  table  shows  a  very  satisfactory  per- 
centage of  effect,  corresponding  to  0.982  of 
the  volume  generated  by  the  motion  of  the 
piston.  The  alternating  action  was  very 
regular,  and  the  slight  shocks  at  dead 
point  did  not  hinder  the  action  of  the 
valves. 

To  appreciate  the  useful  effect  of  the  ma- 
chine we  must  take  into  account  the  work 
expended  on  the  piston  and  the  quantity  of 
steam  used.  Our  investigations  refer  only 
to  the  first  point,  and  the  results  are  given 
in  the  following  table  : 
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It  is  seen  that  when  the  pressure  in  the 
boiler  is  constant,  that  transmitted  to  the 
piston  necessarily  diminishes  as  the  resist- 
ances become  less.  The  admission  is  pood 
when  the  orifice  is  free  ;  but  in  case  of 
stoppage  there  is  a  constant  decrease  of 
pressure  during  admission,  and  a  con- 
stant increase  of  counter  pressure  during 
escape. 

For  a  height  of  water  amounting  to 
4m.  30  the  theoretic  pressure  would  be  re- 
duced to  0.50  atmos.,  if  the  steam  and 
water-piston  have  the  same  sectional  area  : 
and  with  the  actual  sections  it  would  be  re- 
duced to  0.50  X  h§  =  0-'-7  atmos.  above 
atmospheric  pressure. 

We  observe  that  the  ratio  of  effective 
work  to  that  expended  on  the  piston  varies, 
according  to  circumstances,  from  0.1 8:2  to 
0.830,  giving  a  mean  of  0.27.  As  the  low- 
est percentage  was  for  the  lowest  of  the 
reservoirs  employed,  we  may  assume  a 
percentage  of  0.30  per  water  raised  7 
metres. 

We  conclude  that  an  ordinary  engine  of 
small  dimension  gives  about  0.75  of  the 
work  indicated ;  a  pump  attached  woidd 
not  realize  more  than  0.50.  The  two  com- 
bined would  give  a  percentage  of  0.75  \ 
0.50  =  0.375,  or  about  a  quarter  more  than 
the  Cameron  pump. 

Still  the  advantages  of  ease  of  setting  i;p, 
and  diminution  of  expense,  might  compen- 
sate in  a  case  in  which  water  is  to  be  car- 
ried to  a  great  height.  But  it  must  be  re- 
membered that  the  steam  is  rapidly  spent 
in  the  long  cylinder  with  its  extensive  cool- 
ing surface,  so  that  this  pump,  however 
ingenious,  cannot  be  employed  in  ordinary 
cases.  Its  use  is  limited  to  those  cases  in 
which  there  is  an  abundance  of  disposable 
steam,  and  when  there  is  immediate  need 
of  a  large  quantity  of  water.  In  these 
cases  it  would  be  of  service  as  an  auxiliary 
machine. 
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METEOLOGICAL  EEFOKM. 


From  the  "  London  Morning  Journal. 


The  enormous  advantages  of  the  metric 
system  as  a  substitute  for  those  now  in 
common  use  in  England  and  America  daily 
becomes  more  extensively  understood,  even 
by  those  who  have  no  direct  connection 
with  import  or  export  trade,  and  who  take 
but  a  very  small  amount  of  interest  in 
scientific  literature,  whether  English  or 
foreign.  To  assist  in  the  diffusion  of  a 
knowledge  of  the  benefits  derivable  from  the 
unification  of  the  weights  and  measures  of 
countries  trading  with  each  other,  another 
thousand  copies  of  the  revised  edition  of  the 
very  excellent  address  delivered  before  the 
recent  Convocation  of  the  University  of  the 
State  of  New  York,  by  Dr.  Fred.  A.  P. 
Barnard,  President  of  Columbia  College, 
New  York  City,  has  just  been  printed  and 
issued  (through  Mr.  Yan  Nostrand,  of 
Murray  street)  by  the  Board  of  Trustees  of 
the  College.  That  the  change  which  the 
introduction  of  the  metric  system  in  Eng- 
land and  America  would  involve  would  cost 
some  slight  temporary  inconvenience  is  not 
for  a  moment  doubted  ;  but  as  this  incon- 
venience would  be  felt  for  a  few  weeks  only, 
and  as  the  subsequent  benefit  will  be  almost 
incalculable,  it  is  felt  that  too  much  cannot 
be  done  to  make  the  simplicity  of  the  sys- 
tem intelligible  to  all  classes,  and  to  expose 
the  fallacy  of  the  objections  which  have 
from  time  to  time  been  urged  against  it. 
The  nature  of  the  inconvenience  to  be  over- 
come may  be  compared  to  that  experienced 
upon  his  first  visit  to  France  by  an  English- 
man, who  has  always  been  accustomed  to 
shillings  and  pence — he  forgets  that  the 
franc  is  not  divided  duodecimally,  and, 
therefore,  if  he  spent  7  declines  he  expects 
5  decimes  as  change  of  a  franc.  The  diffi- 
culty, however,  is  overcome  in  a  few  days. 

The  origin  and  nature  of  the  metric  sys- 
tem of  weights  and  measures,  which  Dr. 
Barnard  details  in  a  preliminary  chapter,  is 
particularly  interesting.  It  was  one  of  the 
projects  entertained  by  the  Constituent  As- 
sembly of  France  at  the  time  when  the 
Revolution  had  not  yet  passed  into  that  san- 
guinary phase  which  but  too  soon  succeeded, 
to  engage  the  nations  of  Europe  in  a  united 
effort  to  create  for  the  common  use  of  all  a 
new  metrological  system  founded  upon 
standards  determined  with  scientific  accur- 
acy, and  constructed  in  its  details  according 


to  a  scientific  method.  The  subsequent  tur- 
moil prevented  unity  of  action  amongst  the 
nations  ;  yet  the  metric  system  of  weights 
and  measures  was  devised — a  system  so 
nearly  perfect  that  after  a  lapse  of  only 
three  quarters  of  a  century  it  has  been 
adopted  for  use  by  more  than  half  the  in- 
habitants of  the  civilized  world.  In  the 
International  Commission,  invited  to  Paris 
by  the  Grovernment,  were  represented  the 
Governments  of  France,  Holland,  Denmark, 
Sweden,  Switzerland,  Spain,  Savoy,  and  the 
Roman  Cisalpine  and  Ligurian  republics, 
and  the  standard  metre  bar  of  platinum, 
which  represents  the  linear  base  of  the  sys- 
tem, and  the  standard  kilogramme  weight, 
also  of  platinum,  which  represents  the  linear 
base  of  the  system,  were  deposited  in  the 
Palace  of  the  Archives  on  the  4th  Messidor 
An  VII.  (June  22,  1799),  and  have  since 
served  as  the  standards  with  which  to  com- 
pare those  for  other  countries  which  have 
adopted  the  system. 

From  information  obtained  at  the  Uni- 
versal Exposition  of  1867,  Dr.  Barnard  is 
enabled  to  give  some  interesting  particulars 
as  to  the  progress  of  the  great  movement 
toward  metrological  uniformity.  First  in 
the  order  of  time  after  France,  Holland, 
and  Belgium,  came  the  kirigdom  of  Greece, 
which  adopted  the  metric  system  of  weights 
and  measures  as  early  as  1836 ;  but  a  little 
before  this  (1833)  the  Zollverein  had  been 
formed,  and  the  zollpfund  of  500  grammes, 
or  half  a  kilogramme,  adopted  as  the  com- 
mon unit.  This  came  into  use  on  January 
1,  1840,  and  was  found  so  convenient  that 
in  several  States — Prussia,  Wurtemberg, 
etc. — it  was  subsequently  adopted  as  the 
national  as  well  as  the  international  pound. 
In  Italy  the  metric  system  was  brought 
fully  into  force  in  Sardinia  from  January  1, 
1850  ;  it  was  established  in  the  Pontifical 
States  soon  after ;  and  by  a  law  passed 
July  28,  1861,  was  extended  over  the  entire 
Italian  peninsula,  and  also  over  Sicily  from 
January  1,  1863.  Shortly  after  the  revolu- 
tionary excitement  of  1848,  Austria  entered 
the  Zollverein,  and  the  metrical  weights 
and  measures  were  introduced  into  that 
kingdom.  Switzerland  has  enjoyed  the  ad- 
vantage of  a  metric  system  since  1856. 
In  1852,  Denmark  grammes  decimally 
divided.    In  1855,  Sweden  partially  adopted 
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a  decimal  system,  which  was  improved  in 
1865,  and  extended  to  Norway  in  the  fol- 
lowing year.  In  Spain  and  her  colonies 
the  metric  system  was  established  in  1859, 
and  Portugal  adopted  it  in  186-1,  in  which 
year  Roumania  also  passed  a  law  prescrib- 
ing the  use  of  the  system  from  January  1, 
1865.  Even  Turkey  has  recently  made  a 
beginning  towards  bringing  her  system 
into  harmony  with  that  which  is  now  so 
rapidly  becoming  the  system  of  all  conti- 
nental Europe.  In  1864  the  system  was 
legalized  in  Great  Britain,  but  it  was 
thought  preferable  to  allow  some  delay 
before  rendering  its  use  compulsory. 

That  the  ultimate  triumph  of  the  system 
is  inevitable  is  admitted  by  all  who  have 
given  the  subject  any  consideration,  and  it 
may  be  hoped  that  the  rebuke  which  Dr. 
Barnard  administers  to  Americans  will  not 
prove  equally  applicable  to  Englishmen — 
that  we  must  look  to  a  generation  who  is 
not  so  mentally  one-sided  as  ours  ;  a  gene- 
ration in  whose  training  the  good  shall  not 
be  placed  at  so  tremendous  a  disadvantage 
as  it  has  been  in  our  own  ;  a  generation 
which  shall  bring  to  this  great  metroiogical 
question  a  judgment  at  once  fair,  caudicl, 
unbiased,  and  unwarped  by  the  prejudices 
which  mislead  and  bewilder  us, — to  produce 
the  impartial  decision  for  which  it  must  be 
sadly  admitted  we  seem  disqualified  our- 
selves. In  dealing  with  the  several  objec- 
tions which  have  been  urged  against  the 
metric  system  by  those  who  have  not  studied 
it,  Dr.  Barnard  gives  those  objections  the 
full  weight  to  which  they  are  entitled,  but 
he  shows  that  the  advantages  to  be  derived 
far  more  than  compensate  for  the  inconveni- 
ence to  be  encountered  in  making  the 
change;  and  he  points  out  that  in  former 
times  far  greater,  although  less  useful, 
changes  have  been  made  without  leading  to 
serious  inconvenience.  He  shows,  more- 
over, that  the  tendency  in  every  nation  has 
been  towards  the  unification  of  the  weights 
and  measures  of  our  j>eople  under  the  same 
Government ;  and  a  stronger  argument  in 
favor  of  general  unification  could  scarcely 
be  desired.  In  fact,  every  alleged  difficulty 
has  been  fairly  and  ably  met  by  Dr.  Bar- 
nard, and  no  doubt  it  will  be  hereafter 
acknowledged  that  his  exertions  have  done 
much  to  hasten  that  wished-for  reform 
which  will  aid  in  the  realization  of  Mr. 
Adams's  prediction  that  the  metre  will  sur- 
round the  world  in  use  as  well  as  in  multi- 
plied extension,  and  one  language  of  weights 
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and  measures   will   be    spoken   from   the 
equator  to  the  poles. 


REPORTS  OF  ENGINEERS"  SOCIETIES. 

The  Scientific  and  Mechanical  Society, 
1  Manchester. — At  the  fifth  monthly  my:' in g 
of  the  session  of  the  above  Society,  held  at  the 
Trevelyan  Hotel,  Mr.  Hacking  read  his  paper  "On 
the  Ventilation  of  Mines."  He  said  there  were 
now  about  30,000  coal  mines  in  the  United  King- 
dom, from  which  the  enormous  quantity  of  120,- 
000,000  tons  of  coal  were  raised  annually.  The 
depths  at  which  these  black  treasures — constituting 
such  an  all-important  ingredient  in  the  wealth  of 
this  country — were  stored  varied  very  much,  the 
deepest  workings  in  this  country  being  the  Dukin- 
field  and  the  Rosebridge  collieries,  near  AVi^-an, 
which  latter  had  a  depth  of  2,418  ft.,  and  the  ave- 
rage temperature  was  about  95  deg.  Fah.  The  dan- 
ger attending  the  getting  of  coal  was  very  great ; 
this  was  partly  due  to  the  peculiar  position  in 
which  the  miner  was  placed,  and  partly  to  the  ter- 
rible agencies  reigning  at  these  depths.  A  great 
difficulty  was  to  obtain  an  efficient  supply  of  pure 
air,  for  which  mechanical  means  had  almost  inva- 
riably to  be  adopted.  A  very  common  mode  of 
ventilation  was  by  means  of  1,  2,  or  3  shafts ;  at  or 
near  the  bottom  of  one — the  upcast — a  fire  was 
kept  which  rarefied  the  air  above,  in  consequence 
of  which  new  air  rushed  in  from  the  downcast, 
which  had  to  make  its  way  through  the  workings, 
and  lastly  to  the  fire.  The  life  of  those  employed 
in  the  pits  was  much  endangered  by  what  was 
called  "firedamp,''  which  was  light  carburetted 
hydrogen  (C2  H4)  mixed  in  certain  proportions 
with  oxygen,  or,  what  was  the  same,  atmospheric 
air.  The  gas  itself,  which  issued  from  the  pores 
and  crevices  of  the  coal,  was  inexplosive ;  but  if 
atmospheric  air  contained  more  than  7^  per  cent, 
and  less  than  15  per  cent.,  the  results  were  most 
terrible  if  that  mixture  came  in  contact  with  a 
naked  flame,  when  it  would  explode.  The  supply 
of  pure  air  was,  therefore,  required  to  be  very  am- 
ple, in  order  to  keep  the  mixture  below  the  explo- 
sive point.  As  a  rise  in  the  barometer  indicated  a 
decrease  in  the  pressure  of  the  atmosphere,  a  larger 
quantity  of  the  gas  would  always  be  liberated  when 
such  a  rise  took  place,  and  he  suggested  registering 
barometers,  which  might  be  made  to  actuate  an 
alarm  as  a  safeguard.  Mr.  Hacking  was  just  allu- 
ding to  the  use  of  fans  for  ventilation  when  the 
time  arrived  at  which  it  was  arranged  that  the 
subject  should  drop  and  continued  at  a  meeting  in 
the  ensuing  session.  Mr.  Lyride  then  introduced 
the  discussion  on  Sir  William  Fairbairn's  new  pat- 
ent high-pressure  boiler,  which  he  illustrated  by  a 
good  photograph  and  sketches  on  the  black-board, 
confining  his  remarks,  however,  to  structural  ar- 
rangements only.  The  boiler,  which  is  intended  to 
carry  much  higher  pressure  (about  150  lbs.  on  the 
sq.  in.  >  than  has  hitherto  been  attained  in  the  Lan- 
cashire and  Cornish  boiler,  is  already  tolerably  well 
known  to  scientific  readers.  It  is  essentially  what 
is  technically  known  as  "French  boiler."  ""Wbolf 
boiler,"  "  Elephant  boiler, '  or  "  Bouilleur  boiler. " 
with  this  material  difference,  however,  that  each  of 
the  two  bottom  tubes  have  internal  flues  contain- 
ing the  fire-grates,  the  same  as  a  Lancasliire  boiler. 
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These  flues,  which  form  an  annular  waterspace 
through  the  whole  length,  are  so  arranged  that  for 
the  purpose  of  cleaning  by  loosening  a  few  bolts 
they  may  be  withdrawn  from  the  tubes,  which  lat- 
ter are  about  3  ft.  in  diameter,  communicating 
with  one  another.  The  entire  circular  shell  consti- 
tutes heating  surface.  Hosts  of  questions  were 
asked  with  regard  to  constructive  detail,  relative 
value  of  evaporating  surface,  etc. ;  but  the  object 
of  the  discussion  being  merely  to  ventilate  the 
opinion  and  probable  experience  of  the  members, 
only  few  questions  could  be  satisfied,  no  paper 
having  been  prepared  for  the  purpose.  Various 
advantages  and  drawbacks  were  pointed  out,  but 
no  defined  decision  was  come  to. — Engineer. 

American  Institute  of  Mining  Engineers. — 
The  American  Institute  of  Mining  Engineers 
held  their  second  tri-annual  session  in  the  hall  of 
the  Western  University  of  Pittsburgh,  on  the  16th 
and  17th  of  October,  on  which  occasion  James 
Park,  Jr.,  welcomed  the  members  of  the  Institute, 
and  addressed  them  upon  the  importance  of  their 
calling  and  mission,  in  a  neat  and  pertinent  ad- 
dress, which  was  responded  to  by  the  President  of 
the  Institute,  in  the  course  of  which  he  urged  the 
necessity  of  scientific  mining,  in  view  of  the  rapid 
development  of  our  industries,  calling  for  addi- 
tional supplies  of  fuel  alluded  to  and  the  dearth  of 
mineral  coals  abroad.  The  subjects  announced  for 
discussion  were  "  The  Iron  Trade,"  "  Coal  Wash- 
ing and  Coke  Making,"  "  Coal  Fields  and  Ores  of 
Colorado,"  "  The  Presence  of  Phosphorus  in  An- 
thracite Coal,"  "  Coal  Analysis,"  and  "  The  Ten- 
nessee Iron  Works."  E.  C.  Pechin,  President  of 
the  Dunbar  Furnace  Company,  read  an  interesting 
paper  on  "The  Iron  Trade."  On  Thursday  the 
President  read  a  paper  on  "  The  Tertiary  Coal 
Beds  of  Canyon  City,  Colorado,"  by  Prof.  R.  N. 
Clarke,  who  was  not  present.  Papers  were  read 
and  addresses  delivered  by  the  following  gentle- 
men, on  the  subjects  following  their  names  re- 
spectively : 

Prof.  J.  Blodgett  Britton,  of  the  "  Iron  Masters' 
Laboratary,"  in  answer  to  the  question,  "Do  the 
Pennsylvania  Anthracites  contain  Phosphorus?" 
The  Professor  demonstrated  that  they  do.  The 
followingsubjectswerealso  brought  forward :  "The 
Capacity  of  Measurement  by  Weight  of  American 
and  English  Blast  Furnaces,"  "  On  a  New  Occur- 
rence of  the  Telluride  of  Gold,"  "  The  Pressure  of 
Gas  in  Coke  Furnaces,"  "On  Coal  Washing  and 
Coke  Furnaces."  Prof.  Cox  delivered  an  address 
on  the  "Analysis  of  Coals.' 

It  will  be  be  seen  that  the  proceedings  were  of 
an  interesting  character,  and  that  the  mining  en- 
gineers are  alive  to  the  importance  of  their  calling. 
— Coal  and  Iron  Record. 

THE  Council  of  the  Institution  of  Civil  Engineers 
have  awarded  the  following  premiums  and 
prizes  for  work  done  during  the  session  of  1871-2: 
A  Telford  medal  and  a  Telford  premium  in  books 
to  each  of  the  following  gentlemen :  Bradford  Les- 
lie, for  his  "  Account  of  the  Bridge  over  the  Gorai 
River,  on  the  Goalundo  Extension  of  the  Eastern 
Bengal  Railway ; "  Carl  Siemens,  for  paper  on 
"Pneumatic  Despatch  Tubes:  the  Circuit  Sys- 
tem ; "  W.  Bell,  for  paper  on  "  The  Stresses  of  Rig- 
id Arches,  Continuous  Beams,  and  Curved  Struc- 
tures;"    J.H.Latham,  for  description  of  "The 


Soonkesala  Canal  of  the  Madras  Irrigation  and  Ca- 
nal Company;"  G.  Gordon,  for  paper  on  "The 
Value  of  Water  and  its  Storage  and  Distribution 
in  Southern  India;"  A  Telford  premium  in  books 
to  F.  A.  Abel,  F.  R.  S.,  for  paper  on  "  Explosive 
Agents  Applied  to  Industrial  Purposes ; "  and  the 
same  to  Bashley  Britten,  for  paper  on  "  The  Con- 
struction of  Heavy  Artillery,  with  reference  to 
Economy  of  the  Mechanical  Forces  Engaged." 
The  Manby  premium  in  books  to  C.  Andrews,  for 
paper  on  the  "  Somerset  Dock  at  Malta."  A  Miller 
prize  each  to  Oswald  Brown,  for  paper  on  "Sew- 
age Utilization ; "  A.  T.  Atchison,  for  paper  on 
"Railway  Bridges  of  Great  Span;"  J.  Addy,  for 
paper  on  the  "Most  Suitable  Materials  for,  and  the 
Best  Mode  of  Formation  of,  the  Surfaces  of  the 
Streets  of  Large  Towns;"  A.  E.  Preston,  for  pa- 
per on  "  Wood- Working  Machinery;"  W.  P.  Or- 
chard, for  paper  on  "  The  Education  of  a  Civil  En- 
gineer." 

Society  of  Engineers. — The  first  meeting  of 
the  Society  for  the  session  of  1872-3,  was  held  on 
Monday  evening  last,  the  chair  being  occupied  by 
the  President,  Mr.  Jabez  Church.  A  paper  was 
read  by  Mr.  E.  G.  Bartholomew,  on  "  Telegraphic 
Batteries . "  The  author  commenced  by  referring 
to  the  two  papers  he  had  previously  read  before 
the  Society  on  the  subjects  of  telegraphic  conduc- 
tors and  telegraphic  instruments,  observing  that 
the  present  paper  on  batteries  would  render  the 
subject  complete.  He  compared  the  electric  tele- 
graph to  the  steam  engine  ;  the  conductor  repre- 
sented the  steam  pipe,  the  instrument  the  engine, 
and  the  battery  the  boiler.  The  author  then  went 
on  to  describe  the  different  kinds  of  batteries,  the 
principles  of  their  construction,  and  to  explain  the 
laws  by  which  the  force  generated  was  governed. 
Pointing  out  that  the  force  generated  was  propor- 
tionate to  the  chemical  action  and  to  the  consump- 
tion of  some  of  the  elements  of  the  battery,  he 
showed  the  necessity  for  preventing  any  such  ac- 
tion or  decomposition  from  proceeding  unless  the 
resulting  force  was  utilized.  The  author  further 
showed  how  by  rendering  the  surface  of  the  most 
oxidizable  metal  homogeneous,  local  action  was 
suppressed.  The  various  methods  of  joining  up  the 
elements,  whether  as  forming  one  large  plate  or  in 
series,  was  alluded  to,  and  the  resulting  character 
of  the  force  explained. 

The  American  Society  of  Civil  Engineers. 
The  eighth  annual  meeting  of  this  Society 
was  held  on  the  20th  anniversary  of  its  foundation, 
November  6  th  last,  at  the  Society  rooms,  63  Wil- 
liam street,  New  York. 

Papers  as  follows  were  presented : 

"Record  of  some  experiments  showing  the 
character  and  position  of  Neutral  Axes  as  seen  by 
Polarized  Light,"  by  Louis  Nickerson,  C.  E.,  of 
St.  Louis,  Mo.  "  Coal  Cutting  Machinery  in  Eng- 
land," by  T.  Guilford  Smith,  C.  E.,  of  Lansing- 
burgh,  N.  Y. ;  and  "  Alcohol  as  an  Illuminator  in 
the  Condensed  Atmosphere  of  New  York  Caisson, 
East  River  Bridge,"  by  Francis  Collingwood,  C.E. 

The  annual  report  of  the  Board  of  Direction 
upon  the  affairs  of  the  Society,  with  brief  memoirs 
of  two  of  the  members  who  died  during  the  year, 
was  read. 

From  this  report  it  appears : 

During  the  past  year  the  attendance  at  the 
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meetings  of  the  Society  was  greater  than  during 
any  former  year,  while  the  interest  manifested,  the 
number  and  value  of  contributions  to  the  "  Trans- 
actions," the  discussions  thereon,  the  liberal  and 
progressive  spirit  shown  in  reference  to  sugges- 
tions from  time  to  time  made,  and  the  decided  in- 
crease in  membership,  exhibit  in  a  gratifying 
manner  the  regard  among  American,  engineers 
for  the  welfare  of  the  Society. 

The  additions  to  the  Society  during  the  year 
were : — 

Members — elected  83 — qualified  71 — resigned 
3 — dead  2. 

Making  increase  66. 

Associates : — elected  5 — qualified  3 — resigned  1 
— become  member  1,  making  increase  1 — 67 ;  fel- 
lows 13 — a  total  increase  in  members  of  80. 

The  present  membership  is : 

Members  : — resident  103 — non-resident  175 — 
total,  278. 

Associates:— resident  2 — non-resident  4 — total, 
6 — making  284 — fellows  61 — making  total  num- 
bers 345. 

During  the  year  22  meetings,  exclusive  of  the 
Annual  Convention,  were  held,  6  of  which,  in  the 
winter,  were  in  the  evening.  At  these  meetings, 
and  the  Annual  Convention  30  papers  on  a  diverse 
range  of  professional  topics  were  read.  At  times 
the  reading  was  followed  by  profitable  discus- 
sion upon  these  topics  and  others  of  kindred  in- 
terest. 

Twenty  papers  and  the  proceedings  of  the  An- 
nual Convention  were  published  during  the  year  ; 
and  most  of  these  were  reprinted  in  the  leading 
engineering  journals. 

By  donation  and  purchase  there  were  added  to 
the  library  of  the  Society  in  the  same  time  neaidy 
1,200  books  and  pamphlets,  including  53  volumes 
of  "  Specifications  and  Drawings  of  Patents,"  cur- 
rent series,  55  photographs  and  maps,  and  10  mod- 
els. 

It  is  hoped  that  soon  the  Society  may  devote  a 
fixed  portion  of  its  revenue  to  the  regular  increase 
of  its  library  by  the  purchase  of  rare  important 
scientific  and  technical  works. 

Mr.  George  H.  Newman,  of  Newport,  R.  I.,  has 
contributed  a  fund  sufficient  to  provide  yearly  a 
suitable  medal,  to  be  awarded  for  the  best  essay 
of  practical  engineering  interest,  either  descrip- 
tion of  structures  complete  or  in  course  of  erec- 
tion, or  a  record  of  experiments  illustrating  well- 
defined  theory. 

The  Treasurer's  report  shows  the  finances  of  the 
Society  to  be  in  a  satisfactory  condition,  and,  by 
the  recent  increase  of  membership  fees  and  dues, 
abundant  pecuniary  means  tor  all  its  purposes  are 
assured. 

The  first  annual  convention  of  the  Society  was 
held  in  Chicago,  June  5th  and  6th  last.  The 
largest  number  of  American  civil  engineers  ever 
brought  together  were  present,  who  contributed 
to  make  the  occasion"  one  of  rare  professional  im- 
provement and  sound  enjoyment 

Two  valued  members  died  during  the  year — 
Major  S.  S.  Post,  one  of  the  founders  of  the  So- 
ciety, and  Col.  M.  D.  Davidson,  who  early  became 
a  member. 

A  report  was  presented  on  a  plan  for  the  organ- 
ization of  local  branches  or  chapters  of  the  Society, 
which  was  referred  to  the  Membership  for  discus- 
sion by  correspondence  with  the  Secretary,  to  be  j 


taken  up  for  final  action  at  the  next  annual  con- 
vention. 

The  next  and  Fifth  Annual  Convention  of  the 
Society  will  be  held  at  Louisville,  Ky.,  May  14th 
and  15th  next. 

During  the  winter,  beginning  with  November 
20th,  the  meetings  on  the  third  Wednesday  in  tbe 
month  will  be  held  in  the  evening,  and  devoted  ex- 
clusively to  the  discussion  of  professional  subjects, 
while  the  meetings  on  the  first  Wednesday  of  the 
month  will  be  held  in  the  afternoon,  when  the 
routine  business  of  the  Society  will  also  be  taken 
up. 

Officers  were  elected  for  the  ensuing  year  as 
follows : 

Horatio  Allen,  President;  Julius  W.  Adams, 
Jacob  M.  Clark,  Vice-Presidents ;  Gabriel  Leve- 
rich,  Secretary ;  James  O.  Morse,  Treasurer;  Al- 
fred W.  Craven,  Thomas  F.  Rowland,  John  Bo- 
gart,  George  S.  Greene,  Francis  Collingwood,  Di- 
rectors. 

Subsequently  the  Standing  Committees  were 
appointed. : 

On  Finance,  Messrs.  Craven,  Rowland,  and 
Bogart. 

On  Library,  Messrs.  Morse,  Leverich,  and  Clark. 


IKON  AND  S1EEL  NOTES. 

The  Pig  Iron  Trade*. — The  iron  trade  of 
America  seems  on  the  point  of  a  new  depar- 
ture. After  years  of  struggling  against  heavy 
odds,  patient  endurance  in  periods  of  depression 
and  loss,  fears  and  hopes  alternating  as  failure  or 
success  seemed  to  be  the  penalty  or  reward,  want- 
ing in  sufficient  capital,  embarrassed  by  reason  of 
imperfect  knowledge  and  lack  of  skilled  labor,  con- 
fronted by  a  powerful  foe — every  doubt  has  at  last 
vanished,  physical  and  mechanical  difficulties  have 
been  largely  overcome,  capital  has  become  more 
abundant  and  remunerative,  the  excellence  of  our 
product  has  been  everywhere  established,  and  the 
peculiarities  of  American  character — pluck,  energy 
and  perseverance — have  at  last  placed  the  trade 
upon  a  foundation  so  broad  and  stable,  that  upon 
it  we  begin  to  erect  the  structure  of  a  world-wide 
business. 

Concerning  the  future  of  the  iron  trade  in  the 
United  States  there  can  be  but  little  doubt.  The 
growing  scarcity  and  constantly  increasing  cost  of 
raw  material  in  Great  Britain,  their  loss  of  labor 
by  emigration,  the  social  disturbances  among  the 
working  classes,  assuming  a  more  threatening 
attitude  on  each  new  outbreak,  the  rapidly  decreas- 
ing value  of  money,  in  consequence  of  the  enor- 
mous production  of  gold  and  silver,  combine  to 
forbid  any  return  to  former  prices,  and  indicate 
that  a  point  has  been  reached  beyond  which  any 
marked  increase  is  improbable.  The  same  causes 
are  operating  to  a  greater  or  less  extent  upon  the 
Continent.  In  the  meanwhile  the  growing  wants 
of  humanity  are  rapidly  outstripping  these  re- 
sources of  supply.  In  addition  to  the  steadily 
increasing  foreign  home  demand,  we  find,  the 
world  over,  the  most  intense  activity  everywhere 
displayed  in  enterprises  requiring  prodigious  quan- 


*  Extract  from   a  paper,    read   before  the   meeting  ot  the 
American  Institute  of  Mining  Engineers,  by  Mr.  E.  C.  Pechin, 
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tities  of  iron.  Railways  of  colossal  magnitude  are 
building  or  projected  in  Russia,  Australia,  the 
East  Indies,  North  and  South  America,  and  now 
the  hoary  and  laggard  East  unbars  its  venerable 
portals  and  invites,  with  open  arms,  the  fresher  and 
nobler  civilization  of  the  West  to  renew  its  life  by 
giving  to  it  what  the  other,  out  of  its  own  fertile 
brain,  has  created. 

In  the  United  States,  irrespective  of  the  60,000 
miles  of  road  to  be  maintained,  and  the  5,000  miles 
annually  building,  the  uses  of  iron  are  almost 
infinite.  Day  by  day  the  application  of  iron  and 
steel  in  new  directions,  and  in  novel  forms  is  in- 
creasing. It  is  authoritatively  stated  that  at  the 
present  rate  of  annual  consumption,  in  eight  years 
the  forests  of  Maine  will  have  disappeared.  In  the 
Northwest  the  ravages  of  fire  and  the  axe  of  the 
woodman  are  rapidly  diminishing  that  source  of 
supply. 

This  growing  scarcity  of  timber  is  compel- 
ling the  use  of  iron  in  buildings,  bridges  of 
wonderful  size  and  strength,  huge  ocean  steam- 
ships, barges  and  boats  for  lake  and  river  traffic, 
churches,  cars,  and  thousands  of  minor  articles  of 
every  shape  and  size.  Thus  looking  over  the  whole 
field  of  operations,  the  present  is  most  favorable — 
the  future  most  promising.  Thus  far  what  has 
been  said  applies  equally  to  all  branches  of  the  iron 
and  steel  business. 

The  Future  of  Pig  Iron.  What  follows  is 
applicable  more  particularly  to  the  manufacture  of 
pig  iron.  That  the  stocks  of  raw  irons  are  incon- 
siderable the  world  over  seems  to  be  admitted. 
The  chances  are  against  any  material  increase 
abroad,  so  that  the  only  matter  likely  to  disturb 
the  home  market  is  excessive  domestic  competition. 
Eroni  the  very  nature  of  the  business,  it  can  only 
be  increased  with  moderate  rapidity.  Under  the 
most  favorable  circumstances  it  takes  a  long- 
time to  build  a  modern  furnace — the  capital  re- 
quired is  very  great,  allowing  only  men  of  large 
means  to  engage  in  such  an  enterprise.  The  lo- 
calities naturally  adapted  for  the  business  are  com- 
paratively few.  A  still  greater  obstacle  in  the  time 
and  money  needed  to  open  mines  and  deliver  ma- 
terials. Whether  the  furnaces  in  existence  to-day 
can  obtain  full  supplies  of  ore  for  the  ensuing  year 
is  by  no  means  a  settled  question,  and  from  all  the 
data  obtainable  to  date,  the  probabilities  are  against 
it.     The  outlook,  therefore,  is  favorable. 

But  all  this  may  change — excessive  prices  may 
check  consumption,  and  a  falling  off  of  demand 
may  cause  lower  prices,  and  possible  loss ;  unex- 
pected crises  may  come,  just  as  they  have  come  be- 
fore ;  causeless  panics  may  again  unsettle  trade. 
It  is,  therefore,  a  duty  that  each  man  owes  to  him- 
self to  ward  off  a  disaster  by  present  watchfulness. 
The  American  ironmaster  should  plan,  construct 
and  manage,  as  if  the  barest  profit  that  rewards 
capital  and  labor  were  his  ;  as  if  he  were  assailed 
on  all  sides  by  the  fiercest  competition  at  home ; 
as  if  he  had  to  seek  the  market  of  the  world  for  his 
living,  and  find  himself  opposed  to  the  products  of 
all  nations  and  countries. 

To  build  up  a  business  that  will  be  permanently 
successful,  that  will  grow  with  our  nation's  growth 
and  strengthen  with  her  strength,  we  must  put 
ourselves  in  a  position  to  make  as  good  an  article, 
and  sell  it  as  cheaply,  as  any  other  people  can  or 
will,  and  anything  short  of  this  is  practical 
failure. 


[RON  vs.  Steel  Rails. — The  startling  assertion 
is  made  by  ' '  The  American  Railway  Times  " 
that  "  on  the  Boston  and  Albany  Railway  some 
12,000  tons  of  iron  rails  were  laid  last  year,  and  of 
this  amount  800  tons  have  been  removed  from  the 
track  as  useless  or  unsafe."  In  consequence  of 
such  shortcomings  in  point  of  service,  the  mana- 
gers of  several  roads  upon  which  a  large  business  is 
conducted  have  concluded  to  import  steel  rails 
from  Europe,  the  "  Times  "  relating  an  instance  of 
one  lot  of  9,000  tons.  In  the  earlier  days  of  rail- 
making  in  England,  great  care  was  exercised  in 
producing  a  very  superior  quality  of  iron,  which, 
made  into  rails,  would  do  service  for  a  period  of 
twenty  years,  while  our  "  good  iron  "  of  the  present 
day  will  be  rendered  unfit  for  duty  in  about  eight 
years.  At  this  rate,  it  would  be  a  matter  of 
economy  on  the  part  of  railway  companies  to  pay 
just  double  the  present  rates  for  rails  that  would 
last  twenty  years.  And  when  we  count  the  cost 
of  relaying,  it  would  be  found  cheaper  to  pay  even 
more  than  twice  the  cost  of  the  rotten  rails  named 
by  our  contemporary. 

It  is  stated  in  this  connection  by  the  "  Times, " 
that  a  pair  of  21  ft.  Bessemer  steel  rails  upon  the 
London  and  Northwestern  Railway  outlasted  six- 
teen faces  of  iron  rails,  being  evenly  worn  to  a 
depth  of  a  little  over  a  quarter  of  an  inch,  having 
in  about  three  years  sustained  the  traffic  of  upward 
of  9,000,000  engines  and  cars,  or  about  95,000,000 
tons.  These  two  rails  were  at  last  destroyed  by  an 
accident.  It  was  estimated  that  they  would  have 
endured  at  least  one  and  a  half  as  much  more  ton- 
nage had  they  continued  in  use.  Erom  the  above 
statements,  we  can  gather  some  idea  of  the  vital 
importance  of  securing  for  railway  service  iron  of 
the  best  quality,  not  only  in  view  of  its  economy,  * 
but  in  consideration  of  the  safety  insured  to  passen- 
gers by  its  employment  in  railway  construction. — 
Coal  and  Iron  Record. 
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XPERIMENT  ON  THE  STRUCTURE  OF  IRON. — In 
J  some  recent  experiments  made  in  Erance,  in- 
teresting information  has  been  made  known  in  re- 
gard to  crystalline  structure  in  wrought  iron.  The 
apparatus  consisted  in  a  bent  axle,  which  was 
firmly  fixed  up  to  the  elbow  in  timber,  and  which 
was  subjected  to  torsion  or  twist,  by  means  of  a 
cog-wheel  connected  at  the  end  of  the  horizontal 
part.  At  each  turn  the  angle  of  torsion  was  24 
deg.,  and  a  shock  was  produced  each  time  that  the 
bar  left  one  tooth  to  be  raised  by  the  next.  Seven 
axles  were  submitted  to  the  trial.  In  the  first  the 
movement  lasted  one  hour,  10,800  revolutions  and 
32,400  shocks  being  produced;  the  axle,  2,&u  in. 
diameter,  was  taken  from  the  machine  and  broken 
by  an  hydraulic  press,  but  no  change  in  its  texture 
occurred.  La  the  second,  a  new  axle  having  been 
tried  4  hours,  sustained  129,000  torsions,  and  was 
afterwards  broken  by  means  of  an  hydraulic  press ; 
no  alteration  was  perceptible  to  the  naked  eye,  but, 
tried  by  a  microscope,  the  fibres  appeared  without 
adhesion,  like  a  bundle  of  needh  s.  A  third  axle 
was  subjected  during  12  hours  to  338,000  torsions 
and  broken  in  two ;  a  change  in  its  texture  and  an 
increased  size  in  the  grain  of  the  iron  were  ob- 
served by  the  naked  eye.  In  the  fourth,  also,  the 
axle  was  broken  in  many  places  after  110  hours 
and  2,553,000  torsions.  In  the  fifth,  an  axle  sub- 
mitted to  23,3:;8,000  torsions  during  720  hours,  was 
completely  changed  in  its  texture.     In  the  sixth, 
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after  10  months,  during  which  the  axle  was  sub- 
mitted to  78,735,000  torsions  and  shocks,  fracture 
produced  by  an  hydraulic  press  showed  clearly  an 
absolute  transformation,  the  surface  of  the  rupture 
being  scaly,  like  pewter.  The  seventh  axle,  sub- 
mitted to  129,304,900  torsions,  presented  a  surface 
of  rupture  like  that  of  the  sixth,  the  crystals  were 
found  to  be  perfectly  well  defined,  the  iron  having 
lost  every  appearance  of  wrought  iron.- —  U.  S.  R.  R. 
and  Mining  Register. 

The  French  Iron  Trade. — Numerous  orders 
are  being  received  by  French  ironmasters  on 
foreign  account .  The  production  of  Bessemer  steel 
is  being  carried  on  in  France  on  a  considerable 
scale  and  upon  favorable  conditions;  the  Orleans 
and  Rouen  Railway  Company  is  about  to  establish 
a  Bessemer  converter  at  works  recently  purchased. 


RAILWAY  NOTES. 

J)  ati.ro ads  in  Russia. — The  new  railway  in 
IV  Russia  are  progressing  much  less  rapidly  than 
was  anticipated  at  the  opening  of  the  year.  The 
Yaroslavi- Vologda  and  Lozovo-Sebastopol  lines  are 
still  far  from  complete,  and  the  Poti-Tiflis,  which 
was  to  have  been  opened  in  the  winter  of  1870-71, 
is  not  yet  fit  for  use.  Less  is  now  heard  about  the 
great  "  strategic  "  lines  concerning  which  so  much 
was  said ;  at  present,  the  railways  projected  from 
time  to  time  are  almost  exclusively  commercial, 
intended  either  to  connect  isolated  factories  with 
the  general  railway  system,  or  to  perfect  the  com- 
munication between  ports  (especially  those  of  the 
Baltic  seaboard)  and  the  interior.  The  Bourse 
"  Gazette"  announces  the  projection  of  a  new  line 
of  this  kind,  from  Vazma  to  Rjeff  i  meeting  the 
Rjeff-Torjok  Railway,  which  is  now  in  process  of 
construction)  in  order  to  open  up  the  flax-growing 
districts  and  connect  them  with  Moscow. 

Vienna  Tramways. — There  are  eight  lines  of 
tramways  in  Vienna,  nearly  22  kilometres 
(13  5-  miles)  in  extent,  or  a  length  of  single  line  of 
44  kilometres  (26  miles).  The  average  number  of 
horses  employed  in  1870  was  1000,  and  the  Tram- 
ways Company  possess  nearly  400  cars,  of  three 
different  kinds.  About  one-fourth  are  winter  cars, 
with  two  closed  compartments  (one  for  smokers  1, 
and  18  seats.  The  summer  cars  are  open,  with  a 
roof  covering  supported  on  standards  ;  they  are  7 
metres  long  and  contain  21  seats.  There  are  also 
composite  cars  for  the  two  seasons,  of  the  same 
length  as  the  summer  cars,  but  with  open  ends,  and 
a  closed  central  compartment.  The  gauge  is  1.9 
metres,  or  nearly  6  ft.  3  in.,  and  the  minimum  radius 
of  curvature  is  8  metres,  or  nearly  9  yards.  The 
total  number  of  passengers  conveyed  during  the 
year  was  12,548,000,  and  their  average  fare  was 
2^d. 

Improvements  in  Street  Cars. — Mr.  John 
Stephenson,  the  well  known  street  car  and 
omnibus  builder  of  new  York  city,  whose  passen- 
ger vehicles  may  be  seen  in  nearly  eveiy  country 
on  the  globe,  has  recently  received  patents  for 
various  improvements  in  their  construction,  which 
consist  as  follows :  The  first  invention  relates  to 
securing  the  metallic  connection  between  the  run- 


ning gear  and  the  body  of  the  car,  which  is  au 
plished  by  interposing  rubber  or  other  elastic 

terial  between  the  parts,  so  as  to  reduce  the  dis- 
comfort experienced  by  passengers  from  the  noise 
of  the  wheels,  the  clattering  of  the  parts,  and  the 
jar  occasioned  by  applying  the  brakes.  The  next 
improvement  consists  in  making  the  axle-journal 
without  a  shoulder,  and  placing  a  spring  chock  at 
the  end,  by  which  arrangement,  as  the  car  is  forced 
from  side  to  side  through  inequalities  in  the  track, 
the  concussions  are  relieved  by  means  of  the  spring 
cheek.  The  third  invention  provides  means  for 
securely  holding  and  fastening  the  caps  of  car-axle 
journal-boxes,  and  the  fourth  improves  the  con- 
struction of  car-brakes,  so  as  to  simplify  the  same 
and  facilitate  repairs. — American  Railway  7 

TIMA  and  Oroya. — A  synopsis  of  the  report  of 
J  the  Company  shows  the  following  details: 
From  Lima  to  Oroya  is  120  miles  ;  highest  altitude 
to  be  reached,  16,000  ft. ;  greatest  grade,  4J-  to  5 
per  cent. ;  gauge,  4  ft.  8  in. ;  ultimate  destination, 
head  of  navigation  on  the  Amazon,  more  than  100 
miles  east  of  Oroya ;  first-clas  engines  reopiired  by 
contract  to  stock  the  road,  2  J  ;  time  given  to  complete 
it,  6  years ;  terms  of  contract,  827,000,000.  The 
distance  and  altitude  are  given  in  round  numbers ; 
the  distance  may  be  a  few  miles  more  or  less,  but 
the  altitude  is  certainly  not  less,  and  probably  may 
be  more. 

Trains  run  up  to  Rio  Seco,  50  or  60  miles  be- 
yond E.  .Up  to  this  point  the  work  has  been  light 
in  comparison  with  the  next  30  miles  beyond, 
which  will  embrace  most  of  the  deep  cuts,  bridges, 
tunnels,  etc.,  as  well  as  the  highest  altitude.  For 
the  first  25  miles,  to  Chosica,  the  grade  is  very 
light,  the  railroad  keeping  up  the  Riniac  river 
and  close  by  its  side  for  many  miles.  At  this  point 
will  be  located  one  of  the  repair  shops  of  the  rail- 
road. Passing  Chosica,  the  grade  rapidly  increa- 
ses, and  the  valley  contracts  until  it  is  fins  lly 
pinched  entirely  out,  and  the  railway  winds  up  a 
narrow  defile.  Twenty-five  miles  beyond  is  San 
Bartholomew,  a  cluster  of  20  or  30  native  huts. 
Here  will  be  another  small  repair  shop  and  engine 
house.  Four  miles  beyond  is  Rio  Seco,  the  present 
terminus  of  the  road.  A  little  above  this  men  are 
at  work  blasting  the  solid  rock  for  the  first  tunnel. 
Rio  Seco  is  more  than  a  mile  above  the  sea.  Two 
trains  a  day  from  Lima  arrive  at  Rio  Seco.  and  all 
material  for  stations  beyond  is  forwarded  upon 
mules.  On  the  return  the  trains  use  no  steam, 
the  grades  being  so  uniformly  down  that  alight 
hand-car  started  at  Rio  Seco  will  run  to  Lima  by 
its  own  gravity.  Six  first-class  locomotives  are 
now  in  operation,  and  others  are  on  the  way 
around  the  Horn.  They  are  all  made  expressly  for 
heavy  draught  engines.  The  grade  is  so  steep  that 
seven  loaded  cars  is  the  largest  train  that  lias  ever 
yet  been  taken  to  Rio  Seco.  The  greatest  ere  lit 
is  due  the  engineer  (Mr.  Harry  Meiggs  for  the 
manner  in  whichhe  has  surmounted  very  great  ob- 
stacles and  difficulties.  The  work  goes  steadily 
on,  and  the  Peruvian  Gk> vernment  demonstrates  its 
increasing  confidence  in  the  engineering  abilities 
of  Mr.  Meiggs  by  awarding  him  contract  after 
contract  over  all  competitors,  and  the  liberal  policy 
he  has  manifested  toward  all  those  in  his  employ, 
has  elevated  the  American  character  in  the  eyes  of 
the  Peruvian  people  far  above  that  attained  through 
any  diplomatic  influence. — Railway  Review. 
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Inclined  Planes — the  Centre  Rail  System. 
— The  centre  rail  system,  first  proposed  and 
practically  tested  22  years  ago,  on  the  Panama 
Railroad,  is  about  to  have  another  trial ;  this  time 
to  be  made  in  Brazil,  on  the  Cantagallo  Railroad, 
which  bids  fair  to  occupy  an  important  place 
among  the  engineering  works  which  have  done  so 
much  to  develop  the  resources  of  Brazil.  At  pres- 
ent the  important  coffee-producing  district  of  Can- 
tagallo, situated  at  a  high  level  (separated  from 
the  lowlands  by  the  Organ  mountains),  has  to 
transport  its  produce  by  mules  across  the  moun- 
tains to  Caxoeira,  from  which  a  railroad  of  5  ft.  3 
in.  gauge  has  for  13  yeara  past  extended  to  Rio  Ja- 
neiro. This  costly  and  uncertain  transportation 
by  mules  led  to  a  desire  to  extend  the  railway 
communication  across  the  Organ  range  into  the 
heart  of  the  Cantagallo  district,  and  ultimately 
there  was  obtained  a  franchise  to  build  a.  railroad 
from  Caxoeira  across  the  mountains  to  Nova  Fri- 
bui'go,  to  be  ultimately  extended  60  miles  further 
to  Cantagallo.  This  line,  now  constructing,  has  a 
gauge  identical  with  that  of  the  Mont  Cenis  Rail- 
road, and  that  part  of  it  traversing  the  coast  side 
of  the  mountains  will  be  laid  with  the  centre  rail. 
In  7J  miles  this  mountain  portion  rises  about 
3,000  ft.,  the  gradient  varying  from  1  in  20  to  1  in 
12,  and  for  the  greater  part  1  in  13,  while  the 
curves  are  about  140  ft.  radius.  The  permanent 
way  of  the  mountain  portion  of  the  line  is  identi- 
cal in  construction  with  that  of  the  Mt.  Cenis  Rail- 
road. The  rails  weigh  65  lbs.  per  yard,  the  cen- 
tral one  being  raised  9  in.  above  the  ordinary  car- 
rying rails,  and  bolted  to  wrought-iron  chairs, 
which  are  secured  to  a  longitudinal  sleeper  fixed 
to  the  ordinary  transverse  sleepers.  As  in  the 
case  of  the  Mt.  Cenis  Railroad,  also,  the  mid-rail 
will  only  be  laid  on  the  steep  inclines,  the  ends  of 
each  length  being  tapered  so  that  the  gripping 
wheels  may  pass  on  and  off  easily.  Recent  trials 
of  locomotives  seem  to  have  proved  satisfactory. 
The  engine  is  carried  on  two  pairs  of  coupled 
wheels  of  2  ft.  4  in.  diameter,  driven  by  cylinders 
13  in.  in  diameter  with  a  stroke  of  14  in.,  while  a 
second  pair  of  cylinders,  14  in.  in  diameter  and  12 
in.  stroke,  drive  two  pairs  of  horizontal  gripping 
wheels  1  ft.  10  in.  in  diameter.  The  wheel  base  of 
the  engine  is  7  ft.,  while  the  two  pairs  of  horizon- 
tal gripping  wheels  are  placed  as  close  together  as 
possible,  and  are  situated  midway  between  the  ax- 
les of  the  vertical  wheels.  The  pair  of  cylinders 
driving  the  horizontal  wheels  are  arranged  on  the 
centre  line  of  the  engine,  one  above  the  other,  the 
piston  rod  of  each  cylinder  being  attached  to  a 
long  transverse  crosshead  suitably  guided,  from 
the  ends  of  which  connecting  rods  lead  off  to 
cranks  on  the  axes  of  the  leading  horizontal  wheels. 
The  axis  of  each  horizontal  wheel  has  two  cranks 
at  right  angles  to  each  other,  the  two  axes  on  each 
side  of  the  centre  rails  being  connected  by  coup- 
ling rods,  while  the  leading  axis  of  each  pair  so 
coupled  is  driven  by  the  connecting  rods  already 
mentioned.  The  axes  of  the  horizontal  wheels  are 
mounted  in  bearings  carried  by  cast-steel  cradles, 
so  arranged  that  by  means  of  a  right  and  left- 
handed  screw,  the  gripping  wheels  can  be  made  to 
exert  a  pressure  of  any  desired  amount  up  to  40 
tons  on  the  mid-rail.  The  engines  for  driving  the 
horizontal  and  vertical  wheels  are  independent  of 
each  other,  with  two  regulators  and  two  sets  of  re- 
versing gear,  and  an  independent  ordinary  and 


mid-rail  brakes.  "With  these  arrangements  the 
tractive  power  is  estimated  as  enormous — with  a 
clean  rail  the  adhesion  is  reckoned  at  six  tons,  at 
the  least ;  and  the  experiments  thus  far  made  seem 
to  demonstrate  the  j>racticability  of  these  locomo- 
tives, and  hence  the  efficiency  of  this  most  difficult 
line  of  railway. — Railway  Revieic. 

Thomas  A.  Scott,  Esq.,  Vice  President  of  the 
Pennsylvania  Railroad  Company,  gives  the  fol- 
lowing testimonial  in  regard  to  the  Wharton 
switch : 

"  After  careful  experiment  upon  our  road  at  sev- 
eral points  where  it  could  be  most  thoroughly 
tested,  during  which  you  have  perfected  the  Whar- 
ton Railroad  Switch,  so  that  we  think  it  adapted  to 
all  our  wants,  we  have  concluded  to  adopt  it  on 
our  own  road  and  the  roads  leased  by  us;  and  will 
give  it  place  as  rapidly  as  we  can  do  so  consistently 
with  the  proper  maintenance  and  operation  of  the 
line. 

"  I  believe  that  it  will  prove  of  great  practical 
value  to  all  the  railways  of  the  country." 


ENGINEERING  STRUCTURES. 

The  Monster  Derrick. — Some  months  since, 
1  the  Delamater  Iron  Works  constructed,  for 
the  Department  of  Docks,  a  100-ton  floating  der- 
rick, which  is  now  in  successful  operation,  and  is 
the  most  powerful  structure  of  its  kind  in  the 
world.  It  was  constructed  for  the  purpose  of  trans- 
porting and  laying  underwater  the  huge  monolyths 
of  artificial  stone  or  beton  which  form  the  lower  part 
of  the  river  wall  which  is  to  surround  the  water 
front  of  the  city,  and  has  a  lifting  power  of  up- 
wards of  100  tons. 

The  float  which  carries  the  derrick  is  of  rec- 
tangular form,  66  by  71  ft.,  and  13  ft.  in  depth.  It 
is  built  for  the  most  part  of  Georgia  pine,  put 
together  in  the  strongest  manner,  in  order  that  it 
may  stand,  without  twisting,  the  heavy, loads  it 
carries  on  its  deck,  as  well  as  the  strain  caused  by 
the  great  weights  which  are  lifted  by  its  boom. 
The  float  is  stiffened  by  16  trusses,  extending  from 
the  deck  to  the  bottom,  and  running  across  from 
side  to  side. 

The  tower,  which  is  placed  upon  the  float,  and 
which  carries  the  derrick  proper — viz.:  the  king 
post  and  booms — is  made  of  12  baulks  of  Georgia 
XDine,  63  ft.  3  in.  in  length,  and  14  in.  square  ;  these 
balks  or  legs  are  stiffened  from  one  end  to  the 
other  by  struts  and  braces ;  their  lower  ends  are 
bolted  into  a  heavy  cast-iron  circle,  which,  in  its 
turn,  is  held  down  by  numerous  bolts,  which  pass 
down  through  the  bottom  of  the  float.  At  their 
upper  extremity  these  legs  are  brought  close  to- 
gether and  are  inserted  in  a  heavy  cast-iron  cap,  to 
which  they  are  bolted.  The  tower  thus  described 
accordingly  forms  a  frustrum  of  a  cone  40  ft.  in 
diameter  at  the  base,  62  ft.  in  height,  and  12  ft.  in 
diameter  at  the  top.  The  cast-iron  cap  which  sur- 
mounts it  is  made  with  a  circular  hole,  through 
which  the  king  post  passes. 

The  front  or  hoisting  boom  of  the  derrick  con- 
sists of  two  wrought-iron  box  girders  22  in.  deep 
by  9 1  in.  wide ;  these  girders  are  made  with  the  great- 
est care,  the  plates  having  been  accurately  planed 
and  all  the  rivet  holes  drilled,  instead  of  punched. 
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These  girders  are  spaced  24  in.  asunder,  and  are 
held  securely  parallel  by  appropriate  braces  of 
wrought  iron ;  on  the  upper  and  inner  edges  of 
these  girders  a  track  or  slide  of  polished  brass  is 
fastened  by  countersunk  screws  ;  these  tracks  have 
a  projector  which  extends  a  short  distance  down- 
ward ;  the  carriage  which  carries  the  main  hoisting 
blocks  slides  on  these  tracks.  The  carriage  is  com- 
posed of  two  plates  of  iron  £  in.  in  thickness,  and 
spaced  10  in.  asunder ;  its  length  is  8  ft.,  its  depth 
3  ft.  When  its  under  side  bears  upon  the  track,  a 
sliding  surface  is  formed  by  two  pieces  of  ash  wood, 
well  saturated  with  grease,  and  extending  the  en- 
tire length  of  the  carriage ;  similar  pieces  are  at- 
tached along  the  sides.  This  arrangement  works 
exceedingly  well,  the  carriage,  with  its  heavy  load, 
moving  with  perfect  steadiness.  At  each  end  of  the 
carriage  are  placed  cast-iron  sheaves  ;  around  these 
sheaves  the  wire  rope  passes  which  runs  the  car- 
riage in  and  out  on  the  boom.  Heavy  wrought- 
iron  bands  are  fastened  to  the  carriage,  which  ex- 
tend downward  to  the  under  side  of  the  boom,  and 
to  them  are  attached  the  main  hoisting  blocks ;  the 
upper  one  of  these  two  blocks  is  so  secured  that  it 
will  hang  perpendicularly,  no  matter  how  much 
the  float  may  careen  under  a  heavy  weight  or  un- 
equal loading.  The  front  or  hoisting  boom  already 
described  is  supported  by  18  diagonal  rods  2l8  in. 
in  diameter,  of  iron,  which  resist  75,000  lbs.  per 
square  inch  tensile  strain ;  these  rods  converge  near 
the  top  of  the  king  post,  and  are  secured  to  it  by 
three  heavy  forgings,  which  straddle  the  iron  cap 
on  the  top  of  the  post.  These  forgings  extend 
backward  sufficiently  to  receive  the  counter  stays, 
which  are  3f  in.  in  diameter,  and  which  extend  to 
the  end  of  the  back  boom.  The  back  boom  is 
similar  to  the  front  one,  except  that  it  is  composed 
of  one  box  girder. 

The  king  post  is  wrought  iron,  40  in.  outside 
diameter.  It  is  hollow,  and  its  shell  is  f  in. 
thick.  The  king  post  is  supported  as  follows  :  Its 
lower  end  is  12  ft.  below  the  top  of  the  tower, 
through  which  it  passes,  and  it  is  inserted  in  a  cir- 
cular casting;  this  casting  bears  upon  another 
casting  some  12  ft.  in  diameter,  and  reaches  radi- 
ally to  the  tubular  legs  of  the  tower  to  which 
it  is  secured.  The  king  post  revolves  in  the 
lower  casting,  thus  swinging  the  boom  completely 
around. 

The  back  boom,  already  mentioned,  is  held  down 
by  eight  parts  of  1 J  steel  wire  rope,  the  breaking 
strain  of  each  part  being  78  tons.  The  rope  is  in 
one  piece,  and  it  is  rove  through  sheaves  on  the  end 
of  the  boom,  and  also  through  similar  sheaves  at- 
tached to  the  carriage  on  the  traversing  circle,  al- 
ready described,  and  which  spreads  over  some  18  ft. 
of  the  circle.  By  this  arrangement  the  heavy  strain 
in  distributed  on  the  8  parts  of  the  rope.  Under 
a  strain  of  some  300,000  lbs.  these  guys  do  not 
yield  enough  to  allow  the  side  of  this  post  to 
touch  the  front  side  of  the  casting  on  the  top  of 
the  tower  through  which  it  passes. 

The  derrick  has  the  power  of  giving  three  mo- 
tions to  its  load:  1.  The  lifting  motion  ;  the  gear 
for  this  purpose  consists  of  two  blocks  with  ten 
24-in.  sheaves  in  each;  a  wire  rope  1£  in.  in  di- 
ameter is  rove  through  these  blocks,  the  two  ends 
passing  down  through  the  centre  of  the  king  post 
to  a  cast-iron  drum  60  in.  in  diameter,  which  is 
driven  by  a  pair  of  engines  with  12  by  14  in.  cylin- 


ders, connected  by  appropriate  gearing ;  the  bight 
of  this  hoisting  rope  passes  around  a  horizontal 
sheave  placed  at  the  end  of  the  boom,  hence  the 
carriage  may  be  run  in  and  out  by  changing  the 
position  of  the  load  vertically .  2.  Th- 
of  the  load  in  and  out  on  the  boom,  the  general 
arrangement  of  the  carriage  has  been  described,  so 
that  it  is  only  necessary  to  state  that  four  part-  of 
wire  rope  are  rove  through  each  end  of  the  car- 
riage, the  ends  of  the  rope  are  carried  down 
through  the  king  post  and  wound  in  opposite  di- 
rections around  a  drum  driven  by  a  pair  of  enjrines 
similar  to  those  already  described.  3.  The  move- 
ment of  Avinging  the  load ;  this  is  done  by  wire 
ropes  attached  to  the  carriages,  which  roll  on  the 
traversing  circle  ;  these  ropes  pass  in  opposite  di- 
rections around  the  circle  and  are  wound  in  op- 
posite directions  around  a  drum  similar  to  the  one 
already  mentioned.  Although,  as  has  been  shown, 
there  is  a  flexible  connection  between  the  travers- 
ing carriages  and  the  end  of  the  back  boom,  the 
boom  follows  the  slightest  change  in  the  position 
of  the  carriages,  and  is  instantly  stopped  by 
checking  them. 

The  front  and  back  booms  form  a  continuous  arm, 
being  braced  together  laterally  by  a  lattice  truss  of 
lozenge  form,  made  of  wrought  iron. 

All  the  machinery  is  placed  on  a  float  under 
the  tower,  and  the  levers  which  operate  it, 
and  which  give  the  various  movements  men- 
tioned, are  brought  together  on  a  platform  35  ft. 
above  the  deck  of  the  float,  so  that  the  person 
operating  them  acts  in  full  view  of  the  load  that  is 
being  handled. 

To  repeat  in  part,  the  following  are  the  chief 
dimensions  of  the  derrick:  Length  of  float.  77  ft.: 
breadth  of  float,  60  ft.;  depth  of  float,  13  ft.;  length 
of  hoisting  boom,  63  ft.  3  in.;  length  of  back  boom, 
50  ft.  3.;  length  from  end  to  end  of  booms.  10  ft. 
6  in.;  heiaht  from  bottom  of  float  to  top  of  king 
post  127  ft.  3  in. 

This  general  type  of  derrick  was  projected  by 
Bishop  many  years  ago ;  but  those  that  have  here- 
tofore been  built  are  of  very  inferior  construction 
to  this  one.  The  one  above  described  is  a  thorough 
engineering  structure  from  top  to  bottom .  It  has 
many  mechanical  refinements,  to  which  is  due  the 
marked  success  which  has  attended  its  working 
under  very  heavy  loads.  The  novel  arrangement 
of  the  wire  guys  on  the  back  boom,  spreading-,  as 
they  do,  the  strain  over  a  large  section  of  the 
traversing  circle,  may  be  particularly  mentioned. — 
Nautical  Gazette. 

THE  St.  Gothaed  TtcsfXEL  will  have  a  length  of 
9.2  miles,  and  will  be  entirely  on  a  straight  line. 
The  summit  rail  load  in  the  middle  of  the  tunnel  will 
be  3,788  ft.  above  sea  level.  The  same  section  of  tun- 
nel as  on  the  Mont  Cenis  is  to  be  adopted.  36  ft. 
2  in.  wide,  and  19  ft.  8-t  in.  high.  From  geological 
indications  the  following  strata  will  have  to  be 
pierced,  and  in  the  order  named  :  Granitic  gneiss. 
2,050  yards;  gneiss,  393:  schists  ^with  marble. 
3,050;  granitic  gneiss,  4,100  :  gneiss,  508  :  granitic 
gneiss,  2,500;  gneiss  and  mica  schist.  1,545  :  horn- 
blend  and  schist,  1,336;  dolomite  and  gypsum.  710  : 
making  a  total  of  16,192  yards.  Contractors  are 
invited  to  submit  proposals  with  reference  to  the 
work  up  to  the  18th  of  next  May,  to  the  admin- 
istration of  the  St.  Gothard  Railway. 
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American  Steamships. — We  have  left  to  us 
one  line  of  American  ocean  steamships  of 
which  we  have  a  right  to  feel  proud — the  line 
which  connects  San  Francisco  with  China  and 
Japan.  It  seems  that  the  China  steamers  of  the 
Pacific  Mail  Company  are  to  follow  the  fate  of 
other  American  ocean  steamers.  A  new  fleet  of 
magnificent  English  ships  is  to  be  put  on  the  same 
route.  These  vessels  may  not  surpass  in  speed, 
comfort,  or  safety,  the  American  steamers,  but  the 
former  are  propelled  by  the  screw,  while  the  lat- 
ter still  adhere  to  the  paddle-wheel. 

The  Great  Russian  Iron-Clad. — A  St.  Peters- 
burg correspondent  of  the  "Daily  News"  de- 
scribes the  launch  of  the  sea-going  turret  ship 
Peter  the  Great  from  the  Admiralty  dock-yard 
there.  The  vessel  received  its  name  from  the  Grand 
Duke  Constantine,  in  the  presence  of  a  great  con- 
course of  people.  The  wedges  were  withdrawn 
simultaneously,  and  the  great  ship  glided  without 
check  or  noise  into  the  Neva.  The  vessel  has  been 
designed  by  Admiral  Popoff,  an  officer  of  the  high- 
est distinction,  who  is  well  and  favorably  known 
in  England.  His  ship  differs  in  many  respects 
from  the  American  and  English  turret  ships.  While 
as  good  a  piece  of  mechanical  construction  as  any 
of  Mr.  Reed's  vessels,  she  is  in  size,  height,  form, 
buoyancy,  stability,  and  engine  power,  able  to 
make  a  long  voyage  of  17  days  at  a  high  speed  in 
any  condition  of  weather.  The  Peter  the  Great  is 
329  ft.  8  in.  in  length  between  perpendiculars.  Her 
greatest  outside  breadth  in  63  ft.  The  builder's 
measurement  is  5,352  tons,  and  the  displacement, 
with  coals,  stores,  and  water  in  boilers,  will  be 
9,665  tons,  at  a  mean  draft  of  23  ft.  9  in.  The 
plates  on  the  ship's  sides  and  raised  building  amid- 
ships vary  from  12  to  14  in.,  and  the  armor-plate 
protects  the  ship  to  a  depth  of  6  ft.  below  the  water 
line.  The  vessel  has  no  spur,  but  the  upright 
stem  is  heavily  plated,  and  of  enormous  strength. 
The  ship  has  two  large  turrets,  which  are  plated 
with  1 6  in  of  iron,  in  two  thicknesses  of  14  and  2 
in.  She  has  no  masts,  but  depends  entirely  on  her 
engines,  which  have  been  built  by  the  Widow 
Paird.  The  engines  are  on  the  compound  prin- 
ciple, and  in  construction  resemble  the  Messrs. 
Rennie's  latest  type.  Each  engine  is  700  horse 
power,  and  connected  with  two  four-bladed  screws. 
There  are  12  boilers,  which  will  require  at  full  speed 
132  tons  of  coal  in  24  hours,  at  which  rate  of  con- 
sumption the  engines  will  work  at  10,000  horse 
power  effective,  and  the  ship  will  be  driven  at  14t 
knots  speed  per  hour.  If  the  engines  are  worked 
at  second  grade  of  expansion  she  will  have  coalfor 
17  days,  steaming  121  to  13  knots  per  hour.  With 
the  single  exception  of  the  teak-wood  backing,  all 
the  materials  of  the  ship,  engines,  aud  armament 
have  been  produced  in  Russia,  by  Russian  work- 
men. The  iron  plates  of  which  the  hull  has  been 
built  were  made  of  Russian  iron,  at  the  Imperial 
factories  of  Petrozavodsk  and  Kolpino.  These  plates 
are  of  superb  quality  charcoal  iron,  much  superior 
to  the  best  Yorkshire  plates  in  respect  of  closeness 
of  fibre  and  toughness.  The  armor  platas,  also  of 
Russian  iron,  were  all  rolled  at  Kolpino,  25  miles 
from  St.  Petersburg,  and  are  of  the  finest  descrip- 
tion. They  will,  it  is  said,  sustain  the  blows  of 
the  heaviest  shots  without   splitting.      The  four 


cannon  for  the  Peter  the  Great  are  being  made  at 
the  Imperial  foundry  of  Alexandrofsky,  nine  miles 
from  Sf.  Petersburg.  Each  gun  is  of  steel,  built 
up  like  Vavasseur's  gun,  and  breech-loading  on  a 
system  which  differs  but  little  from  Krupp's.  The 
bore  is  12  in.,  and  the  projectile  of  700  pounds  will 
be  propelled  at  a  velocity  exceding  1,400  ft.  per 
second.  The  steel  from  which  the  guns  are  made 
is  oil  tempered,  and  of  very  fine  quality,  superior 
in  respect  of  strength  and  toughness  to  either 
Krupp's  or  the  Woolwich  Arsenal  tube  metal. — 
Nautical  Gazette. 

The  Naval  Force  op  France. — From  statistics 
recently  published,  it  appears  that  the  French 
fleet  now  consists  of  104  war  vessels  afloat,  of 
which  seven  are  armor-plated,  and  73  on  trial  or 
in  reserve,  including  17  armor-plated,  making  a 
total  of  181.  The  navy  comprises  27,993  men. 
Next  year  the  fleet  will  consist  of  94  vessels  afloat, 
8  iron-clad,  and  62  in  reserve  or  on  trial,  or 
allotted  for  training,  19  of  them  being  iron-clad. 
The  naval  service  will  have  an  effective  force  of 
28,431  men.  A  sum  of  22,000,000  francs  will  be 
set  apart  during  the  two  years  for  new  building, 
and  ought  to  provide  1 2  new  vessels.  When  the 
number  of  ships  condemned  by  the  committee  of 
investigation  is  taken  into  account,  this  figure  does 
not  seem  sufficiently  high ;  but,  on  the  other  hand, 
it  must  be  remembered  that  the  power  of  increase 
will  be  greatly  extended  by  the  plan  in  future  to 
be  adopted,  of  building  in  private  yards,  of  which 
there  are  many  more  now  than  in  former  days. 


BOOK  NOTICES. 

INTRODUCTION  TO  CHEMICAL  PHYSICS.  By 
Thomas  Rtjggles  Pynchon,  M.  A.  New 
edition,  revised  and  enlarged.  New  York :  D.  Van 
Nostrand. 

A  new  branch  of  scientific  instruction  has  been 
added  within  the  last  few  years  to  those  generally 
considered  indisj>ensable  to  a  course  of  scientific 
study.  It  appeared  first  in  the  technical  schools, 
but  is  now  finding  a  place  in  the  academies  and 
preparatory  schools.  The  work  before  us  is  the 
latest,  and,  so  far  as  we  have  examined  similar 
treatises,  the  best  contribution  to  this  department 
of  human  knowledge.  It  is  quite  as  much  a  sup- 
plement to  the  course  of  so-called  Natural  Philoso- 
phy as  an  introduction  to  Chemical  Physics  ;  and 
still  "  all  matters  "  says  the  author,  "  of  which  a 
knowledge  could  equally  well  be  obtained  from 
any  good  treatise  on  Natural  Philosophy,  have 
been  omitted.'' 

The  leading  topics  in  point  of  interest — those 
which  the  reader  would  experience  difficulty  in 
finding  so  fully  elucidated  in  the  standard  text- 
books, we  briefly  set  forth  below. 

After  a  short  chapter,  devoted  chiefly  to  the  dif- 
ferent states  of  matter  and  the  nature  of  chemical 
forces,  the  topic  of  Heat  is  discussed  in  the  fullest 
manner.  Under  the  title  "Diffusion  of  Heat," 
conduction,  connection  and  radiation  are  of  course 
explained,  and  in  the  usual  order,  but  with  a 
degree  of  fulness  not  to  be  found  in  other  so- 
called  text-books.  Sixty  pages  are  devoted  to  this 
section  alone.  In  the  treatment  of  Radiation,  the 
latest  discoveries  regarding  diathermancy  are  fully 
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set  forth.  Some  of  the  topics  are  as  follows : 
Diathermancy  not  proportioned  to  transparency; 
Melloni's  experiments  on  diathermancy  of  solids; 
the  diathermancy  of  liquids ;  the  diathermancy  of 
gases,  unequal  diathermancy  of  heat  from  the  same 
source,  owing  to  a  property  of  hodies  called  Ther- 
mochrosis. 

The  Second  Section  treats  of  Expansion  due  to 
Heat ;  the  useful  effects  of  such  expansion  receiv- 
ing special  attention.  The  various  forms  of  ther- 
mometers and  pyrometers  are  illustrated  largely 
by  wood-cuts  interspersed  in  the  text. 

Liquefaction  forms  the  subject  of  the  Third  Sec- 
tion under  the  general  topic  of  "  Effects  of  Heat." 
The  Heat  of  Composition,  Heat  of  Fluidity,  and 
the  Theory  of  Fluxes  are  the  leading  items  among 
numerous  important  and  interesting  ones. 

Section  Four  deals  with  Ebullition,  and  Section 
Five  with  Evaporation.  Seventy-five  pages  are 
not  considered  too  much  space  in  which  to  eluci- 
date these  important  phenomena  and  their  rela- 
tions to  practical  science.  Of  course  engines  and 
boilers  receive  a  fair  share  of  attention ;  but  so 
also  do  such  topics  (unusual  in  books  designed  for 
class  instruction)  as  "fractional  distillation,"  and 
"  the  relative  economy  of  employing  other  vapors 
than  that  of  water  in  our  engines." 

Specific  Heat,  The  Sources  of  Heat,  and  The 
Nature  of  Heat  are  treated  respectively  in  the 
Sixth,  Seventh  and  Eighth  sections.  Many  valu- 
able tables  are  included  in  this  portion  of  the  book, 
all  of  which  are  of  the  highest  importance  to  the 
worker  in  either  the  physical  or  chemical  labora- 
tory. 

Under  the  head  of  Light,  in  Chapter  Third,  we 
find  a  very  complete,  yet  concise  account  of  the 
spectroscope,  its  uses,  and  the  late  discoveries 
effected  by  it.  Many  spectra  are  exhibited  by 
wood-cuts. 

Electricity,  Static  and  Dynamic,  Magnetism, 
Electro-Magnetism,  Magnets,  Electricity,  and 
Thermo-Electricity  form  the  subjects  of  the  Fourth 
and  last  chapter  of  the  book.  Batteries  of  many 
forms,  their  theories  and  adaptability  'respectively 
to  various  uses,  are  described  in  the  most  thorough- 
ly practical  manner.  Telegraphs,  Electro-Motors. 
and  Electric  Clocks  follow  next  in  order.  The 
Economy  of  Magnetic  Engines  Compared  with 
Heat  Engines  is  discussed  in  a  brief  section  that 
might  be  committed  to  memory  with  lasting  profit 
by  many  young  aspiring  inventors  at  the  present 
day 

The  theories  of  magnetic  and  electric  induction 
are  stated  with  clearness  and  precision.  Ritchie's 
and  Ruhmkorffs  coils,  together  with  their  appli- 
cations, are  described  at  length.  The  earliest  and 
latest  forms  of  magneto-electric  machines  are  dis- 
cussed in  their  order,  and  include  such  applica- 
tions as  Wilde's  and  Ladd's  machines  for  illumina- 
ting purposes. 

The  Correlation  and  Conservation  of  Physical 
Forces  appropriately  ends  the  book. 

It  will  be  inferred  from  the  above  analysis  that 
while  nothing-  relating  to  atomic  forces  is  treated 
in  the  work,  as  this  is  the  province  of  chemistry 
proper,  nothing  is  left  to  be  desired  in  the  treat- 
ment of  molecu'ar  motions  and  forces.  The 
author's  plan  comprehends  a  course  of  elementary 
chemistry  to  follow  this  introduction. 

Most  readers  of  scientific  treatises,  whether 
students  or  not,  would  find  in  this  book  much  that 


is  valuable,  especially  in  the  aid  its  tables  and 
descriptions  would  afford  in  understanding  the 
more  technical  and  scientific  discussions  which  are 
so  frequent  in  our  scientific  journals.  As  a  book 
of  reference  for  such  use,  we  know  of  no  single 
work  which  could  so  well  answer  the  purpofi  , 

The  instructor  will  find  the  suggestions  for 
illustrative  experiments  of  especial  value. 

Lectures  on  Mineralogy  delivered  at  the 
School  of  Mines,  Columbia  College,  by  Prof. 
T.  Egleston.     New  York:  D.  Van  Nostrand. 

This  work  is  a  treatise  on  descriptive  mineralogy, 
in  which  "  only  those  species  are  described  with 
which  it  is  necessary  for  an  engineer  of  mines  to 
be  familiar,  or  which  present  some  peculiarity  of 
interest." 

The  lectures  were  prepared  for  the  students  of 
the  School  of  Mines,  and  have  been  printed  with 
special  reference  to  facilitating  their  labor.  So 
much  the  author  explains  in  the  preface.  Students 
of  a  practical  turn  of  mind  elsewhere  in  the 
country,  who  have  notenjoyed  the  benefit  of  the  lec- 
tures will  not  be  slow  to  draw  the  conclusion  that 
a  work  designed  to  aid  students  in  the  first  mining 
school  in  the  land,  will  be  of  the  highest  value 
to  those  who  wish  to  study  this  science  with  re- 
ference to  such  applications. 

The  descriptions  of  the  physical  characteristics 
of  minerals,  together  with  their  behavior  under  the 
blow-pipe  is  exceedingly  lucid. 

The  crystalline  forms  are  given  at  the  end  of 
the  book  in  thirty-four  full-page  plates. 

Tables  for  Facilitating  the  Computation 
1  of  the  Quantity  of  Water  Flowing 
over  Weirs.  Supplement  to  Francis'  Hydrau- 
lic Experiments. 

There  are  two  tables  only,  occupying  seven 
quarto  pages.  The  first  gives  Heads  in  full  due 
to  velocities  from  0  to  4.99  ft.  per  second. 

Table  Second  shows  "  the  discharge  in  cubic  feet 
per  second  of  a  weir  1  ft.  long,  without  contrac- 
tion at  the  ends,  for  depths  from  0  to  2.99  ft. 

A  Compendious  Manual  of  Qualitative 
Chemical  Analysis.  By  Chas  W.  Eliot 
and  Frank  H.  Storer.  Revised  with  the  co- 
operation of  the  authors,  by  Wm.  Ripley  Nichols. 
New  York  :  D.  Van  Nostrand. 

The  original  edition  of  this  work  havinar  been 
exhausted,  while  the  demand  for  it  was  still  in- 
creasing, a  new  supply  was  an  obvious  necessity. 
In  the  meantime,  its  use  in  the  laboratory  of  the 
Massachusetts  Institute  of  Technology  had  sug- 
gested to  the  revising  editor  some  alterations  and 
additions,  which  accordingly  appear  in  the  present 
issue. 

To  the  beginner  in  analysis,  this  work  presents 
many  advantages  not  easily  found  in  other  works 
designed  for  the  same  class  of  students.  Among 
these  may  be  mentioned  the  very  copious  appendix, 
detailing  in  an  admirably  clear  manner  the  proper 
method  of  conducting  laboratory  work.  This 
description  is  aided  by  many  illustrations. 

The  whole  work  is  divided  into  two  parts. 
Part  I.  is  divided  into  chapters,  each  single  chapter 
from  the  second  to  the  eighth  being  devoted  to  a 
class  of  metals.  The  ninth  and  tenth  discuss  the 
properties  of  non-metallic  elements. 

Part  H.  deals  with  preliminivry'  examinations 
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and  general  methods  of  procedure.  Many  in- 
structors will  doubtless  prefer  to  present  these 
Paris  to  their  students  in  the  inverse  order ;  but 
this  can  be  done  at  the  pleasure  of  the  teacher, 
and  without  involving  explanations  not  contained 
in  the  book. 


MISCELLANEOUS- 

A  New  Colony  in  the  West. — The  Kansas  Pa- 
cific Railroad  Company  recently  sold  to  Sir 
George  Grant,  London,  Eng.,  about  24  square 
miles  of  land,  in  Ellis  county,  Kansas,  lying  on 
Big  Creek  and  Smokey  Hill  River.  The  location, 
as  respects  fertility  of  soil,  a  good  climate  and  easy 
accessibility,  is  highly  favorable,  and  a  credit  to 
the  discernment  and  good  judgment  of  the  pur- 
chaser. It  is  the  intention  of  this  gentleman  to 
found  a  colony  of  English  and  Scotch  farmers  and 
mechanics,  and  to  import  with  them  a  lot  of  fine 
blooded  stock  of  horses,  sheep,  and  horned  cattle. 
A  fine  stone  quarry  underlies  a  portion  of  the  pur- 
chase, from  which  materials  will  be  taken  for  a 
handsome  depot  and  for  public  edifices,  etc.  The 
colonists  will  probably  make  a  specialty  of  grazing 
and  "blooded"  stock-raising,  since  every  facility 
will  be  afforded  to  do  so.  Sir  George  is  not  only 
wealthy  but  influential  among  his  countrymen, 
and,  what  is  better,  enthusiastic  in  his  specialty  or 
pet  project  of  introducing  good  farmers  to  good 
farms.  With  such  means  and  disposition  there  is 
no  doubt  that  the  tract  he  has  bought  can  and  will 
be  made  a  perfect  garden.  All  this  cannot,  of 
course,  be  done  at  once,  but  as  successive  ship  loads 
of  emigrants  flock  in,  and  as  the  circle  enlarges  by 
this  and  the  natural  increase  of  population,  and  so 
too  in  the  extent  and  value  of  their  work  on  a  vir- 
gin soil,  in  a  district  so  accessible  to  markets  for 
every  salable  product,  the  future  of  this  enterprise 
can  reasonably  be  pronounced  successful.  The 
colony,  or  rather  the  township  which  it  will  make 
up,  is  to  be  appropriately  called  Victoria,  as  we  are 
informed. — Railway  Review. 

Ballarat  Mines. — I  have  said  that  among  Vic- 
toria gold  fields,  Ballarat  is  famous  for  alluvial 
dirt  to  be  washed — not  for  quartz  to  be  crushed,  as 
is  the  case  with  Sandhurst.  But  the  reader  must 
not  therefore  suppose  that  Ballarat  is  a  place  of 
mere  surface  scratching — an  agglomeration  of 
gullies  from  which  the  earth  is  shovelled  into 
cradles— a  congregation  of  "  fossickers,"  who 
search  about,  picking  and  washing  a  bit  of  earth 
here  and  a  bit  there.  The  alluvialdirt  which  pro- 
duces the  greater  portion  of  the  wealth  of  Ballarac 
has  not  only  to  be  brought  up  many  hundred  feet 
from  under  the  surface,  but  it  has  to  be  sought  for 
through  underground  passages  thousands  of  feet 
in  length,  and  has  to  be  followed  up  by  geological 
deductions  which  too  often  fail  in  their  promise.  I 
went  down  one  such  mine,  called  Winter's  Free- 
hold, descending  450  ft.  in  an  iron  cage.  I  was 
then  taken  4,000  ft.  along  a  tramway  in  a  truck 
drawn  by  a  horse.  At  the  end  of  that  I  was  called 
upon  to  mount  a  perpendicular  ladder  about  20 
ft.  high,  and  was  then  led  along  another  tramway 
running  apparently  at  right  angles  to  the  first. 
Erom  this  opened  out  the  cross  passages  in  which 
the  miners  were  at  work.     Here  we  saw  the  loose 


alluvial  grit — so  loose  that  a  penknife  would  re- 
move it — lying  on  the  solid  rock  to  the  breadth  of 
about  4  ft.  Here  and  there  among  the  grit, 
with  candle  held  up  and  some  experienced  miner 
guiding  my  eye,  I  could  see  the  minute  specks  of 
gold  in  search  of  which  these  vast  subterranean 
tunnels  had  been  made.  It  seemed  to  be  but  a  speck 
here  and  there — so  inconsiderable  as  to  be  altogether 
unworthy  of  such  labor.  I  was  told  that  £150,000 
had  been  expended  on  this  single  mine,  and  that 
the  machinery  was  the  finest  in  the  colony.  I 
heard  also  that  the  results  hitherto  had  not  been 
magnificent.  But  it  was  thought  that  a  good  time 
was  coming,  and  that  all  the  money  expended 
would  certainly  come  back  with  copious  interest. 
We  were  two  hours  seeing  the  mine,  and  I  cannot 
say  that,  as  regarded  immediate  enjoyment,  the 
time  was  well  spent.  The  place  was  wet  and  dirty  and 
dark,  and  the  effect  to  the  eye  very  poor.  But  such  is 
the  result  to  all  amateur  inspectors  of  mines. 
When  we  had  extricated  ourselves  from  the  bowels 
of  the  earth  we  ascended  to  a  platform  on  the  top 
of  the  machinery,  to  which  the  wash-dirt  is  brought 
iip  that  it  may  be  "puddled"  and  the  gold  ex- 
tracted. The  height  enables  the  water  and  mud  to 
run  off.  The  dirt  is  placed  in  a  round  flat  recep- 
tacle or  trough,  into  which  water  is  'pumped  up, 
and  an  instrument  something  like  a  harrow  is 
worked  through  it.  The  water  and  mud  are 
amalgamated,  and  they  escape:  the  gold  by  its 
own  weight  falls  to  the  bottom,  together  with 
stones  and  shingles.  This  is  then  sent  down  to  an 
open  spout  below,  though  which  water  again  runs, 
a  man  the  while  working  it  with  a  fork  prepared 
for  the  purpose.  Again  the  stones  and  mud  pass 
off  with  the  water,  and  again  the  gold  remains 
behind,  sinking  to  the  bottom  by  its  own  weight. 
When  all  has  escaped  that  will  escape,  and  the 
stones  which  will  not  fall  have  been  thrown  out, 
then  the  specks  of  gold  are  seen  lying  thick,  col- 
lected in  the  little  furrows  which  are  marked  in 
the  bottom  of  the  spout.  To  the  uninitiated  eye  the 
product  of  all  this  labor  still  seems  to  be  small.  The 
precious  metal  is  then  smelted  and  sold  to  the 
banks.  At  present  the  greater  portion  of  the  gold 
found  at  Ballarat  is  worth  over  £4  an  ounce.  I 
must  add,  that  they  who  are  sanguine  as  to  Balla- 
rat predict  a  vast  wealth  of  qartz  reefs  for  the  lo- 
cality after  the  wash-dirt  has  been  all  extracted. — 
Daily  Telegraph. 

Proposed  Harbor  Works  at  Caithness. — 
We  have  received,  and  have  much  pleasure  in 
giving  publication  to,  a  communication  in  relation 
to  the  provision  of  a  good  harbor  on  a  part  of  our 
coasts  that  is  by  no  means  too  well  provided  with 
such  accommodation  of  a  suitable  character.  It  is 
not  because  this  is  the  Ultima  Thule  of  "John 
o'Groat's,"  that  the  subject  should  therefore  be  es- 
teemed as  of  small  account,  from  an  imperial  point 
of  view.  The  nation  that  allowed  itself  to  be  be- 
guiled into  the  undertaking  of  Alderney  Harbor, 
may  well  look  somewhat  favorably  upon  a  really 
useful  and  practicable  scheme  at  the  other  extrem- 
ity of  the  United  Kingdom.  The  recent  visit  of 
the  Chancellor  of  the  Exchequer  to  Wick  savors 
of  some  inchoate  inception  of  "justice  to  Scot- 
land ; "  and  now  that  he  is  a  freeman  of  that  am- 
phibious borough,  there  will  be  "no  peace  for  the 
wicked,"  if  he  does  not  in  some  sort  realize  their 
fond  expectations. 
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